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he field of sports medicine is continually evolving, as new 
technologies and rapidly changing health care policies 
push the discipline forward at a dizzying pace. In 2005, 
my colleagues, Robert Wilder, Patrick St. Pierre, and Robert 
Sallis, and I sought to address a gap in the sports medicine world 
by publishing Sports Medicine: Just the Facts in an attempt to 
provide primary care physicians with a then-missing resource 
to prepare for Certificate of Added Qualification (CAQ) exami- 
nations (1). Since that short time, sports medicine has changed 
dramatically, as have the participants in the subspecialty certifi- 
cation examination process. Neuropsychological testing is now 
routinely performed in high schools across the country and 
conducted by certified athletic trainers. Ultrasound training 
and advanced treatments for the treatment of tendinopathy are 
common in most fellowship training programs (2). The physical 
medicine and rehabilitation (PMR) community is now eligible 
to sit for the CAQ, and the American Academy of Orthopedic 
Surgeons, starting in 2007, now offers a subspecialty certificate. 
Sports medicine practices are flourishing, and combinations of 
multidisciplinary groups, including orthopedic surgeons, pri- 
mary care sports medicine physicians, PMR sports medicine 
physicians, and certified athletic trainers, are becoming more 
common in both private practice and in the world of academia. 
As these changes have occurred, there has been a proliferation 
of sports medicine textbooks, as the literature has marched for- 
ward. As these texts continue to grow in number, however, there 
has continued to be a paucity of publications that have sought to 
directly address the single task of assisting the sports medicine 
student with succeeding on a subspecialty board examination. 
In 2010, we approached the American College of Sports 
Medicine (ACSM) with the concept of creating a comprehen- 
sive review text that could address the needs of the clinical 
membership, including primary care physicians, specialists, and 
certified athletic trainers. Our intent was to model a text after 
the Just the Facts concepts to assist clinicians confronted with a 
test or to guide them with a direction during their sports medi- 
cine fellowship. The text was not intended to replace many of 
the fine sports medicine resources emerging on the market but 
to be comprehensive yet focused, well-referenced, and evidence- 
based. The idea was well received by the ACSM leadership, and 
we began to move forward. 
Our first order of business was to address two gaps by iden- 
tifying additional coeditors: an editor for the task of compiling 
and coordinating the questions that would support the review 





Preface 


text and a member of the certified athletic trainer community. 
We were very fortunate that, at the time we were beginning to 
brainstorm, the ACSM leadership pointed Dr. Brian Davis, a 
PMR physician, in our direction as he was beginning to formu- 
late a question text for PMR doctors looking to prepare for the 
CAQ. After a quick phone call, Brian became a member of our 
team, and we moved forward with our second challenge. For 
me personally, Douglas Casa was an easy choice. A leader in the 
National Athletic Trainers’ Association (NATA), Doug has a his- 
tory of high energy as he has tackled the world of exertional 
heat illness and hydration through research, clinical care, and 
advocacy. He was happy to join our team; we were happier to 
have him. 

ACSM’s Sports Medicine: A Comprehensive Review has one 
principal goal — to assist the reader with preparing for a sub- 
specialty sports medicine certification examination. We have 
studied content identified by the medical specialties to iden- 
tify what we believe to be the most important material to assist 
the reader with successfully passing the examination. The text 
is conveniently divided into seven sections to assist with your 
review: general considerations; evaluation of the injured athlete; 
medical problems in the athlete; musculoskeletal problems in 
the athlete; principles of rehabilitation; sports-specific popula- 
tions; and special populations. The text is bulleted and well ref- 
erenced. Where appropriate, tables, figures, and algorithms are 
provided to assist with important concepts. A quick review of 
the list of authors not only highlights the fact that we have com- 
piled a “who’s who” of sports medicine talent, but that we have 
members from nearly all medical specialties as well as leaders in 
athletic training and physical therapy. 

To augment the text, we have nearly 1,000 board-type ques- 
tions available online as a resource for the reader. Each question 
provides an explanation on why the right answer is correct and 
the other items are incorrect. In addition, references are pro- 
vided. The online capability also provides for the reader a con- 
solidated site for all key sports medicine reference documents 
produced by the ACSM, including Team Physician Statements 
and ACSM Position Stands. 

We sincerely hope you enjoy the text and that this reference 
assists you in passing your particular examination. 

1. Harmon KG, O’Connor FG. Musculoskeletal ultrasound: taking sports 
medicine to the next level. Br J Sports Med. 2010;44(16):1135-6. 
2. O'Connor FG, Wilder RP, Sallis R, St Pierre P. Sports Medicine: Just the 

Facts in Sports Medicine. New York (NY): McGraw-Hill; 2005. 
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The Team Physician 


Anthony I. Beutler and John H. Wilckens 





WHAT IS A TEAM PHYSICIAN? 





E Very little has been published about the duties and responsi- 


bilities of a team physician, and few formal studies exist as to 
the qualifications and skills necessary to be effective in these 
duties. 


In 2000, the American College of Sports Medicine” (ACSM), 
American Medical Society for Sports Medicine (ASSM), 
American Orthopaedic Society for Sports Medicine, Ameri- 
can Osteopathic Academy of Sports Medicine, and American 
Academy of Pediatrics issued a consensus statement on the 
duties and qualifications of a team physician (5). Since that 
time, the same conglomerate has published statements on 
sideline preparedness (6), concussion (4), and issues of the 
adolescent (3) and master athlete (9) for the team physician. 


The following consensus statement from the ACSM defines 
the unique role of a team physician: 


The Team Physician must have unrestricted medical license 
and be an M.D. or D.O. who is responsible for treating and 
coordinating the medical care of the athletic team members. 
The principal responsibility of the team physician is to pro- 
vide for the well-being of individual athletes — enabling each 
to realize his or her full potential. The team physician should 
possess special proficiency in the care of musculoskeletal inju- 
ries and medical conditions encountered in sports. The team 
physician also must actively integrate medical expertise with 
other healthcare providers, including medical specialists, ath- 
letic trainers, and allied health professionals. The team phy- 
sician must ultimately assume responsibility within the team 
structure for making medical decisions that affect the athlete’s 
safe participation (5). 


Practitioners from many specialties serve in the role of team 
physician, with primary care physicians comprising the ma- 
jority. The most common fields of medicine (percentage 
of the total in parentheses) are family practice (25.5%), or- 
thopedic surgery (16.2%), osteopathic medicine (10.9%), 
internal medicine (10.1%), general practice (6.3%), pediatrics 





The views expressed herein are those of the authors and should not be 
construed as official policy of the Department of the Navy, the Depart- 
ment of the Air Force, or the Department of Defense. 








(5.4%), emergency medicine (4.9%), general surgery (4.5%), 
obstetrics/gynecology (2.8%), cardiology (2.0%), and all 
others (11.5%) (10). 

The team physician is part of a team of professionals that 
cares for the athletes and contributes to the athlete’s suc- 
cess by maximizing training and competition preparation. 
He or she also assists by accurately diagnosing ailments and 
promptly, yet completely, rehabilitating injuries to return 
athletes to competition as quickly and safely as possible. 
In addition to expertise in the common medical conditions 
encountered in athletes, other necessary qualities include: 
flexibility and availability, good communication skills, a de- 
sire to educate, and an understanding of injury prevention 
principles (5). 





TIME REQUIREMENTS OF A TEAM 
PHYSICIAN 





A team physician must have an office schedule that can accom- 
modate athletes with urgent and time-sensitive medical needs. 
Most team physicians have designated training room time 
each week, at least one to two evenings, where they can evalu- 
ate new and follow-up existing injuries of team members. 
Training room time is an especially important setting in which 
to communicate with the athletic trainer on the rehabilitation 
progress of athletes’ injuries (7). An athlete’s behavior and re- 
sponses can vary widely, depending on the familiarity of the 
environment; therefore, training rooms should ideally be held 
in the athlete’s “native environment,’ at a location convenient 
to the athletes and close to practice or training facilities. 


Although knowledge and ability are certainly important, the 
most valuable asset to the team physician is trust. Trust is earned 
by connecting to the athletes, coaches, and school officials. 


Team physicians often neglect team practices. Although it is 
not necessary that all practices be attended, occasional, brief 
appearances during practice will allow the physician to gain 
insight into the environment and conditions in which the 
athletes train, the team’s training regimen, and interactions 
between coaches and players. A better appreciation of all 
these factors can prove invaluable in the physician’s medical 
decision making. Additionally, brief appearances at practice 
help the physician build collegial relationships with coaches 


1 


2 


SECTION iI 


and players, establishing his or her role as a part of the team 
and distinguishing the physician from other officials, sup- 
port staff, and media representatives who participate only in 
game-day activities. 

The amount of time spent at the actual competition depends 
on the team physician’s role and availability, as well as on 
state laws and the regulations of the governing athletic asso- 
ciation. Some laws mandate that a physician be in attendance 
for every game. Other laws allow nonphysician medical per- 
sonnel, such as an athletic trainer, to cover an event with on- 
call physician backup (6). 

The clinician who is the team physician for an entire in- 
stitution must decide whether to attend all the games for 
a few teams, or to attend a few games for every team. We 
recommend that team physicians attend at least part of one 
practice and at least one game for each team they supervise. 
Providing good “team medicine” is very difficult without ob- 
serving the interactions and conditions of play and practice. 





CORE KNOWLEDGE OF A TEAM 
PHYSICIAN 





To perform his or her duties effectively, a team physician 
needs an understanding of the medical conditions com- 
mon to the athlete. This knowledge should encompass many 
areas of medicine, including but not limited to, orthopedics, 
cardiopulmonary medicine, neurology, dermatology, and 
rehabilitation (5). 

The team physician also needs expertise in pharmacology. 
Practical pharmacology for the team physician includes 
knowing how to treat illnesses, but also an understand- 
ing of performance-enhancing drugs and herbal medi- 
cines. Team physicians must be familiar with which sub- 
stances are banned by the governing athletic association 
so that an athlete does not inadvertently lose eligibility to 
compete (10). 

A team physician must have a general knowledge of be- 
havioral medicine and psychology. Mood disturbances and 
mental illnesses such as depression affect athletes and can be 
very common in injured athletes. 


A team physician’s knowledge of exercise science and nutri- 
tion can help prevent injuries as well as maximize an ath- 
lete’s performance (3). Disordered eating and overtraining 
can prove devastating if not recognized early and treated 
effectively (5). 





MEDICAL RESPONSIBILITIES OF THE 
TEAM PHYSICIAN 





E The first responsibility of a team physician is to determine 


whether an athlete is fit to participate. This evaluation most 
commonly occurs during the preparticipation physical. This 
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examination may or may not be performed by the team 
physician, but the team physician should review its docu- 
mentation so that he or she will be aware of any condition 
that may limit competition or predispose the athlete or other 
participants to injury. This preparticipation physical must be 
done before athletic training or participation — preferably 
6-8 weeks before — so that all potentially disqualifying con- 
ditions can be fully evaluated without jeopardizing scheduled 
participation (6). 

Sideline and event coverage is the most obvious responsi- 
bility of the team physician. A physician should cover all 
collision and high-risk sports. Other athletic events can be 
covered by any allied health professional who is trained in 
recognition and initial treatment of athletic injuries (6). 
Team physicians must continually remind themselves that 
they are more than spectators. Each should be a “dispassion- 
ate observer,” that is, the emotions of the competition must 
not affect medical decision making. Attention should be di- 
rected to the safety of the participants, not the immediate 
passions of the game. 


The team physician should focus attention on the aspects of 
play and the individuals who are prone to injury. In other 
words, the seasoned team physician will carefully follow the 
game, but not always follow the ball. For instance, in gridiron 
football, relatively little injury information can be gained by 
watching the flight of the ball on punts, kickoffs, and passes. 
Rather, injuries occur in — and attention should be focused 
on — lineman and quarterbacks after releasing the ball and 
wide receivers after catching the ball. 


The team physician must be prepared to handle nonpartici- 
pant emergencies because it is not uncommon for the team 
physician to be called on to treat an inadvertently involved 
coach, injured or sick referee, or emergently ill spectator. 
The team physician should verify that proper protocols 
and policies exist for medical emergencies involving spec- 
tators. The team physician may be the most qualified first 
responder, but he cannot assume final treatment responsibi- 
lity for spectators because his first duty is to the athletes on 
the field of play. 


The team physician maintains a sense of sideline awareness 
and encourages others to do the same. The team physician 
recognizes that the energy to play carries well beyond the 
field’s sideline. The more advanced the athletic level, the 
greater the area of potential injury beyond the field of play. 
Many sideline personnel are distracted: Cheerleaders, mas- 
cots, and photographers may be completely unaware of the 
action coming toward them. Even experienced coaches can 
be surprised and injured when the game suddenly “comes 
to them” (1,2). The individual who has a pass to the side- 
lines for the first time is often the most endangered person 
because he or she has very little concept of the speed of the 
game and the closeness of potential injury. 


The team physician ensures accurate diagnosis through use 
of additional studies and specialty consults, communicates 
information regarding the player’s condition clearly and 


confidentially to those who “need to know,” coordinates the 
rehabilitation process, and determines when the athlete is 
again able to compete. This essential process involves active 
communication with athletes, parents, athletic trainers, 
physical therapists, coaches, administrators, and other medi- 
cal specialists as necessary (12). 
Pursuing active follow-up with medical specialists is a criti- 
cal duty. Team physicians may refer athletes to subspecialty 
providers to assist in treatment or with clearance for athletic 
participation; however, information from these visits does 
not naturally flow back to the team physician. Assuming that 
the specialty provider will call with any important informa- 
tion or that all pertinent information will flow back through 
the health care system will result in confusion for the team 
physician and danger for the athletes. Shadow files, “tickler 
lists,’ and other reminder systems can help team physicians 
actively and personally follow up on referrals, preventing the 
always embarrassing and often dangerous situations that re- 
sult from incomplete medical communication between sub- 
specialists and the team physician. 

Documentation of medical care is often mistakenly ne- 

glected in the team setting. The team physician needs to 

keep formal and confidential medical records that detail 
communication with consultants, give home treatment and 
follow-up instructions, and provide details for insurance and 

reimbursement purposes (12). 

The team physician should have final say of when an athlete 

is initially cleared to begin competition and when a previ- 

ously injured athlete may return to play (6). Although a 

detailed discussion of return-to-play criteria is beyond the 

scope of this chapter, several fundamental principles guide 
return-to-play decisions: 

E Injured athletes must have the muscular strength to per- 
form adequately. Typically the injured body part should 
have approximately 90% strength compared with the un- 
injured side or the player’s normative strength. Athletes 
returned without adequate muscular strength rapidly re- 
visit to the training room, often with a subsequent injury 
that is more severe than the first. 

E Before an athlete can return to play, he or she must 
demonstrate adequate agility. Contact athletes require 
full agility to protect themselves on the fields of friendly 
strife. Agility in noncontact athletes indicates the return 
of normal motor patterns that help protect against over- 
use injury. Strength and agility requirements vary widely 
between sports. An injured toe may be catastrophic to 
a basketball or football athlete and completely inconse- 
quential to a rifle marksman. 


E The returning athlete should pose no increased risk of 
injury to other players. Casts, splints, braces, and other 
protective equipment should be of a material suitable for 
safe competition. 

E Finally, it should be recognized that clear thinking and 
intact cognition are required before any return to play or 
practice is considered. 
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ADMINISTRATIVE RESPONSIBILITIES 
OF THE TEAM PHYSICIAN 





E The team physician’s primary concern is the coordination of 


medical supervision. This organization includes making sure 
qualified medical personnel are attending practices and com- 
petitions as needed, designing a plan for sideline evaluation, 
and having necessary medical equipment readily available. 
The team physician encourages defined roles and responsi- 
bilities for all involved in the medical care of the team, along 
with establishing a medical chain of command. The team 
physician may not make all the daily decisions but should 
have full authority concerning medical policy making. 

The team physician needs to lead the planning for and prac- 
ticing of medical emergencies and urgencies. In addition to 
having an emergency treatment and transport plan, the team 
physician also must know the medical capabilities of sur- 
rounding hospitals — particularly around away competition 
sites — so that injured athletes are brought to medical facili- 
ties that are best equipped to handle their specific medical 
problem (6). 

Team physicians should become familiar and maintain fa- 
miliarity with the rules and position statements established 
by the ACSM, the AMSSM, and other organizations. They 
should also maintain familiarity with regulations established 
by governing bodies of sport (state high school athletic 
boards, the National Collegiate Athletic Association, Major 
League Baseball, and National Football League). 

The team physician should implement protocols that 
facilitate timely and quality medical care for situations 
when he or she is not immediately available. Preestab- 
lished guidelines for return to play are very helpful, es- 
pecially when injuries to impact athletes result in high 
pressure for returning to competition before appropriate 
healing has occurred (5). The ACSM consensus statement 
on return-to-play issues more fully details the responsi- 
bilities of the team physician when returning athletes to 
competition (8). 

The team physician oversees the playing environment. 
He or she should evaluate both practice and game facili- 
ties for safety. A safe playing environment also involves 
appropriate and properly fitting protective equipment, 
available hydration, and an activity level appropriate for 
the climate. 





COMMUNICATION RESPONSIBILITIES 
OF A TEAM PHYSICIAN 





E For a team to receive optimal medical care, the team phy- 


sician and athletic trainer must communicate openly and 
clearly. Even before the season, they need to discuss medical 
treatment protocols, which preferably are documented in 
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writing (12). When an injury occurs, there can be no confu- 
sion over who will go on the field for initial evaluation and 
who will communicate to the coach the extent of an athlete’s 
injury and playing status. 

A potentially contentious area between team physicians, 
athletes, coaches, and school officials is the ordering of a 
magnetic resonance imaging (MRI) study. For physicians 
in nonsport settings, MRI scans are typically used as a di- 
agnostic tool, to confirm a suspected diagnosis. In sports 
medicine, however, the MRI scan is more of a management 
tool. Although the team physician may not need an MRI 
study to make the diagnosis, an early MRI scan can allow 
team officials, coaches, and the athlete to get on the same 
page with the team physician. This shared unity results in 
management decisions that are more timely, better coor- 
dinated, and ultimately more appropriate for the athlete. 
Total player management includes not only medical man- 
agement, but also administrative management. Administra- 
tive management may involve placing the player on injured 
reserves or the disabled list or beginning an application for 
a redshirt year. In addition to building unity among the 
management team, MRI often has mystical healing powers! 
For worried athletes, an MRI scan has not only diagnostic, 
but also mentally therapeutic effects. Early and timely MRI 
scans often require a strong working relationship with mus- 
culoskeletal radiologists and local radiology departments. 
Making them part of the medical team by providing them 
access to games or sideline passes can assist in developing 
this rapport. 


A team physician needs to develop good rapport with the 
coach. Offering injury prevention suggestions and player 
health education may demonstrate to the coach a shared de- 
sire to assist the team attaining their goals. Most importantly, 
a team physician must keep the coach informed of an in- 
jured player’s ability to continue to compete safely. Without 
breaching player confidentially, the team physician should 
provide the coach with a time frame for further evaluation 
or the player’s return. In general, this information should be 
communicated in terms of a sport-specific timeline, such as 
the player is out for a play, the player is out for a series, re- 
assessment will be done at half-time or game’s end, or the 
player is likely out for the rest of the season. 


A team physician may also be required to discuss a player’s 
medical condition with school officials. Administrators of- 
ten need to know specifics regarding physician recommen- 
dations, for example, how long the player will miss class or 
be in the hospital. They seldom need to know medical or 
personal details of the athlete’s situation. Remember that the 
athlete’s confidentiality is the first concern. 


Members of the media rarely, if ever, need information from 
the team physician. Well-defined criteria for dealing with the 
media should be established. If a team physician is encour- 
aged to participate in an interview, insist that written ques- 
tions be submitted beforehand so that appropriate remarks 
can be constructed for the record. These planned responses 


can be reviewed with team coaches, athletic trainers, and ad- 
ministrators to ensure consistency, accuracy, and regard for 
the athlete’s privacy. 

E A team physician may need to discuss an athlete’s medical 
condition with his or her parents, especially if the athlete is 
a minor. It may be beneficial to send a letter to all parents of 
athletes less than 18 years old before the season, describing 
the role of the team physician and the continued importance 
of the personal primary care physician to the athlete’s overall 
heath. 


E As mentioned earlier, the team physician coordinates spe- 
cialty care as medically indicated. In doing so, he or she 
should provide the pertinent information necessary to the 
respective medical consultant’s care and receive written docu- 
mentation of recommendations from medical specialists. 





OTHER CONSIDERATIONS FOR THE 
TEAM PHYSICIAN 





E Sports medicine abounds with opportunities for research. 
Simply keeping accurate epidemiologic and injury data has 
the potential to impact training regimens, competition rules, 
or mandates for protective equipment (11). Injury surveil- 
lance is very important to preventative sports medicine and 
actually advances the safety of sport much better than does 
any surgical technique or new prescription drug. 

Œ The dedicated team physician uses his or her observations 
and recorded injury data to prevent future injuries on his 
or her teams. Observing a rise in concussions will prompt 
a review of the team’s helmets or the tackling technique. 
An increase in acromioclavicular separations may trig- 
ger an inspection of shoulder pads. An outbreak of rashes, 
abscesses, or other skin conditions should prompt a review 
of sanitation, equipment, and laundry procedures. 


E The astute team physician ensures that injury and out- 
come data are gathered, stored, and shared using methods 
that are Health Insurance Portability and Accountability 
Act (HIPAA) compliant. Sharing data across team, league, 
and state boundaries is essential to future efforts to prevent 
injury, but the privacy of the individual athlete must be 
protected. 


E Judgment and good sense are required when evaluating new 
injury prevention programs. Team physicians must be open 
and responsive to proven changes that will benefit and pro- 
tect their athletes, but they cannot afford to simply follow the 
latest fad. Judgment is also required when treating injuries to 
ensure that treatment decisions made for professional ath- 
letes are not automatically translated into other echelons of 
sport. Ulnar collateral surgery may be absolutely indicated in 
a 34-year-old major league pitcher. Does that make it right 
for a 16-year-old high school pitcher? 

E Every would-be team physician must research the medi- 
cal liability risk and coverage associated with the position. 


A written contract or memorandum of understanding with 
the institution or team that defines responsibilities and ex- 
pected level of coverage is essential — even if no compensa- 
tion is to be received (12). “Good Samaritan” laws exist in 
many states, but the exact law varies widely between different 
jurisdictions. Most such laws apply only if the physician is 
receiving no compensation for his or her services. Compen- 
sation may be defined by a specific dollar amount or be as 
little as receiving a team shirt to wear at games! 


Compensation as a team physician is variable. Almost all 
work with teams competing at lower than the collegiate level 
is voluntary. Deferring offers for nominal remuneration in 
favor of paying an athletic trainer’s salary will likely benefit 
the athletes and the team physician (12). Almost all team 
physicians work with athletic teams solely for professional 
and personal satisfaction because of their interest in sports 
and athletes. 





REFERENCES 





1. Associated Press. Paterno fractured leg bone during sideline collision 
[Internet]. 2011 [cited 2011 July 11]. Available from: http://sports.espn. 
go.com/ncf/news/story?id=2650560. 


2. Associated Press. Weis tears ACL and MCL on sideline [Internet]. 2011 


[cited 2011 July 2011]. Available from: http://nbcsports.msnbc.com/ 
id/26690497. 


10. 


ll. 


12. 


CHAPTER 1 The Team Physician 5 


. Herring SA, Bergfeld JA, Bernhardt DT, et al. Selected issues for the ado- 


lescent athlete and the team physician: a consensus statement. Med Sci 
Sports Exerc. 2008;40(11):1997—2012. 


. Herring SA, Bergfeld JA, Boland A, et al. Concussion (mild traumatic 


brain injury) and the team physician: a consensus statement. Med Sci 
Sports Exerc. 20063;38(2):395-9. 


. Herring SA, Bergfeld JA, Boyd J, et al. Team physician consensus state- 


ment. Med Sci Sports Exerc. 2000;32(4):877-8. 


. Herring SA, Bergfeld J, Boyd J, et al. Sideline preparedness for the team 


physician: a consensus statement. Med Sci Sports Exerc. 2001;33(5): 
846-9. 


. Herring SA, Bergfeld J, Boyd J, et al. The team physician and condition- 


ing of athletes for sports: a consensus statement. Med Sci Sports Exerc. 
2001;33(10):1789-93. 


. Herring SA, Bergfeld J, Boyd J, et al. The team physician and 


return-to-play issues: a consensus statement. Med Sci Sports Exerc. 
2002;34(7):1212-4. 


. Kibler WB, Putukian M. Selected issues for the master athlete and 


the team physician: a consensus statement. Med Sci Sports Exerc. 
2010342(4):820-33. 

Mellion MB, Walsh WM. The team physician. In: Mellion MB, Walsh 
WM, Shelton GL, editors. The Team Physician’s Handbook. Philadelphia: 
Hanley & Belfus; 1997. p. 1-8. 

Rice SG. Development of an injury surveillance system: results from a 
longitudinal study of high school athletes. In: Ashare AB, editor. Safety 
in Ice Hockey. West Conshohocken (PA): ASTM; 2000. p. 3-18. 

Rice SG. The high school athlete: setting up a high school sports medi- 
cine program. In: Mellion MB, Walsh WM, Madden C, Putukian M, 
Shelton GL, editors. Team Physician’s Handbook. 3rd ed. Philadelphia: 
Hanley & Belfus; 2002. p. 67-77. 








Ralph G. Oriscello and Christopher E. Jonas 


INTRODUCTION 





E Ethics in general terms is the conforming to accepted stan- E 


dards or principles of conduct. No one achieves ethical per- 
fection, but most sports physicians are good by nature and 
guided by high ethical standards. Sports themselves are con- 


sidered to reflect values generally considered to be important m 


to society: character building, health promotion, and the 


pursuit of competitive excellence and enjoyment (3). “ 


E Ethical considerations in the area of sports medicine are 
similar to those in medicine in general, including basic prin- 
ciples and rules (10). 


E Beneficence, the principle of performing acts or making 


recommendations only potentially beneficial to an athlete, is E 


the overriding principle. 


E Nonmaleficence (“first do no harm”), the principle of pro- 
hibiting recommendations or actions detrimental to an ath- 
lete’s short-term and long-term health, is considered with 
every action taken in the training room or medical setting 
when tending to an injured athlete. 

E Confidentiality, shared decision making, informed consent, 
and truthfulness are absolutely essential for the ethical man- 
agement of any sports-related medical decision. 





THE SPORTS PHYSICIAN’S 
RESPONSIBILITIES 





E An athlete’s autonomy, his or her interests and desires and 
the third principle of medical ethics, must always be taken 
into consideration in any decision made by a sports physi- 


cian. Such decisions should always be made in the athlete’s P| 


best interest (17). 


Æ Whether the decision involves a diagnostic test or the ath- 


letes eligibility, its end result is the maintenance of good m 


health with the least risk to the athlete. 
E Conflict between physician and athlete should always be min- 


imal or absent. The physician should use all reasonable means m 


possible to resolve a dispute with an athlete—patient (4). 


Ethical Considerations in 
Sports Medicine 


Although autonomy is respected, most athletes can and 
should rely on their sports physician to lead them in the 
shared decision-making process. 

Sports physicians recognize that one solution rarely applies 
to every athlete who presents the same problem, and the 
same set of circumstances can also lead to a different sug- 
gested solution by the same sports physician (3,5). 
Exactness and infallibility, while desirable, are not traits of 
even the finest sports physicians (11,13). 

The sports physician’s primary duty is to make the best ef- 
fort to maintain or restore health and functional ability (9). 
Despite the athlete’s wishes, the sports physician cannot do 
less than seek the best possible outcome (1). The athlete’s 
welfare must guide all efforts. 

A good sports physician must have a genuine appreciation 
for the importance of athletics in an athlete’s life. Donald 
O’Donoghue, MD, suggests the following timeless precepts for 
sports physicians: accept athletics, avoid expediency, adopt the 
best methods, act promptly, and try to achieve perfection (14). 
The injured athlete must understand the diagnosis, comprehend 
its implications, and participate in all therapeutic decisions. 

All sports medicine physicians gain knowledge, wisdom, 
and better judgment with experience, soon recognizing that 
many recommendations or forms of therapy have risks as 
well as benefits. 

Harm can come to the athlete—patient from unnecessary or 
excessive restriction as well as from failure to restrict activity 
when appropriate. 

The sports physician does not operate in a vacuum. To make 
sports-oriented medical decisions, one must be well versed 
in current recommendations for eligibility and continued 
participation and not depend on his or her own limited per- 
sonal experience or unscientific reasoning (4,7). 
Recognizing the wide range of opinions and individual fal- 
libility, athlete—patients can assert their right to another 
opinion. 

Continuing education of the sports physician aids in the de- 
velopment of a suitable level of skill and knowledge and their 
maintenance (12). 

Although sports physicians will be able to treat most referrals, 
they must be aware of their own level of competence. They 
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must know when and where to refer for specialized consulta- 
tion or therapy. It is essential to know their colleagues’ ability, 
personality, and empathy for athletes in order to make com- 
petent referrals (15). 

The referred patient should not be abandoned. The consul- 
tant may gain insight from the referring physician. This af- 
fords the athlete continuing support from his or her primary 
sports physician. 

There is no obligation to accept without question the rec- 
ommendations of consultants, especially if incongruent with 
the referring physician’s knowledge of the patient. 


E All of the above lead to trust established between athlete and 


physician, allowing for more comfortable resolution of the 
decision-making process. 





POTENTIAL FOR DIVIDED LOYALTIES 


Although rare in high school and uncommon in college 
sports, there is major distrust between professional athletes 
and team physicians (6). 

Athletes may feel there are too many instances when the 
quality of their treatment is secondary to the physician’s 
obligation to team owners and coaches (2). 

A salaried position may interfere with the traditional doctor— 
patient relationship. 

A salaried physician has a potential conflict of interest. 
Objective professional duties are compromised by personal 
interests (e.g., the financial reward of the professional team 
association, as well as the publicity and high visibility one 
gets from such a position). 

The ultimate welfare of the athlete may seem in conflict with the 
wishes of parents, spouse, coaches, or team management, but 
the loyalty of the sports physician is to the continued well-being 
of the athlete and a healthy physician—patient relationship. 
Decisions must be made solely based on sound medical 
judgment; however, a third party (e.g., a university or profes- 
sional team) that does not follow reasonable medical advice 
may be cause for the physician to cease providing services for 
that party (2). 

When the wishes of the athlete—patient conflict with what 
the physician believes to be in the athlete’s best interest and 
the conflict cannot be resolved, the athlete should be reas- 
signed to another physician (4). 

For the professional athlete, the unfavorable mix of high sal- 
aries and short careers can precipitate risky decision making 
by both the athlete and the physician. Coaches often encour- 
age physicians to return players, and players themselves often 
desire to return to the field of play too quickly (17). 

An untimely death or worsening injury sets the stage for a 
potential lack of trust in the team physician. 

The physician must take great care to avoid becoming overly 
concerned with the team’s record or athlete’s statistics and 
remain most concerned with the athlete’s health. 


The team physician’s actions should demonstrate a primary 
responsibility to the players’ safety and well-being, and the 
physician should not allow players to be on the field who are 
not truly medically qualified (16). 





DRUG USE 





E It is common knowledge that there is illicit drug use by ath- 
letes at all levels of play, including recreational drugs, anabolic 
steroids, pain-controlling agents, ergogenics, and alcohol (17). 

E Therapeutic medications are an integral part of sports medi- 
cine. Used appropriately, they control pain and inflamma- 
tion, speed recovery, and hasten return to function. 

E It is the obligation of the sports physician to know each drug 
thoroughly, especially its potential effect(s) on the safety or 
effectiveness of the athlete’s performance. 

E The sports physician must not expose the athlete to potential 
disqualification (e.g., as in the prevention of exercise-induced 
asthma) when an effective legal medication can be found. 

Appropriate reference to World Anti-Doping Agency (WADA), 
United States Anti-Doping Agency (USADA), and other appli- 
cable banned substance listings is of utmost importance for the 
sports medicine physician. 

E The available drug testing cannot detect all participants who 
use banned substances, but the testing capabilities are rap- 
idly changing. 





CONFIDENTIALITY 





Œ Allathletes have a right to full confidentiality, despite the fact 
that some athletes are very public persons (2). 

E All inquiries made of sports physicians by the press or other 
interested parties should go unanswered unless specifically 
permitted by the athlete or should be referred to the athlete 
or representative. 

E The permission to discuss medical information should be in writ- 
ing and explicitly outline the information that can be revealed. 

E Despite claims regarding the public’s “right to know,” the 
right to privacy remains with the athlete—patient (2). 

E On occasion, the sports physician will advise the athlete— 
patient about the amount of information to release to coaches. 
This is important when restriction from practice or competi- 
tion is necessary. Here we refer to the athlete’s private sports 
physician, not one employed by a school or professional team. 

Œ When a sports physician is employed by a school, team, or 
similar entity, the sports physician must always advocate 
for the athlete—patient’s welfare, while fulfilling the role of 
protecting the team or school. 

E An employed sports physician must still respect the athlete— 
patient’s autonomy in medical decision making, while advis- 
ing against any decision that could compromise the patient’s 
future health and athletic career. 
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RELATIONSHIP WITH COLLEAGUES 





Conflict can arise between a team physician and other physi- 
cians participating in the care of the athlete—patient; there 
must be sensitivity demonstrated to the relationship of all 
medical professionals involved. 

The sports physician must never criticize the actions of an- 
other physician to the athlete—patient. Private discussions 
with the other physicians regarding recommended therapy 
should be undertaken. 

The sports physician is in a position to positively influence 
the knowledge of other physicians by providing positive, col- 
legial input. 

If inappropriate playing restrictions or early return have 
been recommended by another physician, the sports physi- 
cian should perform an individual assessment of the athlete’s 
return-to-play status. 

Sports medicine is a team effort involving physicians and 
other medical professionals who can be helpful with the ath- 
lete’s care; the sports physician must insist that all adhere to 
the same high ethical standards. 

The sports medicine physician has an obligation to expose 
quackery and unproven practices employed in the guise of im- 
proving performance, thus protecting athletes and their careers. 





FEAR OF LEGAL ENTANGLEMENT 





There is always a question as to what the sports medicine phy- 
sician should do in the presence of a life-threatening situation 
or a potentially disabling condition, and the physician must 
consider the athlete’s safety while allowing the athlete—patient 
to share in the decisions. 


When operating at the highest ethical level with support 
from the medical literature and the medical community, 
such an event should never alter a physician’s role in the fu- 
ture evaluation of other athletes. 

A sports physician who is not afraid to make the correct 
recommendation in a difficult medical situation should be 
sought out by other physicians and athletes. 





SUMMARY 





E Sports medicine requires ethical treatment of athletes in all 


situations (5). 


E Familiarity with many disease states that can affect an ath- 


lete’s ability to participate is required (1). 


General Considerations in Sports Medicine 


Athletes can only participate if they do not endanger them- 
selves or others (1). 

The physician must be familiar with unethical means of en- 
hancing performance (8,17). 

The physician must be aware of resources available to aid 
him or her in rendering an authoritative opinion (1,3). 


The physician must be devoted to the rules of confidentiality, 
informed consent, and truthfulness. The physician must be 
aware that there is uncertainty in some decisions that have 
no right or wrong answer; the decisions should be made 
based on the literature and experience. 
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Legal Issues in Sports Medicine 


Aaron Rubin 





INTRODUCTION 





E The advice of an attorney should be considered before 
making any legal decisions. 

E Sports is a microcosm of society. 

E There are rules of sports and society that must be created, 
interpreted, and, at times, debated. 


Œ Medical practice in sports holds no exemption from any 
other medical practice. 

Œ Legal issues present in the area include, but are not lim- 
ited to, malpractice, contracts, licensure, insurance, “Good 
Samaritan” laws, and confidentiality issues (Health Insurance 
Portability and Accountability Act [HIPAA] and Family 
Educational Rights and Privacy Act [FERPA]). 

E These issues may be complicated by the practice of sports 
medicine in the public arena and the traditions of team and 
game coverage. 

E This chapter is by no means meant to substitute for the ad- 
vice of an attorney, but is presented to draw attention to 
potential legal issues that may arise in the practice of sports 
medicine. 


DEFINITIONS 





E Law: A body of rules or standards of conduct promulgated 
or established by some authority. 


EŒ That which is laid down, ordained, or established. A body 
of rules of action or conduct prescribed by controlling 
authority and having binding legal force. The law of a 
state is found in statutory and constitutional enactments 
as interpreted by its courts. The word “law” contemplates 
both statutory and case law (7). 


B® Lawful: That which is permitted or authorized by the law. 


E Legal, warranted, or authorized by the law. Not contrary 
to nor forbidden by the law; not illegal (7). 


E Contract: An agreement between two or more parties that 
creates legally binding obligations. A valid contract must 
involve competent parties, proper subject matter, consid- 
eration, and mutuality of agreement and of obligation. 
Contracts are classified in many ways. 








E An agreement between two or more persons that cre- 
ates an obligation to do or not to do a particular thing. 
A legal relationship consisting of the rights and duties 
of the contracting parties; a promise or set of promises 
constituting an agreement between the parties that gives 
each a legal duty to the other and also the right to seek 
a remedy for the breach of those duties. Its essentials 
are competent parties, subject matter, and mutuality of 
agreement (7). 


E Expressed: An Expressed contract is an actual agreement 
in terms that are openly declared at the time of making it, 
being stated in distinct and explicit language either orally 
or in writing (7). 

E Implied: An implied contract is one inferred by law to ex- 
ist because the parties’ conduct or surrounding circum- 
stances indicate a contractual relationship exists. 


E Bilateral: A bilateral contract is one involving mutual 
promises between parties. 


4 Bilateral or reciprocal contracts are those by which the 
parties expressly enter into mutual engagements such 
as sale or hire (7). 


E Unilateral: A unilateral contract is a one-sided prom- 
ise where one party undertakes an obligation without a 
reciprocal promise or obligation being made or under- 
taken. 


Civil law: Body of law that a nation or state has established 
for itself as distinguished from natural law. Law determin- 
ing private rights and liabilities as distinguished from crim- 
inal law. 


E That body of law that every particular nation, common- 
wealth, or city has established peculiarly for itself; more 
properly called “municipal” law to distinguish it from 
the “law of nature,” and from international law. Laws 
concerned with civil or private rights and remedies as 
contrasted with criminal laws (7). 


Criminal law: The branch of law that defines what public 
wrongs are considered crimes and assigns punishment for 
those wrongs. 


E The substantive criminal law is that law which, for the 
purpose of preventing harm to society, (a) declares what 
conduct is criminal, and (b) prescribes the punishment 
to be imposed for such conduct (7). 
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Natural law: The moral or ethical law, formulated in 
accordance with reason, natural justice, and the original state 
of nature (7). 


Case law: Law based on judicial precedent rather than leg- 
islative enactment. The body of law founded in adjudicated 
cases as distinguished from statute, common law. 


E The aggregate of reported cases as forming a body of 
jurisprudence, or the law of a particular subject as evi- 
denced or formed by the adjudged cases, in distinction to 
statutes and other sources of law. It includes the aggregate 
of reported cases that interpret statutes, regulations, and 
constitutional provisions (7). 


Tort: A wrongful injury; a private or civil wrong. A tort 
is some action or conduct by the defendant that results 
from a breach of a legal duty owed by the defendant to the 
plaintiff, which proximately causes injury or damage to the 
plaintiff. Torts may be “intentional” (when the defendant 
intends to violate a legal duty) or “negligent” (when the 
defendant fails to exercise the proper degree of care estab- 
lished by law). 


E A private or civil wrong or injury, including action for 
bad faith breach of contract, for which the court will 
provide a remedy in the form of an action for dam- 
ages (7). 

E A legal wrong committed upon the person or prop- 
erty independent of contract. It may be (a) a direct 
invasion of some legal right of the individual; (b) the 
infraction of some public duty by which special damage 
accrues to the individual; or (c) the violation of some 
private obligation by which like damage accrues to the 
individual (7). 

Negligence: The inadvertent or unintentional failure to 
exercise that care that a reasonable, prudent, and careful 
person would exercise; conduct that violates certain legal 
standards of due care. Negligence constitutes grounds for re- 
covery in a tort action if it is the proximate cause of injury to 
the plaintiff. 


E The omission to do something that a reasonable man, 
guided by those ordinary considerations that ordinar- 
ily regulate human affair, would do, or the doing of 
something that a reasonable and prudent man would 
not do (9). 

Liability: Any type of obligation or debt, fixed or contingent; 

an indebtedness owed to another party; a duty to pay money 

on funds owed. An obligation or mandate to do or refrain 
from doing something. 


E Broad legal term. It has been referred to as of the most 
comprehensive significance, including almost every char- 
acter of hazard or responsibility, absolute, contingent, 
or likely. An obligation one is bound in law or justice to 
perform (7). 

Plaintiff: Person who brings a lawsuit; the complainant; the 

prosecution in a criminal case. 


E A person who brings an action. The party who complains 
or sues in a civil action and is so named on the record. 
A person who seeks remedial relief for an injury to rights; 
it designates a complainant (7). 


E Defendant: The person accused in a criminal case or sued in 
a civil action. 


E The person defending or denying; the party against 
whom relief or recovery is sought in an action or suit or 
the accused in a criminal case (7). 


Captain of the ship doctrine: This doctrine imposes liability 
on the surgeon in charge of the operation for negligence of 
his assistants during the period when those assistants are un- 
der the surgeon’s control, even though the assistants are also 
employees of the hospital (7). 





DUTIES, ROLES, AND RESPONSIBILITIES 
OF THE TEAM PHYSICIAN (2,5) 





E The duties of the team physician to a team may be outlined 
ina letter of agreement or contract between the organization 
and physician. 

E The duties to the individual athlete should be considered as 
with any other patient—physician relationship. 


E Balancing this duty to team and athlete must be considered 
in every situation. 


E A consensus statement on the duties of the team physician 
has been created by several organizations and is available in 
its entirety from the following groups: 


E American College of Sports Medicine (ACSM) 
American Academy of Family Physicians (AAFP) 
American Academy of Orthopedic Surgeons (AAOS) 
American Medical Society for Sports Medicine (AMSSM) 


American Orthopaedic Society for Sports Medicine 
(AOSSM) 


E American Osteopathic Academy of Sports Medicine 
(AOASM) 


E Qualifications from this consensus statement include: 


E Medical or osteopathic degree with unrestricted license 
to practice medicine 

E Fundamental knowledge of emergency care regarding 
sporting events 

E Trained in cardiopulmonary resuscitation (CPR) 

E Working knowledge of trauma, musculoskeletal injuries, 
and medical conditions affecting the athlete 

Œ Medical duties from this statement stated that the team 

physician has ultimate responsibility to include: coordi- 

nation of the preparticipation screening; management of 

on-field injuries; medical management of injury and illness; 


coordination of rehabilitation and return to participation; 
coordination of medical care; education; and documentation 
and record keeping. 


E Administrative duties include: establishing relationships; 
education; development of a chain of command; plan and 
train for emergencies; address equipment and supply issues 
(as needed to provide adequate medical coverage); provide 
for event coverage; and assess environment concerns and 
playing conditions. 

E Standard definitions of negligence generally apply. The 
physician is held to what the reasonable, prudent man 
would do. 


E As guidelines become more established, these may become 
the basis for duties and responsibilities of the team physician 





DUTIES, ROLES, AND RESPONSIBILITIES 
OF THE TEAM AND ATHLETES (2,5) 





E The responsibilities of the team (organization, ownership, 
administration) should also be outlined in a contract. 


E The team should provide a safe venue (including adequate 
security), appropriate safety equipment, supplies needed 
to treat injured or ill athletes (unless otherwise specified in 
the agreement), and appropriate response for emergency 
situations. 


E The team (including coaching staff) should not interfere 
with the care of the athlete, including return-to-play issues. 


H The athlete should be prepared for participation and partici- 
pate safely and according to the rules of the sport. If not, the 
athlete may share in responsibility for the injury. 

E The athlete or team has a duty to report conditions to the 
team physician and not conceal illnesses, injury, or symptoms 
that may occur. 





CONTRACTS 





E Traditionally, many team physicians work with as little as a 
handshake or loose agreement; one should consider “putting 
it in writing.” 

E This contract should outline duties, responsibilities for 
providing supplies, compensation, travel expectations, pro- 
vision of coverage in the team physician’s absence, length 
of contract, responsibilities for providing preparticipa- 
tion examinations, liability coverage, and game decision 
processes (such as who has the final word on return-to-play 
issues). 


E An attorney can be extremely helpful in creating such a 
document. 


CHAPTER 3 Legal Issues in Sports Medicine 11 





LIABILITY 





Malpractice Coverage 


Malpractice is defined as unreasonable lack of skill or profes- 

sional misconduct (7). 

E Failure to render professional services under circumstances 
in the community by the “average, prudent reputable 
member of the profession” with resultant injury or damage 
to the recipient of those services. 

Negligence is the predominant theory of liability in medical 

malpractice suits. It requires all of the following elements to 

occur: 

E Physician’s duty to the plaintiff 

E Violation of applicable standard of care 

E Injury that can be compensated 

E Connection between the violation of care and harm 

A physician should have adequate coverage to defend any 

case brought against the physician and to compensate any 

judgments decided against the physician. 

Coverage may not be in effect if one is practicing outside of 

his or her scope of practice or in an area where not licensed. 

Physicians traveling out of state (or country) with teams 

should be aware of this possibility and check with their mal- 

practice carrier. 

Malpractice insurance should include an adequate “tail” to 

cover the physician in the event the physician changes jobs 

or malpractice insurance before a case is brought. 


Fallacy of the Good Samaritan 


Good Samaritan doctrine: One who sees a person in immi- 
nent and serious peril through negligence of another cannot 
be charged with contributory negligence as a matter of law, in 
risking his own life or serious injury in attempting to effect a 
rescue, provided the attempt is not recklessly or rashly made. 
Under this doctrine, negligence of a volunteer must worsen 
position of person in distress before liability will be imposed. 
This protection from liability is provided by statute in most 
states. 

These laws and protection vary from state to state. 

These are a defense in a lawsuit and must be presented by 
your attorney as such. 

A person expected to act, such as a team physician at a game, 
may not be covered by Good Samaritan doctrine, whether 
compensated or not. 

Good Samaritan doctrine should not be a substitute for 
adequate malpractice coverage. 

The doctrine should be adequate in most states to cover a 
physician who renders aid when an unexpected medical 
situation arises, such as at an auto accident or if, when 
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a spectator at an event, another spectator has a cardiac 
arrest. 

Some jurisdictions may require a physician to provide care 
under these circumstances. 


General Considerations in Sports Medicine 


It is probably best to have an administrative person deal 
with press, such as a sports information director or public 
information officer, to keep the physician from accidentally 
releasing private issues. 





PATIENT (ATHLETE)-PHYSICIAN 
RELATIONSHIP 





The patient (athlete)—physician relationship should be one 
of mutual trust and teamwork. 

The athlete (or parents or guardian if a minor) has rights 
to autonomy, self-determination, privacy, and appropriate 
medical care. 

Even if a minor, the athlete has certain rights to seek medi- 
cal care in most jurisdictions for treatment related to preg- 
nancy, drugs, and sexually transmitted disease. Check with 
local laws. 

HIPAA, FERPA, and Protected Health Information (PHI) 

E HIPAA 


Q Health Insurance Portability and Accountability Act 
of 1996 


A Defines PHI 


Q Individually identifiable health information is informa- 
tion, including demographic data, that relates to the 
individual’s past, present, or future physical or mental 
health or condition; the provision of health care to the 
individual; or the past, present, or future payment for 
the provision of health care to the individual, and that 
identifies the individual or for which there is a rea- 
sonable basis to believe it can be used to identify the 
individual. 





Individually identifiable health information includes 
many common identifiers (e.g., name, address, birth 
date, social security number) (9). 

E FERPA 


Q Family Educational Rights and Privacy Act 





Q Relates primarily to protected educational informa- 
tion; could raise issues if acting as a team physician at 
an educational facility. 

E Effects of both laws have been to legislate protection of 

information that was once a moral and ethical issue for 

health care providers. 


Privacy is a difficult issue due to the public nature of athletic 
events and evaluation done on the field or courtside. All 
attempts to maintain privacy must be attempted. Report- 
ers, scouts, and others may be with the physician on the 
sidelines. 

Professional and college organizations may consider waivers 
to allow certain information regarding athletic injuries or 
illnesses to be discussed with press representatives. 


DRUGS AND THE ATHLETE (2) 





Medications: Prescribing and Dispensing 


Legal medications are generally divided into two groups, 
prescription and over-the-counter (OTC). Prescription 
medications are further divided into controlled substances 
(e.g., narcotics, sedatives), which have a higher potential for 
abuse and misuse, and standard prescription drugs (e.g., 
antibiotics, anti-inflammatory, blood pressure, diabetes 
medications). 

In some states, a special prescription is needed for dispensing 
of the highest level of controlled substances. 

Medication prescribing and dispensing falls under many 
laws including state medical laws, pharmacy laws, and con- 
sumer safety laws. 

The National Collegiate Athletic Association (NCAA) has 
well-referenced specific guidelines regarding dispensing in 
the training room that provides good direction if considering 
dispensing medication (6). 

In general, a physician may prescribe medication or provide 
medications under the state laws, which usually include 
examination of the patient. 


A licensed pharmacist may provide medication as prescribed 
by a licensed physician. 

There are generally strict labeling requirements often 
including the name of the patient, name and strength of the 
medication, directions for use, date dispensed, quantity dis- 
pensed, and warnings of common side effects. In addition, 
many states require the pharmacist to counsel the patient on 
the medication. 

Dispensing medications by individuals not licensed to do 
so, even if OTC, may not be allowed and could open those 
doing so to prosecution under appropriate laws. This may 
also open the individuals to liability for negligence if an 
untoward effect occurs. 


Drug Testing (See Chapter 25) 


The team physician may be asked to participate in drug 
testing program for teams. 

Careful consideration regarding the physician’s role as an 
“enforcer” of rules versus a counselor for medical care must 
be undertaken. 

Proper protection of rights and “due process” of the athlete 
must be maintained. 


E Testing may include recreational as well as performance- 
enhancing drugs. 

E Testing may be voluntary or mandated by certain orga- 
nizations such as the NCAA or International Olympic 
Committee (IOC). 





“CAPTAIN OF THE SHIP” 





Æ Although this doctrine relates to surgeons and assistants, the 
philosophy could be expanded to team physicians and those 
they work with. 

E Choose your partners in sports medical care wisely to avoid 
being drawn into bad situations (1). 





RISK MANAGEMENT (1) 





E Manage risk by being prepared, documenting care, working 
with likeminded professionals, anticipating problems, and 
communicating with athletes and, where appropriate, their 
families. 

E Advice of legal counsel should be sought in planning team 
coverage, in writing contracts, and if any events occur. 


E Bad outcomes often lead to legal actions (lawsuits). 





CASE LAW OF INTEREST TO THE TEAM 
PHYSICIAN 





E Knapp versus Northwestern 1996 (4) 

E A competent, intelligent adult with Division I basket- 
ball skills signs a letter of intent to play with a Division I 
school. 

E Athlete suffers sudden cardiac arrest, is resuscitated, and 
has implantable cardioverter-defibrillator implanted. 

E School’s team physician declares him ineligible quoting 
Bethesda Guidelines. 

E School does provide scholarship, but will not allow him 
to play or practice. 

E Player sues under Rehabilitation Act. 

E District court states school violated Act and must allow 
him to participate. 

E U.S. Seventh Circuit Court of Appeals reversed, stating 
school does have ability to refuse his participation. 

E “.. medical determinations of this sort are best left to 
team doctors.” 

E Kleinknecht versus Gettysburg College, April 27, 1993 (3) 

E Athlete collapses, and coach runs to his side (not trained 

in CPR). 
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E Sends for trainer and to call for help. 

4 Pre-cell phone era, pre—automated external defibril- 
lator era. 

E Student trainer arrives (2 minutes after collapse) but did 
not start CPR because student was breathing. 

E Athletic Trainer, Certified arrives, notes athlete stopped 
breathing, and begins CPR with bystander emergency 
medical technician. 

E Athlete dies, and parents filed wrongful death suit. 

E College filed motion against, which was initially denied 
and then allowed. 

E District court found for the college: 

4 College had no duty to anticipate and guard against the 
chance of a fatal arrhythmia in a young and healthy 
athlete. 





4 Actions taken by school employees were reasonable. . .. Col- 
lege did not negligently breach any duty that might exist. 


E U.S. Court of Appeals overturned finding: 
1 There is a duty of care. 


4 There isa special relationship between athletes and the 
school. 


4 Negligence should be determined by the jury. 


1 Immunity (Good Samaritan law) 





College did not assert defense, but the court found 
that would not have been allowed. 

Commonwealth of Kentucky versus David Jason Stinson, 

September 17, 2009 (8) 


E A 15-year-old high school football player dies of heat 
stroke days after coach had team run wind sprints on hot 
August day. 


E Parents file wrongful death lawsuit against head coach 
and five assistants. 


E Reckless homicide charges are filed against coach. 


E Coach also indicted by Grand Jury for wanton 
endangerment. 


E Coach found not guilty after 2-week trial. 


Jury deliberated 90 minutes. 
E Civil case settled out of court. 
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Orthopedic Sports Medicine 


Terminology 


Scott A. Magnes, Vanessa Lalley, and Francis G. O’Connor 


E One of the challenges facing sports medicine providers is 
the communication barrier that exists when interacting with 
others outside the specialty. Sports medicine has a vocabu- 
lary that is unique, and few health care providers outside of 
the field speak this language fluently. 

The purpose of this chapter is to attempt to make readers 
more fluent in this “language” in order to enhance meaning- 
ful communication. 


E General terminology has been derived from authoritative 
textbooks in the field of sports medicine and related disci- 
plines; specific terminology is referenced from current peer 
reviewed literature (1,3—5,8,10,11,14). 





GENERAL TERMINOLOGY 


E Accessory or supernumerary bone: Develops from separate 
center of ossification from parent bone; may or may not ob- 
tain bony union with parent bone. 

E Active-assisted motion: Range of motion (ROM) of a joint 
that a patient is able to achieve with the assistance of the ex- 
aminer. 

E Active motion: ROM of a joint that a patient is able to 
achieve on his or her own. 

E Allograft: Cadaver graft. 

E Anatomic axis (of lower extremity): Angle formed by inter- 
section of lines through the femoral and tibial shafts with 
patient standing. The difference between the mechanical and 
anatomic axis is usually 5+/—2 degrees. 

Œ Apophysis: Secondary growth center forming bony out- 
growth or contour that remains a part of the native bone 
(e.g., process, tubercle, tuberosity). 

E Apophysitis: Inflammation of an apophysis. 

ŒE Arthritis: Deviation from normal structure and physiology 
of joint tissues; a form of joint disorder that involves inflam- 
mation of one or more joints. 

E Arthropathy: Joint disease; does not specify the type of joint 
disease. 

E Arthrosis: An arthrosis is a joint; an area where two bones 
are attached for the purpose of motion of body parts. 








Atrophy: Muscle “wasting”; loss of muscle mass. 
Autograft: Graft from one’s own body. 


Avascular necrosis (AVN), aseptic necrosis, osteonecrosis: 
Blood supply to affected bone is insufficient, resulting in 
bony necrosis; etiologies include idiopathic, traumatic, ste- 
roids, heavy alcohol use, dysbaric illness (Caisson disease), 
blood dyscrasias (e.g., sickle cell disease), high doses of ra- 
diation therapy, and Gaucher disease. Untreated, the natural 
disease progression is to degenerative joint disease. 
Avulsion fracture: Injury to tendinous insertion site 
where a small piece of bone is fractured in continuity with 
the tendon, rather than rupture at the tendon—bone inter- 
face. 

Bone bruise: Microfractures seen on magnetic resonance 
imaging. This is common with anterior cruciate ligament 
(ACL) injuries; with this injury, the lesions are located on the 
posterior portion of the lateral tibial plateau and the lateral 
femoral condyle. 

Bursitis: Inflammation of a bursa. 

Chondromalacia: Softening or damage to the articular 
cartilage of the patella; diagnosis is made under direct 
visualization at the time of surgery. This term is often used 
to describe similar lesions in other bones. 

Chondrosis: Chondral degeneration. 

Diaphysis: Midshaft, tubular portion of long bone. 
Dislocation: Complete loss of apposition of articulating 
bones that normally comprise a joint. 

Effusion: Excessive fluid within a joint. 

Epiphysis: Center of ossification; longitudinal growth 
center. 

Extension lag: Lack of normal active extension of a joint 
with normal passive extension; usually measured in degrees. 
Flexion contracture: Lack of normal active and passive ex- 
tension of a joint usually measured in degrees. 

Instability: Functional term referring to symptomatic joint 
laxity; may be unidirectional or multidirectional, with the 
etiology being posttraumatic or congenital. 

Laxity: Degree of looseness; usually referring to a ligament. 
Symptomatic laxity is termed “instability.” 

Long bone: Length > width; found in limbs. 
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Mechanical axis (of lower extremity): Angle formed by in- 
tersection of lines drawn from center of femoral head to cen- 
ter of knee joint, and center of knee joint to center of ankle 
with patient standing. 

Metaphysis: The growing portion of a long bone that lies be- 
tween the epiphyses (the ends) and the diaphysis (the shaft); 
consists of cancellous bone. 

Osteochondritis dissecans (OCD): A fragment of subchondral 
bone and its overlying chondral cartilage are separated from the 
underlying bone. The etiology is unclear, but most likely trau- 
matic. Most often, it occurs in the knee, and the most common 
location is the lateral aspect of the medial femoral condyle. 
Osteotomy: Transection of a bone; often refers to the tibia or 
femur to correct for varus or valgus deformities. The surgeon 
alters the mechanical axis of the limb in an attempt to allevi- 
ate malalignment, arthrosis, and pain. 

Passive motion: ROM of a joint performed by the examiner. 
Physis: Growth plate; the segment of a bone that is respon- 
sible for lengthening. There are four zones within the physis: 
the resting cartilage zone, the proliferating cartilage zone, the 
zone of hypertrophy, and the zone of calcification. 
Platelet-rich plasma (PRP): PRP is blood plasma that has 
been enriched with platelets. As a concentrated source of 
autologous platelets, PRP contains (and releases through 
degranulation) several different growth factors and other 
cytokines that stimulate healing of bone and soft tissue. 
Localized injections of autologous blood with a supraphysi- 
ologic concentration of platelets are thought to enhance the 
healing process via a variety of potential mechanisms (13). 
Proprioception: Reflex mechanism whereby position sense 
receptors are able to detect the position of a joint in space 
and therefore provide a coordinated muscular response to 
aid in stabilization of a joint. 

Recurvatum: Hyperextension of a joint. 

Sesamoid bone: Bone located within tendons. 

Short bone: More cuboidal in shape; found in carpus and 
tarsals. 

Sprain: Injury to a ligament(s) around a joint; due to exces- 
sive stress 

Strain: Injury to a muscle or tendon due to excessive stress. 
Stress views: Radiographs used to assess ligamentous integrity 
by stressing the involved ligaments and assessing for increased 
laxity; often compared to the normal contralateral side. 
Subluxation: Partial dislocation of a joint. 

Tendonitis (tendinitis): Inflammation of a tendon. 
Tendonopathy (tendinopathy): Refers to injury or disease of 
a tendon. 

Tendonosis (tendinosis): Tendon degeneration (usually fo- 
cal); suffix “osis” implies a pathology of chronic degenera- 
tion without inflammation (16). 

Tenosynovitis: Tendon sheath inflammation. 

Tensile strength: Maximum stress that a structure can 
sustain before failure. 
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EVIDENCE-BASED MEDICINE 
TERMINOLOGY 





Bias: Deviation of results or inferences from truth; system- 
atic error in the design, conduct, or analysis of a study that 
results in a mistaken estimate of an exposure’s effect on the 
risk of disease. Common forms of bias include selection and 
information bias. 

Confidence interval (CI): Accuracy of the study; the CI is 
the range of high to low values of the data with the true mean 
likely to be in the specified range (usually 90% to 95% CI 
acceptable). A narrow CI is good. If, when evaluating relative 
risk, the CI crosses 1, there is no real difference between 
groups. 

Confounding: A confounding variable (confounder) is an 
extraneous variable that correlates (positively or negatively) 
with both the dependent variable and the independent vari- 
able. Scientific studies therefore need to account for these 
variables either through controls or through statistical 
means; otherwise, an erroneous conclusion can be made that 
the dependent variables are in a causal relationship with the 
independent variable. 

Incidence: The number of new cases of a disease or injury 
that occurs during a specified period of time in a population 
at risk. 

Number needed to harm (NNH): Number of people needed 
to receive treatment to produce an adverse event. NNH = 1/ 
Absolute risk increase. 


Number needed to treat (NNT): Number of people to be 
treated to prevent one more event or adverse outcome. 
NNT = 1/Absolute risk reduction. 


P value: The P value gives the interpreter the probability that 
the study results occurred by chance alone; acceptable P val- 
ues are generally = 0.05 and considered to be statistically 
significant. 

Positive and negative predictive values (Table 4.1): Percent- 
age of patients with a positive or negative test for a disease 
who do or do not have the disease in question. 

Power: The ability of a study to demonstrate an association. 
Power = 1 — Probability of making a type II error; acceptable 
study power is 0.80. 


Table 4.1 


Population at Risk 





Test Results Disease Present No Disease 





Positive A (true positives) B (false positives) 


Negative C (false negatives) D (true negatives) 





Sensitivity = a/(a + c) 

Specificity = d/(b + d) 

Positive Predictive Value = a(a + b) 
Negative Predictive Value = d(c + d) 


CHAPTER 4 


Prevalence: The amount of a disease or injury at a given time 
in a population. 

Sensitivity (see Table 4.1): Percentage of patients with dis- 
ease who have a positive test for the disease in question. 


Specificity (see Table 4.1): Percentage of patients without 
disease who have a negative test for the disease in question. 


Strength of recommendation grades (6): 
E A: Consistent, good-quality, patient-oriented evidence 
E B: Inconsistent or limited-quality, patient-oriented evidence 


E C: Consensus, disease-oriented evidence, usual practice, 
expert opinion, or case series for studies of diagnosis, 
treatment, prevention, or screening 


Study (evidence) quality: 


E Level 1: Good-quality, patient-oriented evidence (sys- 
tematic review, randomized controlled trial) 


E Level 2: Limited-quality, patient-oriented evidence with 
inconsistent results/findings (case-control or cohort 
studies) 


E Level 3: Other evidence (i.e., consensus guidelines, disease- 
oriented evidence, and case series) 


Type I error: A type I error occurs in statistics when an 
association is demonstrated, but one does not actually exist. 
Probability of type I error is a. Studies generally need an a of 
0.05 to minimize risk for a type I error. 


Type II error: A type II error occurs when no association is 
demonstrated, but one actually exists. This generally occurs 
because of too few subjects or because a study has inadequate 
power to detect a difference. Probability of type II error is B. 
Studies generally need to be powered to at least 0.80 (1 — B) 
to avoid a type II error. 


Types of studies 


E Cohort: Observation of a population subset to determine 
incidence/mortality rates. 


E Case-control: Observation of population with disease 
versus those without disease. 


E Cross-section: Relationship between disease and other 
variables as they exist in a population at a particular 
time. 


E Double-blind trial: Where both the subjects and the 
observers in contact with the subjects are kept ignorant 
of study interventions. 

E Randomized controlled trial: Subjects in a population are 
randomly allocated into groups. 

E Randomized controlled, double-blind trial: Gold standard 
for research. 

Validity: The validity of a test is defined as its ability to 

distinguish between who has a disease and who does not. 

Variable: Variables are used in experiments to observe re- 

lationships and effects. The dependent variable is the event 

studied and expected to change whenever the independent 
variable is altered. 
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TERMINOLOGY REFERRING TO 
FRACTURES 





Alignment: Relationship of the longitudinal axis of one frac- 
ture fragment to another. 

Angulation: Position of distal fracture fragment in rela- 
tion to the proximal fragment or direction of the apex 


of the angle formed by the fracture fragments (e.g., apex 
dorsal). 

Apposition: Contact of the ends of the fracture fragments. 
Avulsion: Bony fragment is pulled away from its native bone 
by muscle contraction (e.g., mallet finger) or a passive op- 
posing force to a ligament (e.g., tibial avulsion fracture of 
ACL). 


Butterfly fragment: Wedge-shaped fracture fragment that is 
separated from the main fracture fragment in a comminuted 
fracture. 

Closed: Intact skin. 

Comminuted: More than two fracture fragments. 
Compression: Usually refers to vertebral fracture where im- 
paction occurs. 

Delayed union: Failure of union in the duration of time that 
healing usually takes place for that bone. 

Depression: An impaction-type fracture where the hard 
surface of one bone is driven into a second softer surface of 
bone (e.g., tibial plateau fracture). 


Diastasis: Abnormal separation of two bones (e.g., symphysis 
pubis diastasis secondary to ruptured ligaments, widened ankle 
mortise secondary to syndesmosis disruption). 


Displacement: Degree of loss of anatomic position. 


Distraction: Opposing ends of fracture fragments are not 
in contact (eg., secondary to musculotendinous forces, 
interposed soft tissue); suboptimal for fracture healing. 


Extra-articular: Does not penetrate the joint. 


Fibrous union: Healing with fibrous tissue rather than bony 
callus to stabilize fracture. 


Fracture (fx or #): Complete or incomplete discontinuity 
(“break”) of bone or cartilage. 


Impaction: One fracture fragment is forcibly driven (tele- 
scoped) into another adjacent fragment (e.g., Colles’ fracture). 


Incomplete fracture: Only one cortex of the bone has been 
broken and the other remains intact. 


Intra-articular: Involves articular surface of a joint. 
Malunion: Healing of the fracture in an unacceptable 
position. 

Nonunion: Failure of bony union with cessation of healing 
process. 

Oblique: Fracture line is oblique to the long axis of the 
bone. 

Open: Fracture site communicates with ambient environ- 
ment (old term was “compound”). 
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Pathologic: Fractures occurring in bones that have been 
weakened by disease (e.g., osteoporosis leading to hip fractures). 
Pseudoarthrosis: Nonunion of a fracture resulting in a “false 
joint,” where cartilaginous tissue forms over fracture and fills 
with fluid. 

Remodeling: Reshaping and reorganizing repair tissue to 
complete successful healing; occurs in skeletally immature 
patients with healed fractures such that future bony growth 
will serve to correct bony deformity if it is not rotational 
in nature. Potential for remodeling is greatest in younger 
children, with fractures occurring in close proximity to 
the physis, and if the bony displacement is in the plane of 
motion of the affected joint. 


Rotation: Degree of revolution about the central axis of one 
fracture fragment relative to another. 


Segmental: Comminuted fracture where a long bone is sepa- 
rated into at least three segments. 


Spiral: Caused by a torsional force and is akin to an oblique 
fracture that encircles the long bone. 


Transverse: Fracture is perpendicular to the long axis of the 
bone. 


Union: Healing of fracture. 





FRACTURE EPONYMS 





Aviator’s astragalus: General term referring to fracture or 
fracture-dislocation involving the talus. 


Barton’s fracture: Dorsal articular margin fracture of the 
distal radius. 


Bennett’s fracture: Triangular-shaped intra-articular frac- 
ture involving the radial portion of the base of the thumb 
metacarpal with proximal dislocation of the metacarpal shaft. 


Boxer’s fracture: Fracture of the neck of the small metacarpal. 
This term is often incorrectly used to describe a similar frac- 
ture in other metacarpal bones. 


Chance fracture: Usually caused by a flexion injury to the 
spine resulting in a sagittally oriented fracture through 
the posterior spinous process and neural arch exiting the 
superior articular surface of the involved vertebral body just 
anterior to the neural foramina (spinal canal). 


Chauffeur’s fracture: Triangular-shaped oblique articular 
fracture involving the radial portion of the distal radius. 


Chopart’s fracture and dislocation: Injury involving the mid- 
tarsal joints (talonavicular and calcaneocuboid) of the foot. 
Clay-shoveler’s fracture: Fracture of the posterior spinous 
process(es) of the lower cervical and/or upper thoracic 
vertebrae. 

Colles’ fracture: Comminuted fracture of the distal radius 
occurring in osteopenic bone as a result of a fall on an out- 
stretched hand, resulting in dorsal angulation of the fracture 
fragments. 


Dashboard fracture: Posterior wall acetabular fracture. 
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Essex-Lopresti fracture: Comminuted radial head fracture 
with associated dislocation of the distal radioulnar joint. 


Galeazzi fracture: Radius fracture at the junction of the 
middle and distal thirds with concomitant subluxation of 
the distal ulna. 


Greenstick fracture: Incomplete, angulated fracture that oc- 
curs in skeletally immature patients that results in “bowing” 
of the affected bone, with the affected cortex always occurring 
on the convex surface. 


Jones fracture: Fracture of the base of the small meta- 
tarsal occurring at the metaphyseal-diaphyseal junction. 
The significance is that this is a vascular “watershed” area 
resulting in an increased propensity to nonunion requiring a 
short leg cast and non—weight bearing. 


Lisfranc fracture/dislocation: Occurring at the tarsometa- 
tarsal joint of the foot. There are two types: homolateral (all 
rays dislocate laterally) and divergent (lesser rays are dislo- 
cated laterally). 


Maisonneuve fracture: Fracture of the proximal one-third 
of the fibula associated with rupture of the tibiofibular syn- 
desmosis and fracture of the medial malleolus or rupture of 
the deltoid ligament. 


Mallet finger (baseball finger): Flexion deformity of the 
distal phalanx resulting from a separation of the common 
extensor tendon at its insertion at the dorsal base of the distal 
phalanx with or without an avulsion fracture. 


March fracture: Stress or fatigue fracture usually referring to 
the metatarsals. 


Monteggia fracture: Fracture of the proximal third of the 
ulna with anterior dislocation of the radial head. 


Nightstick fracture: Fracture of the ulnar shaft. 


Piedmont fracture: Isolated, closed fracture of the radius at 
the junction of the middle/distal thirds. 


Rolando fracture: Y-shaped intra-articular fracture at the 
base of the thumb metacarpal. 


Segond fracture (lateral capsular sign): Avulsion fracture of 
the lateral capsule off the lateral tibial plateau associated with 
an ACL injury. 

Torus fracture (“buckle” fracture): Incomplete fracture 
with “buckling” of one cortex predominantly in skeletally 
immature patients. It usually occurs with a fall on an out- 
stretched hand and is a stable fracture. 





CLASSIFICATION SYSTEMS 





Acromioclavicular joint injuries 

E Type I: Acromioclavicular (AC) ligament sprain 

E Type IL Partial tear of the AC ligament; sprain of coraco- 
clavicular (CC) ligaments 

E Type II: AC and CC ligaments disrupted with superior 
displacement of the clavicle < 100% of the width of the 
clavicle 
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E Type IV: AC and CC ligaments disrupted with clavicle 
displaced into or through trapezius 

E Type V: As in type II, except that clavicle is displaced 
superiorly 100%-300% 

E Type VI: AC and CC ligaments disrupted with clavicle 
displaced inferiorly 

Acromion morphology: Bigliani et al. (2) described the 

morphology of the acromion. It is felt that increasing curva- 

ture is associated with higher risk for rotator cuff pathology 

and “impingement.” The classification system is based on 

morphology of the acromion as seen on the supraspinatus 

outlet (SSO) view radiograph. The increased curvature is 

most often associated with arthrosis of the acromion. 

E Type 1: Flat acromion 

E Type 2: Curved acromion 

E Type 3: “Hooked” acromion 

Articular cartilage lesions: Outerbridge (12) published his 

classification system for chondromalacia patellae. Today, it 

is used to classify chondrosis throughout the knee and other 

joints, as well. 

E Modified Outerbridge Classification 

4 Grade 1: Cartilage softening and swelling 

4 Grade 2: Fragmentation and fissuring < 1 cm in 
diameter 


4 Grade 3: Fragmentation and fissuring > 1 cm in diameter 





4 Grade 4: Erosion of cartilage to bone (i.e., full-thickness 
damage) 


American Medical Association Ligament Injury Classification 


E Grade 1: Minor tearing without increase in translation of 
affected joint (with laxity testing on physical examination) 


E Grade 2: Partial tear with mild-moderate increased 
translation 


E Grade 3: Complete tear with marked increase in translation 


Degenerative knee changes: Fairbank (7) described changes 
commonly used to grade osteoarthritis of the knee. 


E Grade 0: normal 


E Grade 1: osteoarthritic changes from margin of femoral 
condyles 


E Grade 2: joint space narrowing 
E Grade 3: flattering of the femoral condyle. 


Laxity: Looseness, usually referring to a ligament compared 
with the normal contralateral side. 


E Grade 1 (1+): up to 5mm 

E Grade 2 (2+): 6-10 mm 

E Grade 3 (3+): >10 mm 

Nerve injuries (Seddon Classification) (15) 





E Neurapraxia: No structural damage to nerve with com- 
plete recovery expected. Although the integrity of the 
axon is preserved, there is disruption of conduction 
due to derangement of axonal transport and selective 
demyelination. 
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E Axonotmesis: Disruption of the axon and myelin sheath 
with resulting degeneration of the axon distal to the site 
of injury; intact endoneurium provides a guide for axonal 
regeneration with recovery expected. 


E Neurotmesis: Partial or complete tear of nerve with dis- 
ruption of axon, myelin sheath, and connective tissue 
elements; recovery not expected. 


Nerve injuries (Sunderland Classification) (17) 
E Type 1: Neurapraxia: same as Seddon Classification 
E Type 2: Axonotmesis: same as Seddon Classification 


E Type 3: Neurotmesis: loss of nerve fiber continuity with 
perineurium and epineurium intact 


E Type 4: Neurotmesis: loss of nerve fiber continuity with 
only epineurium intact 


E Type 5: Neurotmesis: complete transection of nerve 

Strain (classification) 

E First degree: Minimal damage to the muscle, tendon, or 
musculotendinous unit 

E Second degree: Partial tear to the muscle, tendon, or mus- 
culotendinous unit 

E Third degree: Complete disruption to the muscle, ten- 
don, or musculotendinous unit 





FITNESS TERMS (9) 





Active commuting: Traveling to or from work or school by 
means involving physical activity. 

Biomarkers: Specific biochemical indicator of a biologic 
process, event, or condition (e.g., disease, aging). 
Cardiometabolic: Factors that are associated with increased 
risk of cardiovascular disease and metabolic abnormalities 
(i.e., obesity, insulin resistance, glucose intolerance, and type 
2 diabetes). 


Energy expenditure: The total amount of gross ener- 
gy expended during exercise, including the resting energy 
expenditure (resting energy expenditure + exercise energy 
expenditure). Energy expenditure may be calculated in met- 
abolic equivalents (METs), kilocalories, or kilojoules. 
Exercise: Physical activity that is planned, structured, and 
repetitive and that has final or intermediate objective to im- 
prove or maintain physical fitness. 


MET: An index of energy expenditure. MET is the ratio of 
the rate of energy expended during an activity to the rate of 
energy expended at rest (1 MET = the rate of energy expen- 
diture while sitting at rest, which is equal to oxygen uptake of 
3.5 mL : kg™' + min“'). 

MET-minutes: Index of energy expenditure that quan- 
tifies the total amount of physical activity performed in 
a standardized manner across individuals and types of 
activities (METs X minutes). Usually standardized per 
week or per day. 
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Physical activity: Any bodily movement produced by skel- 
etal muscles that results in energy expenditure above rest- 
ing (basal) levels; encompasses exercise, sports, and activities 
as part of daily living, occupation, leisure, and active 
transportation. 

Physical fitness: The ability to carry out daily tasks with 
vigor and alertness, without undue fatigue, and with ample 
energy to enjoy leisure pursuits and to meet unforeseen 
emergencies. Physical fitness is a set of measurable health 
and skill-related attributes that include cardiorespiratory fit- 
ness, muscular strength and endurance, body composition 
and flexibility, balance, agility, reaction time, and power. 
Physical function: The capacity of an individual to carry out 
the physical activities of daily living. Reflects motor function 
and control, physical fitness, and habitual physical activity. Is 
an independent predictor of functional independence, dis- 
ability, morbidity, and mortality. 

Sedentary behavior: Activity that involves little or no move- 
ment or physical activity. Energy expenditure of 1-1.5 METs 
(e.g., sitting, watching television, playing video games, com- 
puter use). 
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SKELETAL MUSCLE PHYSIOLOGY 





Skeletal Muscle Fibers 


Basic Units 


The basic units of skeletal muscle include sarcomeres, myofil- 
aments, myofibrils (basic units of contraction), muscle fibers 
(cells), fascicles (bundles of about 150 muscle fibers each), 
and a muscle (Fig. 5.1). Sarcomeres, areas from Z line to Z line 
and functional contraction units of myofibrils, contain two 
types of myofilaments: thick (myosin) and thin (actin) myo- 
filaments, which are repeated throughout muscle myofibrils. 


Other structures within sarcomeres are I bands, A bands, 
H zones (absence of actin), and M bands (sarcomere’s center). 
Transverse tubules (T tubules; see Excitation-Contraction 
Coupling), found at the A-I junction of sarcomeres, and 
the sarcoplasmic reticulum (SR) are the primary regulators 
of calcium influx into muscle units. The sarcolemma is the 
muscle cell membrane. 


Satellite cells are muscle “stem” cells. They are activated to a 
full cell cycle from the quiescent state in response to heavy 
resistance training and cell damage. Activation of satellite 
cells is necessary for normal growth and regeneration of 
tissue damage. Insulin growth factor-1 (IGF-1) is a primary 
regulator of satellite cells (27,28). 


Muscle Proteins 


Key muscle proteins include actin, myosin, troponin, and 
tropomyosin. Actin and myosin constitute myofilaments 
within myofibrils; myosin is the site of adenosine triphos- 
phate (ATP) binding. Troponin complexes on actin mole- 
cules are the calcium binding sites for initiating contraction. 
Tropomyosin, found in thin filaments of muscle fibers, 
inhibits contraction until modified by troponin. 


Muscular Contraction 


Motor Neurons 


Alpha and gamma motor neurons initiate and regulate mus- 
cle contraction. Alpha motor neurons initiate contractions 


The opinions and assertions expressed herein are those of the authors 
and should not be construed as reflecting those of the Uniformed 
Services University of the Health Sciences or the Department of Defense. 








in contractile (extrafusal) fibers, whereas gamma neurons 
innervate muscle spindle (intrafusal) fibers of muscle. 


Motor Unit 


Motor units (basic functional unit of movement) consist of 
alpha motor neurons, synaptic junctions (motor endplate), 
and the muscle fibers they innervate. 


One motor neuron can innervate 10 to several thousand 
muscle fibers. Release of acetylcholine by neurons initiates 
contraction, and degradation of acetylcholine by cholines- 
terase terminates action potentials. 


Excitation-Contraction Coupling 


Muscle contraction is triggered by an electrical impulse in- 
volving acetylcholine release, arrival of the impulse at the 
sarcolemma (after crossing the synaptic junction), and sub- 
sequent entry of calcium into myofibrils. Electrical impulses 
travel quickly into the interior of muscle cells, down the 
T tubules with release of calcium from the SR to myofibrils. 


Once calcium stores are released from the SR, a nonstop- 
pable contraction is initiated: Calcium entry activates cross- 
bridge linkages and contraction of sarcomeres. 


Sliding-Filament Theory: This theory states that muscle con- 
traction occurs when two major myofilaments (actin and 
myosin) slide past one another through a series of cross- 
bridge linkages. Myosin crossbridge linkages combine, de- 
tach, and recombine in an oscillatory pattern such that at 
any point in time about 50% of myosin heads are attached to 
actin binding sites. No myofilament actually changes length. 
All or None Law: A motor neuron initiating an action 
potential will contract all muscle fibers innervated by 
that motor neuron simultaneously. Muscle fibers achieve 
gradation of contraction strength by recruiting fewer or 
more motor neurons to initiate contraction and/or by 
changing the frequency of action potentials to sustain 
contractions. 


Sensory Receptors 


Muscle Spindles: These specialized intrafusal muscle fibers 
are located between and among extrafusal fibers deep within 
the interior of muscles. These proprioceptors sense and relay 
the length or velocity of muscle movement (e.g., patellar 
reflex). 

Golgi Tendon Organs: These sensory organs detect differences 
in tension and muscle length. Although quiescent during 
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Figure 5.1: Basic anatomy and structure of skeletal 
muscle. Reprinted with permission from http:// 
www.medicdirect.com and http://www.medicdirect.co.uk. 
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periods of slow to moderate muscle activity, they increase characteristics, and functional capacity (17—19,23,24,27) 
discharge when muscle load is excessive; they protect against (Table 5.1). 
injury due to overloading. E Human muscle fiber types include Type I, Ila, and IIx, due 
to the expression of different myosin heavy chain (MHC) 
Skeletal Muscle Fiber Types forms (18,21,22,24). 
E Skeletal muscle fiber types are characterized by differences E Distribution of Type I (slow twitch) and Type II (fast twitch) 
in morphology, histochemistry, enzyme activity, surface fibers within normal populations depends on many factors 
Characteristics of Major Skeletal Muscle Fiber Types* 
Fiber Characteristics Slow Twitch Fast Twitch 
Type | Type lla Type Ilx 
Other Terminology Slow Oxidative (SO) Fast Oxidative Glycolytic (FOG) Fast Glycolytic (FG) 
Aerobic Capacity High Med/High Low 
Glycolytic Capacity Low High High 
Myoglobin Content High Med Low 
Color Red Red Pink/White 
Fatigue Resistance High Med Low 
Glycogen Content Low Med High 
Triglyceride Content High Med Low 
Time to Peak Tension Slow Med High 
Myosin ATPase Activity Low Med Med 
Myosin Heavy Chain (MHC) MHCIB MHCIla MHCIIx 
Tension Cost* Low Med Med 
ATP/ADP Low Med Med 





ADP, adenosine diphosphate; ATP, adenosine triphosphate; Med, medium. 

This chart represents current nomenclature for human skeletal muscle fiber types. Type IIb human muscle fibers are currently referred to as Type IIx because of the MHCIIx 
isoform found in human muscle. Type IIb muscle fibers are found in rodents and other species, with MHCIIb (19,21—23). 

*Tension cost = ATPase activity to isometric tension ratio. 


and shows extraordinary adaptive potential in response to 
innervation/neuronal activity, hormones, neural signaling, 
training, functional demands, and aging (19). 

Muscle fiber types appear to change in response to these 
effectors in a sequential manner from either slow to fast or 
fast to slow (6,8,19). 





BASIC DEFINITIONS IN 
EXERCISE PHYSIOLOGY 





Pulmonary Ventilation 


Minute ventilation (VE) is the total volume of air moved 
into and out of the lungs each minute; it is a function of tidal 
volume (Vr) and respiratory rate (fg). 

At rest, VE is between 5 and 7 L - min™', whereas during 
exercise it increases to between 60 and 180 L - min (1, 
depending on the health of the person (Fig. 5.2). Vy increases 
by expanding both inspiratory and expiratory volumes; these 
“extra” volumes are called inspiratory and expiratory reserve 
volumes (IRV and ERV), respectively. The increase in Vy 
allows VE to increase 5- to 10-fold during exercise. An in- 
crease in fg further augments VE (1,2,26). 


Maximal Voluntary Ventilation (MVV) 


MVV is the volume of air exchanged during repeated maxi- 
mal respirations in a specified time (10—15 seconds). It is ex- 
pressed as L - min”! and represents a measure of maximum 
breathing capacity for comparing to maximal VE during 
exercise (V Emax). 


Breathing Reserve (BR) 


BR is the difference between MVV and VE max and is sometimes 
expressed as VEmax/ MVV; it is the additional ventilation avail- 
able during maximal exercise. If a person achieves maximal 





60 

—@— Breaths ~ 
£ 
—F— Tidal Volume S 
2 50 o 
Z = 
= < 
xc 40 he 
s ~ 
Q 
s $ 
30 3 
> 
a 
3 
20 e 

80 100 120 140 160 180 

Heart Rate 


CHAPTER 5 Basics in Exercise Physiology 23 


work capacity prior to attaining MVV, the person has a nor- 
mal BR, whereas if MVV = VE, the person may have compro- 
mised pulmonary function. A typical BR is 11 L + min™t, with 
normal VEmax/ MVV ranging between 60% and 75%. 


Oxygen Uptake (VO,) 


Oxygen uptake (VO,), based on the Fick equation, can be ex- 
pressed as: VO, = CO X (a — vO») = HR X SV X (a — vO»), 
where CO is cardiac output, a — vO, is arteriovenous O, con- 
tent difference, SV is stroke volume, and HR is heart rate. For 
an average 70-kg adult, CO is about 5 L- min”! at rest and can 
increase to 20 to 30 L + min”! during strenuous exercise. 
VO), determined during exercise by measuring respiratory 
gases, is related to the fractional percent of O, in inspired 
and expired air and VE. Inspired air contains 20.93% O, and 
expired air around 17.0%. 

VO, is usually expressed in absolute units (L + min~') or rel- 
ative to body weight (mL -kg~' + min™'). Resting VO, ranges 
from 0.25 to 0.4 L- min ', and maximal exercise VO, values 
can exceed 5.0 L + min”! (15-70 mL- kg”! + min™') (Fig. 5.2). 
Higher relative values indicate higher aerobic fitness. 


Carbon Dioxide Production (VCO,) 


Carbon dioxide (CO2) is produced metabolically in tissues, 
transported in blood by venous return to the lung, and elimi- 
nated from the lung by breathing (VE). Inspired air contains 
0.03% CO; and expired air about 5% CO3. 

Like VO,, VCO; is usually expressed as L + min™! or mL: kg™!- 
min '. Resting and strenuous exercise values depend on me- 
tabolism and pulmonary function, but resting values are less 
than VO). 


Lactate 


VO2: Oxygen Uptake (mi/kg/min) 


Lactate, a product of glycolysis, is formed from pyruvate in 
the recycling of nicotinamide adenine dinucleotide (NAD+), 
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Figure 5.2: Tidal volume and breathing rate (left panel) and oxygen uptake and minute ventilation (right panel) in response to 
progressive maximal treadmill exercise. Dotted line through VE in right panel indicates departure from linearity. 
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or when the rate of pyruvate formation in the cytosol exceeds 
its rate of use by mitochondria. Lactate formation depends on 
the availability of pyruvate and NADH. 

ŒE Blood lactate at rest is 0.8 to 1.5 mM, but can exceed 18 mM 
during intense exercise. 

Œ Muscle cells release lactate into the circulation during exer- 
cise, where it becomes a fuel for the heart and nonexercising 
muscles. Lactate released from the muscle can be converted 
to glucose in the liver by the Cori cycle. 


Oxygen Pulse (O, pulse) 


E O, pulse (mL - beat™'), or the ratio of VO, (mL - min™') to 
heart rate (bpm) when both measures are obtained simulta- 
neously, is the product of stroke volume and a — vO, differ- 
ence [see equation under Oxygen Uptake (VO,)]. 

E O, pulse increases with increasing work effort (range 4-30 mL - 
beat!) and is affected by various factors, including anemia 
and heart disease. A low value during exercise indicates heart 
rate is too high for VO, and may suggest heart disease (26). 


Respiratory Quotient (RQ)/Respiratory 
Exchange Ratio (RER) 


E RQ, the ratio of CO, produced by cellular metabolism to O3 
used by tissues, is used to quantify the relative amounts of 
carbohydrate and fatty acids being oxidized for energy. The 
RQ cannot exceed 1.0; an RQ of 0.7 implies dependence on 
free fatty acids, and a value of 1.0 indicates dependence on 
carbohydrate. 

E RER represents pulmonary exchange of CO, and O; at rest and 
during exercise; it ranges between 0.7 and 1.0 during steady state 
exercise. RER often exceeds 1.0 during strenuous exercise be- 
cause of increasing metabolic activity not matched by VO, and 
additional CO, derived from bicarbonate buffering of lactate. 

E The terms RQ and RER are often used interchangeably, but 
their distinction is important. 


Ventilatory Equivalents (VE/VO, and VE/VCO,) 


E Ventilatory equivalents are unitless numbers derived from 
the ratio of VE to VO, and VCO. VE/VO, indicates the 
volume (L) of air required to use 1 L of O, and VE/VCO, 
indicates the appropriateness of ventilation (L of air required 
to remove 1 L of CO3). 

E During maximal exercise testing, VE is linearly related to 
VO, and VCO,, but at high exercise intensities, VE increases 
more rapidly than VO,, and thus VE/VO, begins to increase, 
which is followed by an increase in VE/VCO). These increases 
reflect respiratory compensation for the corresponding rise 
in blood lactate (26). 


Maximal Heart Rate 


E The highest heart rate achieved during a standardized maxi- 
mal exercise test is the maximal heart rate. If an exercise test 
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is not possible, then age-predicted heart rate formulas can be 
used. Two formulas for maximal heart rate are 208 — 0.7 X 
age and 220 — age. 

E The first formula, 208 — 0.7 X age, is being recommended 
by the American College of Sports Medicine® (1) because it 
is more accurate for persons up to 80 years and independent 
of gender and habitual physical activity (25). 

E An estimated maximal heart rate may be 5%-10% (10- 
20 bpm) higher or lower than the actual value. 


Heart Rate Reserve (HRR) 


E The difference between maximal heart rate during maximal 
exercise and resting heart rate is the HRR. If maximal heart 
rate is 205 bpm and resting heart rate is 55 bpm, then HRR 
would be 205 — 55 = 150 bpm. The smaller the difference, 
the lower is the reserve and the narrower is the range for 
exercise. 


Target Training Heart Rate 


E A training program requires calculating a target heart range. 
To calculate the lower and upper target heart rates of the 
range, 60%—90% of maximal heart rate or 50%-85% of HRR 
can be used. For the first approach, the lower 60% and the 
upper 90% of the target heart rate range are determined as: 


0.60 X maximal heart rate (bpm) and 0.90 X maximal 
heart rate (bpm) 

E For the HRR or Karvonen formula, which may be a more 
valid approach, 50% and 85% of HRR are used for the lower 
and upper range: 

0.50 X HRR + resting heart rate and 0.85 X HRR + resting 
heart rate 


Muscular Contractions 


Isometric/Static Contractions 

E Isometric contractions refer to muscle fiber recruitment: 
No change in fiber length takes place, and no joint or limb 
motion occurs. Examples of isometric contractions are a 
person holding a weight in a particular position and postural 
stability. 


Isotonic/Dynamic Contractions 

E Isotonic contractions are when muscle fibers change length 
and movement at joints occurs. Specific types of dynamic 
contractions include concentric, eccentric, and isokinetic. 

E Concentric contractions are movements where muscle fibers 
shorten as the muscle contracts, such as when a weight is 
being lifted. This is also known as positive work. 

Œ When the direction is reversed and the weight is lowered, 
the contraction becomes an eccentric contraction (negative 
work), where muscle fibers lengthen as the muscle contracts. 
More fast twitch motor units are activated during eccentric 
contractions. 


Isokinetic Contractions 


E Isokinetic machines make these contractions possible: The 
muscular movement is performed at constant speed against 
a variable resistance. The applied resistance during the con- 
traction is increased or lowered at various points across the 
full range of motion so a constant speed of movement can be 
maintained. Diagnostic strength equipment uses isokinetic 
tension to make more accurate measurements of strength at 
varying joint angles. 


Borg Scale or Rating of Perceived 
Exertion (RPE) 


E An RPE scale is used by an individual to rate his or her own 
“degree of physical strain.” The original Borg scale ranges from 
6 to 20, with each number anchored by a simple verbal expres- 
sion (no exertion at all to maximum exertion). Also, a per- 
son exercising at 130 bpm is expected to report an RPE of 13, 
whereas a person exercising very strenuously and reporting an 
RPE of 19 is expected to have a heart rate around 190 bpm. 





MEASUREMENTS OF ENERGY, WORK, 
AND POWER 





Definitions of Energy, Work, and Power 


E Physical exercise involves both mechanical and chemical 
work by the muscles; the degree of muscular effort depends 
on duration, frequency, and intensity. Together, these define 
energy, work, and power. 

E Energy: The capacity to do work, with energy measured 
in joules (J): 4.186 J = 1 X 10~* kcal and 1 J = 2.3889 X 
10“ kcal. 

E Work: Whena force acts against resistance to produce motion: 
Force X Distance. Work is often expressed in kilogram- 
meters or kgm, where 1 kcal = 426.85 kgm = 4.186 kJ. 

Power: Rate at which work is performed or the rate of 
energy transfer: Work/Time. Power is usually expressed as 
watts (W), where 1 W = 1J- s~}; 6.12 kpm - min”; and 
0.01433 kcal - min™'. 


Energy Expenditure (EE) 


E EE is usually determined by direct or indirect calorimetry. 
For direct calorimetry, both external work and heat output 
are measured, and heat production is used as an estimate of 
metabolic rate. For indirect calorimetry, either open or closed 
circuit spirometry can be used. With open circuit spirometry, 
VO, and VCO, are measured and the RER is calculated. 

E To derive EE, add 4 to RER and then multiply by liters of 
O,- min”! or (4 + RER) X O, - min™’. For example, if 
VO, and RER determined from gas analysis were 0.3 L of 
Oz: min“! and 0.75 at rest and 2.5 L: min™' and 0.95 during 
exercise, then EE at rest would be (4.0 + 0.75) X 0.3 = 
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1.4 kcal - min! and EE during exercise would be (4.0 + 0.95) 
X 2.5 = 12.4 kcal - min '. Net EE would be 12.4 — 1.4, or 
11.0 kcal - min™!. 


E EE can also be estimated from VO, by assuming 1 L of O» 


is approximately 5 kcal. If resting VO, was 0.3 L - min™', 


energy costs would be (0.3 X 5) 1.5 kcal + min™!. 


Work Efficiency 


E Gross work efficiency is the ratio of mechanical work output 
to energy expended; it typically ranges between 15% and 30%. 
Net work efficiency is the ratio of mechanical work output to 


total energy expended minus resting EE. 


E Example: A woman with a resting VO, of 0.3 L -+ min”! 


rides a cycle ergometer for 30 minutes at 150 W (1 W = 

0.01433 kcal - min™!) and uses 2 L O; - min 1. 

E Mechanical work output: 150 W X 0.01433 = 2.1 kcal - 
min! or 63 kcal. 

E Total energy expended: 2 L > min™' ~ 10 kcal - min™! X 
30 = 300 kcal. 

E Gross efficiency: 63/300 = 21%. 

E Resting EE: 1.5 kcal - min ', or total of 45 kcal. 

E Net efficiency: 63/(300 — 45) = 24.7%. 

E Factors influencing exercise efficiency include work rate, 
speed of movement, muscle fiber composition, and various 
biomechanical factors, such as equipment and clothing. 


Exercise Economy 


E Economy of movement is the efficiency of converting metabol- 
ic power into mechanical power/velocity. It is defined in terms 
of VO, (energy required) for a specific power output or veloc- 
ity (mL: min“! - W~! or mL: kg"! - min“! to km: min“! or 
mile - min` t). The more efficient a person is, the more power/ 
velocity he or she can generate for the same VO, cost. 

E Selected factors affecting economy include age; body mass; 
heart rate; ventilatory rate; basal metabolic differences; leg 
length, stride frequency, and other biomechanical variations; 
shoes for running; aerodynamic positioning for cycling; and 
velocity. Values may range from 200 to 350 mL: kg! + km™! 
for running and 10-15 mL - W~! for cycling (10). 


Metabolic Energy Equivalents (MET) 


E MET is the energy cost of activities in multiples of resting 
metabolic rate. If 1 MET (resting metabolic rate) is taken as 
3.5 mL of O; : kg~!+ min™!, then 3 MET would be 10.5 mL - 
kg”!- min” '. These units are used by the Centers for Disease 
Control and Prevention to recommend exercise intensity. 

E Energy expenditure for activities such as eating, dressing, and 
walking around the house range from 1 to 4 MET, whereas 
the cost of climbing a flight of stairs, walking on level ground, 
scrubbing floors, or playing a game of golf ranges from 4 to 
10 MET. Strenuous sports, such as swimming, singles tennis, 
and football, often exceed 10 MET. 
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BASIC CONCEPTS IN AEROBIC AND 
ANAEROBIC EXERCISE 





Maximal Aerobic Power 


E Maximal aerobic power, or VOzma» is the greatest amount of 
O; a person can consume during physical exercise. It charac- 
terizes the functional capacity of the cardiovascular, pulmo- 
nary, and O, transport systems, and is considered “power” 
because it is a rate: L of O, - min !. 

E If two individuals had absolute VOoma, values of 4.2 and 
3.2 L - min“! and both weighed 70 kg, then normalizing for 
body weight would yield values of 60 and 45.7 mL - kg"! - 
min |, respectively. If person 1 weighed 70 kg and person 
2 weighed 53 kg, then normalized VOomax values would be 
60 mL - kg™' min“! for both persons. VOomax values above 
50 mL - kg"! + min! are considered high. 


Testing for Maximal Aerobic Power 


E The best tests for measuring VOomax are incremental and 
progressive tests. 

E VOma is measured by treadmill walking/running, cycle or 
arm ergometry, and step tests. 

E Requirements for a valid maximal exercise test are as follows: 
standardized test conditions, involvement of large muscle 
groups, measurable and reproducible rates of work, little or 
no skill required, and tolerated by most people. Also, motiva- 
tion should not be a major factor. 

E Concept of plateau: During a progressive exercise test, when 
a step increase in work results in either no or a minimal 
increase in VO,, then VO, has begun to level off. The leveling 
off or plateauing effect is considered the single best criterion 
for attaining a true VOomaxe 

E Criteria for achieving VOomax: Lf a leveling off or plateauing 
of VO, is not seen, then at least two of the following crite- 
ria should be met for a true VOomax test: blood lactate levels 
above 7 or 8 mM; heart rate equal to or within 15 beats of 
the age-estimated maximal heart rate; RER = 1.15; and/or 
RPE = 17. 

ia VOppeak! When an exercise test is terminated and the criteria 
described are not met, the highest VO, achieved is referred to 
as VO, peak (VOzpeak). 

E Ventilatory threshold: The point where VE begins to increase 
disproportionately to VO, during incremental exercise testing. 

E VOma can be estimated by using the linear relation between 
heart rate and VO). Heart rates at submaximal work rates 
can be plotted against VO,, and then estimated maximal 
heart rate can be used to extrapolate to VOomax. Cycle tests 
are most appropriate because VO, values can be defined as a 
function of watts (Table 5.2). Walking tests, step tests, endur- 
ance runs, and nonexercise data can also be used to estimate 
VOsmaxe Potential errors exist for all of these estimates, and 
care must be taken when interpreting these data. 
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Table 5.2 | Expected VO, Values at Designated 
Power Between 1 and 3 Minutes with 


Cycle Ergometry 








Power (Watts) Approximate Oxygen Uptake (L - min™') 

50 0.9 
100 1.5 
150 2A 
200 2.8 
250 39 
300 4.2 
350 50 
400 5:7 





Determinants of and Factors Affecting V Omax 


E Intrinsic and extrinsic factors: Intrinsic factors affecting 
VOomax include genetics, gender, body composition/muscle 
mass, age, and existing pathologies. Extrinsic factors in- 
clude training/activity levels, dietary intake (alcohol, caf- 
feine), nutritional and hydration status, and environmental 
conditions. 

E Determinants: All systems serving a role in delivering O can 
affect VOzmax. Central factors include cardiac output, pulmo- 
nary ventilation, arterial pressure, hemoglobin (Hb) content, 
O, diffusion into and through the lungs, alveolar ventilation: 
perfusion ratio, and Hb-O) affinity. Peripheral determinants 
include muscle blood flow, capillary density, O, diffusion to 
and extraction by muscle cells, Hb-O, affinity, and skeletal 
muscle fiber profiles. 


Aerobic and Anaerobic Exercise 


Exercise Domains 

E Three specific exercise domains have been suggested 
by Gaesser and Poole (7): moderate, heavy, and severe. 
Figure 5.3 depicts the domains for an incremental exercise 
test and constant load tests at three workloads. In panel 1, 
lactate threshold (Trac) represents the boundary between the 
moderate and heavy domain, and critical power (W,) repre- 
sents the boundary for the severe domain. These concepts 
are described below. 

E Lactate threshold: Trac represents the lowest exercise inten- 
sity that can be maintained where blood lactate appear- 
ance exceeds removal and is sustained at about 1 mM above 
preexercise levels. Also known as aerobic Trac- 


ŒE Maximal lactate at steady state (MLSS): MLSS is the high- 
est blood lactate concentration that can be sustained 
without progressive accumulation: A new steady state is 
achieved (between 3 and 8 mM). The upper boundary of 
the heavy domain likely demarcates MLSS. Also known as 
anaerobic Tac. 
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Figure 5.3: VO, responses to incremental exercise (left panel), and VO; (middle panel) and blood lactate (right panel) responses 
to constant load exercise as a function of exercise intensity domains. T,- represents the lactate threshold, and W, represents critical 
power or work rate where maximal lactate at steady state occurs. Reprinted with permission from D.C. Poole (7,20). 


E Critical power (W,): W, is the maximum power output E Oxygen debt: Upon termination of exercise, VO, remains 


that can be sustained without a continued and progressive elevated to restore energy systems to their preexercise states, 
anaerobic contribution. Exercise above W, will elicit VOomax- after having “borrowed” ATP at the beginning of exercise. 
E Onset of blood lactate accumulation (OBLA): At a specific The term, O, debt, was coined by A.V. Hill in the early 1900s, 
exercise intensity, muscle lactate production exceeds utili- but is transitioning to EPOC (see below). 
zation and blood lactate begins to accumulate. W,, MLSS, E Excess postexercise oxygen consumption (EPOC): EPOC 
and OBLA may all demarcate transition between heavy and is the integral of VO, during recovery after terminating 
severe exercise domains. exercise. It consists of a fast and slow component and is 
E Steady state exercise: When lactate production is balanced highly correlated with exercise intensity. The fast por- 
by the rate of oxidative removal and VO, is stabilized within tion may indicate resynthesis of stored phosphocreatine 
3-6 minutes. Cardiac output, heart rate, and pulmonary gas and restoration of muscle and blood O, stores. The slow 
exchange are in a steady state and exercise can continue for component may represent elevated body temperature, cat- 
an extended period of time. echolamines, accelerated metabolism (conversion of lactic 
E Maximal accumulated oxygen deficit (MAOD): The dif- acid to glucose/gluconeogenesis), and other hormonal/ 


ference between the accumulated oxygen demand and the metabolic processes. 


accumulated oxygen uptake of the exercise bout. 

E Slow component of oxygen uptake: A continued rise in VO; Resistance Exercise 
beyond the third minute when exercise is above the Trac. The 
rise in VO, (see Fig. 5.3) usually stabilizes within 20 minutes 
when exercise is within the heavy domain or gradually in- 
creases to VOomax When exercise is within the severe domain. 
The slow component may indicate additional recruitment of 
muscle fibers (3,7,11—13). 

E Velocity at VOomax (vVO2max) is the minimal running velocity Weight Training Parameters 
that elicits VOzmax. It is considered the best indicator of = 
endurance performance (9,14-16). 


E Resistance exercise is used to improve muscular strength, 
endurance, and power. Strength is the greatest force a muscle 
can exert in one effort; endurance is the muscle’s ability to 
make repeated efforts; and power is a measure of how quickly 
muscular strength can be applied. 


When training with weights, the magnitudes of increase in 
muscle strength and endurance depend on specific training 


Oxygen Kinetics parameters: repetitions, sets, volume, and intensity. 

E Oxygen deficit or MAOD: When an individual begins to E Repetition maximum (RM) is the amount of force a person 
exercise, a certain VO) is required that cannot immediately can lift a given number of times (repetitions). For example, 
be met aerobically. VO, gradually increases until it reaches 5-RM is the maximal force the person could lift five times. 

a steady state. The MAOD is calculated by subtracting the E Repetitions are the number of consecutive times a particular 
accumulated VO, (measured during the exercise bout) from weight is lifted without a rest period. For examples, repeti- 


the estimated accumulated VO, demand (11). tions could be 5, 10, 12, 25, or 50. 
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E Sets: The number of sets delineates how many times repeti- 
tions are repeated after a rest period. For example, a training 
session could consist of three sets of 12 repetitions. 


E Volume equates to the total number of times a weight was 
lifted (Sets X Repetitions). For example, for three sets of 
12 repetitions with 50 lb, the volume would be 3 X 12 X 50, 
or 1,800 lb. Volume indicates how much work was done: The 
greater the volume, the greater is the total work. 


E Intensity depends on the actual resistance lifted and is 
expressed as a percent of maximum weight (1-RM). If 1-RM 
for an exercise is 80 kg, then weights of 40 and 60 kg would 
approximate 50% and 75% intensities, respectively. 


Resistance Training Concepts 

E SAID (specific adaptation to imposed demand): The specificity 
principle states that physiological, neurological, and psycho- 
logical adaptations to training are specific to the “imposed 
demand.” For example, to develop speed or power, the im- 
posed demand must target those areas. 


E Strength-endurance continuum: A weight training concept 
based on the premise that muscle strength and muscle 
endurance exist on a continuum, with muscle strength being 
1-RM and muscle endurance representing the ability to exert 
a lower force repeatedly over time. Low numbers of repeti- 
tions (6- to 10-RM) are associated with increases in strength, 
and high numbers (20- to 100-RM) are associated with 
increases in endurance. As repetitions increase, we transition 
from strength to endurance. 


ŒE Muscle hypertrophy: Compensatory growth in skeletal 
muscle in response to an imposed load. The initial adapta- 
tion to an increased load is a neural response followed by 
an increase in muscle size. 


E Muscle hypertrophy may take 2 months to begin. New con- 
tractile proteins appear to be incorporated into existing 
myofibrils, and there may be a limit to how large a myofibril 
can become: They may split at some point. Hypertrophy re- 
sults primarily from growth of each muscle cell, rather than 
an increase in the number of cells. 


EŒ Muscle hypertrophy is observed in all three major fiber types 
(Types I, Ha, and IIx or Type IIb) when low, but not high, 
numbers of repetitions are performed. Physiological adapta- 
tions and performance are linked to both the volume and 
intensity of resistance training. 


Biomechanical Factors in Muscle Strength 


E Neural control, muscle cross-sectional area, arrangement of 
muscle fibers, muscle length, joint angle, velocity of muscle 
contraction, joint angular velocity, strength-to-mass ratio, 
body size, joint motion (joint mobility, dexterity, flexibility, 
limberness, range of motion), point of tendon insertion, and 
the interactions of these factors influence muscle strength. 


Delayed Onset Muscle Soreness (DOMS) 


E DOMS is a term used to describe temporary soreness that 
results primarily from eccentric exercise and resistance 
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training. It is usually noted the day after the exercise and may 
last 3—4 days (4,5). 

E Factors that may elicit DOMS include inflammation, osmotic 
changes within muscle tissue, microtrauma to the tissue, and/ 
or alterations in calcium metabolism. 


Plyometrics 


E Plyometrics is a specific method of training for power or 
explosiveness. Most plyometric exercises involve jumping, 
bounding, and hopping. The force generated by a lengthen- 
ing contraction (eccentric) can be markedly increased if it is 
followed by a shortening contraction (concentric). 





EXERCISE TRAINING 





Principles of Training 


E FITT: This is an acronym to describe physical training vari- 
ables that can be altered to achieve various fitness goals. FITT 
stands for Frequency, Intensity, Time (duration), and Type 
of exercise. 

E Overload: The overload principle states that gains in strength/ 
endurance come about only when progressively greater de- 
mands are placed on cardiopulmonary and musculoskeletal 
systems. 

E Periodization: The altering of training variables (repetitions/ 
set, exercises performed, volume, rest interval between sets) 
to achieve well-defined training goals and performance 
gains. 

E Quantifying exercise intensity: Exercise intensity can be esti- 
mated from METs, percent of maximal heart rate, percent of 
VO2max Or RPE. 


E Absolute and relative intensity: If two individuals (Tom and 
Mark) have VOomax values of 4.2 and 3.2 L © min™!, respec- 
tively, and both work at 2.5 L - min !, they would be working 
at the same absolute power output, but at different relative 
intensities because of different VO2max values. Tom would be 
working at 2.5/4.2 or 60% and Mark at 2.5/3.2 or 78% of 
VOomax: 


Adaptations to Training 


Endurance Training 


E Adaptations to endurance exercise include improvements 
in neuromuscular and cardiovascular function, respiratory 
muscle efficiency and cost of breathing, decreases in body 
mass/body fat, improvements in heat tolerance, increases 
in self-esteem, lower blood lactate accumulation at higher 
power outputs, and increased insulin sensitivity. 


Resistance Training 
E Resistance training induces a variety of adaptations, with 
clear increases in strength. 


Neural adaptations include increases in strength with or 
without hypertrophy, greater synchronicity in activating 
motor units, and increased density of presynaptic and post- 
synaptic neurotransmitter receptors. 

Contractile adaptations include muscle hypertrophy through 
increased synthesis and accretion of intracellular myofibril- 
lar proteins and activation of local satellite cells to add new 
nuclei to existing myofibers. 

Fiber type-specific adaptations depend on volume and in- 
tensity, but a common change is an increase in the percent- 
age of Type Ia fibers, at the expense of Type IIx fibers. 
Resistance training is not usually associated with increases 
in VOomax» but may enhance cardiovascular function by im- 
proving strength and lessening the daily load. 





ESTIMATING STRENGTH 
AND ENDURANCE 





Aerobic and Anaerobic Power 


Simple in-office and field tests can be used to estimate 
VOomax: These include the 1-, 1.5-, or 2-mile run, 12-minute 
run, 3-minute step test, shuttle runs, and submaximal cycle 
ergometry. The vertical jump, Wingate anaerobic cycle, 
running-based anaerobic sprint (400 m), and 300-yd shuttle 
run tests are used for anaerobic power. 


Muscular Strength and Endurance 


Tests to assess muscular strength include free weights (1-RM: 
back squats/bench presses), hand grip dynamometry (max- 
imal strength), and isokinetic equipment (60—120° X s1), 
Muscular endurance can be measured by maximal number 
of push-ups, pull-ups, and/or sit-ups, as well as hand grip 
dynamometry (sustained submaximal endurance) and iso- 
kinetic equipment (180-300° x s~'). 
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E Articular cartilage is a complex structure lining the articu- a 
lating surfaces of diarthrodial joints. It provides a smooth, 
low-friction surface, while minimizing peak stress on the un- 
derlying subchondral bone. 

E Injuries to the chondral surfaces occur in all joints of the hu- 
man body. Articular injury of the knee has received the most 
attention in the literature. This chapter will focus primarily 
on articular injury as it pertains to the knee joint; however, 
many of the principles of evaluation, grading, and manage- 
ment hold true for chondral injury in any anatomic joint. 

E Injury to articular cartilage is very common; in one retro- 
spective review of 31,516 knee arthroscopies, 63% of patients a 
were found to have chondral injury (21). Cartilage injury of 
the knee affects approximately 900,000 Americans annually, 
resulting in over 200,000 surgical procedures (20). Notably, 
the literature analyzing the prevalence of articular cartilage 
pathology does not provide significant guidance or insight 
into the prevalence of lesions that are or become symptom- 
atic and require treatment. 

E Although nonsurgical management of articular cartilage 
injury has remained largely the same over the past decade, 
surgical treatment of chondral injuries continues to evolve. 
Reparative, restorative, and reconstructive techniques con- 
tinue to be refined, giving surgeons more tools and options 
for biologic reconstruction of articular surfaces. 





BASIC SCIENCE 





E Articular cartilage is composed of water (65%-80% of wet 
weight), collagen (10%-20% of wet weight), proteoglycans 
(10%-15% of wet weight), and chondrocytes (5% of wet 
weight). The collagen in native cartilage is primarily type II, 
with smaller quantities of types V, VI, IX, X, and XI. Chon- 


Articular Cartilage Injury 


Because of the limited vascular, neural, and lymphatic 
access, in addition to the limited capacity of chondrocyte 
division and migration, the healing response of articular 
cartilage is poor. Partial-thickness injury that does not pen- 
etrate the tidemark, the demarcation between the deep layer 
and calcified layer of cartilage, will result in cellular insult 
with decreased matrix production by the underlying and 
surrounding chondrocytes and ultimately little healing. 
In artilage matrix and cell injuries, decreased proteoglycan 
concentration, increased hydration, and disorganization of 
the collagen network occur (16,21). 

Injury that penetrates the tidemark into the calcified carti- 
lage layer and the subchondral bone (an osteochondral le- 
sion) will illicit an inflammatory response that includes an 
influx of marrow contents (undifferentiated mesenchymal 
stem cells, cytokines, and growth factors including trans- 
forming growth factor-8 [TGF-8] and platelet-derived 
growth factor [PDGF]) triggered by hemorrhage and fibrin 
clot. The osteochondral injury has potential for a more ro- 
bust healing response including a resultant repair that more 
closely resembles fibrocartilage (vs. native hyaline cartilage) 
composed of primarily type I collagen. This fibrocartilage- 
like repair is less stiff and more permeable than normal ar- 
ticular cartilage (16,21). Fibrocartilaginous repair tissue is 
far less durable than native hyaline cartilage and often begins 
to show evidence of depletion of proteoglycans, increased 
hydration, fragmentation and fibrillation, increased collagen 
content, and loss of chondrocytes within 1 year (15). 
Although the natural history of chondral injuries is not com- 
pletely understood, it is postulated that defects, particularly 
larger, full-thickness injuries, can progress via edge loading 
and elevated contact pressures on the adjacent articular sur- 
faces. This progression may lead to degradation of the sur- 
rounding chondral surfaces and ultimately osteoarthrosis. 


drocytes are the cells responsible for the production of the Patient Evaluation 


extracellular matrix. These cells differentiate from mesenchy- 

mal stem cells during skeletal morphogenesis and are subse- m 
quently a low turnover cell type. Chondrocytes receive their 
nutrition and oxygen from the surrounding synovial fluid via 
diffusion (16). In the intact, uninjured knee, the articular car- 

tilage shares load-bearing responsibility with the menisci (up 

to 70% from the lateral meniscus), making the chondral sur- 

faces significantly vulnerable to injury and degeneration with 
partial or complete injury or removal of the menisci. 
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Articular cartilage injury can be caused by an acute injury that 
results in a focal chondral or osteochondral injury or chronic/ 
subacute injuries or conditions that result in degenerative le- 
sions. Damage to the chondral surfaces can occur in isolation or, 
as is often the case, in association with other intra-articular in- 
jury. The evaluating physician should maintain a high index of 
suspicion for chondral injury when evaluating the knee for any 
causes of pain, effusion, instability, or mechanical symptoms. 


E A thorough history should include details related to the on- 


set of symptoms (traumatic or insidious), mechanism of in- 
jury, previous injuries and surgery, and symptom-provoking 
activities. 

A thorough physical examination should evaluate formal 
alignment, abnormal gait, swelling, effusions, instability, 
meniscal symptoms, range of motion, strength, and neu- 
rovascular abnormalities. Crepitus, catching, locking, or 
grinding can occur with focal irregularities of the articular 
surfaces. Diagnosis of all concomitant pathology is critical to 
formulate a successful, global treatment plan. 

Radiographic workup should include posterior-anterior, 
weight-bearing, 45-degree plain films and patellofemoral, 
and non—weight-bearing lateral projections. Evaluation 
on plain films for joint space narrowing, subchondral scle- 
rosis, osteophytes, and cysts should be performed. History 
and physical examination, along with these radiographs, are 
often all that is needed to make the appropriate diagnosis. 
Magnetic resonance imaging (MRI) can be valuable to as- 
sess the status of the knee ligaments and menisci but can 
underestimate the degree of cartilage abnormalities seen 
during arthroscopy (36). Use of 3.0-tesla magnets, carti- 
lage imaging sequence techniques including fat-suppressed 
or fat-suppressed spoiled gradient-echo imaging, and bal- 
anced free precession steady-state sequences have improved 
detection and characterization of chondral injuries using 
MRI (6). Routine MRI sequences are typically sufficient to 
evaluate for subchondral abnormalities that may become 
useful findings during definitive decision making. 





GRADING OF ARTICULAR 
CARTILAGE INJURY 





E Although MRI is being used with more frequency to evaluate 


chondral injuries, arthroscopic evaluation remains the most 
accurate way to assess the location, depth, size, shape, and sta- 
bility of a chondral or osteochondral defect of the articular 
surface. The Outerbridge classification is most widely used to 
grade these injuries (Table 6.1) (48). More recently, the Inter- 
national Cartilage Repair Society has modified this to a more 
comprehensive description and grading system (see Table 6.1) 
(13). The International Cartilage Repair Society grading sys- 
tem can be used to describe lesions both arthroscopically and 
using advanced radiologic imaging techniques. 
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Table 6.1 | Modified International Cartilage 
Repair Society (ICRS) Classification 


System for Chondral Injury (40) 





Grade of Injury 


Modified ICRS System 





Grade 0 Normal cartilage 

Grade I Superficial fissuring 

Grade II < 1/2 cartilage depth 

Grade HI > 1/2 cartilage depth up to subchondral plate 
Grade IV Through subchondral plate, exposing subchon- 


dral bone 





viscosupplementation (22). Patients with mechanical symp- 
toms (including catching, locking, sensation of loose body, or 
giving way), acute motion loss, or failed nonsurgical manage- 
ment with pain and loss of function should be considered for 
surgical intervention. 





SURGICAL TREATMENT 





Arthroscopic Debridement and Lavage 


E Arthroscopic debridement and lavage is a consideration for a 


first-line surgical intervention in a patient with a symptom- 
atic articular cartilage injury. This treatment modality allows 
the surgeon to perform diagnostic arthroscopy to assess the 
chondral injury and the remainder of the joint. Patient expec- 
tations must be managed in that the results of this procedure 
can range from diagnostic to therapeutic due to the removal 
of degenerative debris, loose nonviable chondral fragments, 
and lavage of the associated inflammatory cytokines such as 
interleukin-1 and tumor necrosis factor-a (1). Care is taken 
to preserve intact, healthy articular cartilage. Arthroscopic 
lavage alone has been proven to provide at least short-term 
benefits in 50%—70% of patients (1,24). In a select group of 
highly active individuals, especially in season when return-to- 
sport time lines are critical, arthroscopic debridement may 
prove to be beneficial in the short term. In general, however, 
the results of arthroscopic debridement and lavage are often 
not durable and deteriorate over time, and the primary bene- 
fit that remains is the diagnostic information obtained to help 
guide future treatment decisions (Table 6.2) (10,32,33,54,58). 


Fragment Fixation 
NONSURGICAL TREATMENT 


E Fixation of a chondral lesion is predicated on the condition, 
size, shape, defect location, and adequacy of subchondral 
bone attached to the osteochondral fragment. Radiographic 
and MRI evaluation can help with the determination of many 
of these factors and appropriateness of this surgical option. 
Prior to fixation of the osteochondral fragment, both the 
fragment and defect must be prepared to create an adequate 





E As with most joint pathology, initial treatment of articular car- 
tilage injuries is typically conservative with recommendations 
that include activity modification, judicious use of nonsteroidal 
anti-inflammatory drugs (NSAIDs), glucosamine and chon- 
droitin sulfate, corticosteroid injections, and consideration for 
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Table 6.2 | Results of Arthroscopic Debridement and Lavage 


Study No. of Patients 


Mean Follow-Up Results 





Kirkley et al., 2008 (37) 163 2 years 


Jackson and Dieterichs, 2003 (34) 121 4-6 years 


Moseley et al., 2002 (47) 180 2 years 


Steadman et al., 2001 (55) 75 


Timoney et al., 1990 (58) 109 


Jackson, 1989 (33) 137 


Sprague, 1981 (54) 78 


11.3 years 


48 months 


3.5 years (2-9 years) 


14 months 


Randomized controlled trial: Arthroscopy and PT vs. 
PT alone showed no difference in WOMAC, or SF-36 
between groups (P = 0.22). 


Retrospective case series: 

Stage I: 100% excellent/good 
Stage II: 90.6% excellent/good 
Stage III: 48.7% excellent/good 
Stage IV: 11.9% excellent/good 


Randomized controlled trial: Debridement, lavage, and 
placebo showed no difference in KSPS, AIMS2-P, and 
SF-36 scores. 


Retrospective case series: 
Lysholm 58.889 
Tegner 3.15.8 

Work 4.97.6 

Sports 4,297.1 


Retrospective case series: 
63% good 
37% fair/poor 


Retrospective case series: 
68% remained improved 


Retrospective case series: 
74% good 
26% fair/poor 





AIMS2-P, Arthritis Impact Measurement Scales; KSPS, Knee-Specific Pain Scale; PT, physical therapy; WOMAC, Western Ontario and McMaster Universities Arthritis Index; 


SF-36, Short Form-36. 


healing milieu. The fragment must be reduced anatomically 
into its bed, and fixation may then be completed using either 
absorbable or nonabsorbable implants. Occasionally, bone 
graft augmentation is required for deeper cavitating lesions. 
Treating osteochondral lesions with the same considerations 
as a fracture nonunion will lead to more predictable heal- 
ing. These factors include debriding fibrocartilage at the 
base of the lesion, microfracture augmentation of the base to 
promote bleeding, and rigid fixation with compression. Re- 
sorbable fixation placed without the intention to remove the 
implant should be buried to or beneath the level of the sub- 
chondral bone because these lesions can subside over time. 
Metallic implants removed at 6 to 8 weeks allow the oppor- 
tunity to verify fragment healing and prevent the untoward 
effects of prominent hardware that can develop over time. 
Successful healing of the osteochondral fragment with the 
use of headless metallic cannulated screws has been reported 
in up to 90% of patients (1). 


Marrow-Stimulating Techniques 


E The goal of marrow stimulation techniques is the delivery of 
mesenchymal stem cell progenitors to the defect bed and the 
subsequent formation of a fibrocartilage-like repair tissue 
from these cells. This technique can be performed in a num- 
ber of ways to include drilling, abrasion, and microfracture 


and always involves penetration of the calcified cartilage 
layer into the subchondral bone to allow the migration of 
progenitor cells to the articular surface. Because of the lim- 
ited fill that may occur in some lesions, particularly larger 
ones greater than 2 cm’, and the different structural and bio- 
mechanical properties of this fibrocartilage-like repair tissue 
(see earlier Basic Science section), the best results are typi- 
cally achieved with relatively small defects in a low-demand 
patient population (1). Results of microfracture technique 
are summarized in Table 6.3. 


Osteochondral Autograft 


E This procedure uses plugs of cartilage and bone obtained 


from load-sparing areas of the knee with transplantation 
into the area of a symptomatic chondral defect. This tech- 
nique offers several advantages including transplantation 
of viable hyaline cartilage, a relatively brief rehabilitation 
period, and the ability to perform the procedure in a single 
operation. Limitations include the availability of low-contact 
harvest areas, donor site morbidity, and the potential for 
surface plug incongruity (23,38). Short- and mid-term re- 
sults of this technique have been promising, showing greater 
than 90% good to excellent results (30,31). Treating defects 
larger than 1 to 2 cm’, however, is associated with inferior 
outcomes. 


Table 6.3 | Results of Microfracture 
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Study No. Mean Follow-Up* Results 

Solheim et al., 2010 (53) 110 patients 5 years (2-9 years) Retrospective cohort: 
Lysholm 51371 
VAS function 41474 
VAS pain 5230+ 


Mithoefer et al., 2009 (45) 


Asik et al., 2008 (2) 


Bae et al., 2006 (4) 


Gobbi et al., 2005 (27) 


Steadman et al., 2002 (57) 


Steadman et al., 2001 (55) 


Gill and Macgillivray, 2001 (25) 


Blevins et al., 1998 (12) 


Steadman et al., 1997 (56) 


Systematic review (3,122 
patients) 


90 patients 


47 knees 


25 competitive athletes 


71 knees 
Age = 45 years 


75 patients 


103 patients 


140 recreational athletes 
Mean age, 38 years 

Mean defect size, 2.8 cm? 
38 high-level athletes 
Mean age, 26 years 
Mean defect size, 2.2 cm? 


203 patients 


3.4 + 0.4 years (1-3 years) 


5.2 years (2-9 years) 


1 year 


6 years (3-10 years) 


11 years (7-17 years) 


11.3 years 


6 years (2-12 years) 


3.7 years 


3 years (2-12 years) 


Systematic review: 

Short-term clinical improvement rate 
(= 24 months): 75%-100% 

Long-term clinical improvement rate 
(= 24 months): 67%-80% 


Retrospective case series: 
Lysholm 52.4-84.6 
Tegner 2.65.2 


Second look arthroscopy: 
Extent of cartilage healing > 90% in 55% 
of cases; 80%-89% in 10% 

Radiographic evaluation: average joint 
space increase of 1.06 mm on anterior- 
posterior and 1.37 mm on lateral 


Prospective cohort study: 
30% improved 

Lysholm 56.8-87.2 
Tegner 3.25 


Retrospective case series: 

80% improved 

Lysholm 59-89 

Tegner 6—9 

Majority of improvement in first year 
Maximal improvement in 2 to 3 years 
Younger patients did better 


Retrospective case series: 
Lysholm 58.889 
Tegner 3.15.8 

Work 4.97.6 

Sports 4.27.1 


Retrospective case series: 
86% rated knee as normal/nearly normal 
Acute (treated within 12 weeks) did better 


Prospective cohort study: 
77% returned to sports 


Retrospective case series: 

75% improved, 19% unchanged, 
6% worse, 60% improved sports 

Poor prognosis: joint space narrowing, 
age > 30 years, no postoperative CPM 





CPM, continuous passive motion; VAS, visual analog scale. 
* Represents median number of years as reported by study. 


+ Lower values denote improvement. 
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Osteochondral Allograft 


Osteochondral allograft transplantation involves transplan- 
tation of a prolonged, freshly preserved (at 4°C) cadaveric 
graft consisting of intact, viable articular cartilage and its 
underlying subchondral bone into the articular cartilage de- 
fect. Potential advantages of this technique include the abil- 
ity to achieve more precise surface architecture, immediate 
transplantation of viable hyaline cartilage as a single-stage 
procedure, the potential to replace large defects or even 
hemicondyles, and no donor site morbidity. Limitations of 
osteochondral allografting include limited graft availability, 
relatively high cost, a low but possible risk of immunologic 
rejection, incomplete graft incorporation, potential for 
disease transmission, and the technically demanding as- 
pects of graft matching and sizing (5,7,18). Because freez- 
ing and cryopreservation have both been shown to decrease 
chondrocyte viability, fresh osteochondral allografts are 
typically used. 

Long-term chondrocyte viability after osteochondral al- 
lograft transplantation has been well demonstrated by a 
number of studies. Williams et al. (59) reported on 26 re- 
trieved osteochondral allograft specimens after an average 
survival time of 42 months. The rate of chondrocyte vi- 
ability was 82%, and there was evidence of allograft bone 
incorporation in most specimens. The allograft bone is re- 
placed by creeping substitution, but it provides a structural 
scaffold to support the articular surface during this gradual 


Table 6.4 | Results of Osteochondral Allograft 


Study No. Location 


LaPrade et al., 2009 (39) 23) F 


McCulloch et al., 2007 (42) 25 F 


Gross et al., 2005 (29) 123 ETP 


Aubin et al., 2001 (3) 60 F 


Shasha et al., 2003 (52) 65 At 


Bugbee, 2000 (17) 122 F 


Chu et al., 1999 (19) 55 EINE 
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incorporation. Outcome studies on osteochondral allograft 
transplantation for symptomatic chondral defects demon- 
strate 91% success at 5 years and 84% success at 10 years 
(3,17). McCulloch et al. (42) demonstrated improvements 
in Lysholm scores (39—67), International Knee Documen- 
tation Committee scores (29-58), all five components of 
the Knee Injury and Osteoarthritis Outcome Score (Pain, 
43-73; Other Disease-Specific Symptoms, 46—64; Activi- 
ties of Daily Living Function, 56-83; Sport and Recreation 
Function, 18—46; Knee-Related Quality of Life, 22-50), and 
Short Form-12 physical component scores (36—40). Overall, 
patients from this study reported 84% (range, 25%-100%) 
satisfaction with their results and believed that the knee 
functioned at 79% (range, 35%-100%) of their unaffected 
knee (42). Literature outcomes on osteochondral allografts 
are included in Table 6.4. 


Autologous Chondrocyte Implantation 


Autologous chondrocyte implantation requires a two-stage 


procedure including the biopsy of chondrocytes from the 
knee, culturing and expansion of the chondrocyte cell line, 
and reoperation for transplantation into the cartilage defect 
beneath a periosteal or collagen matrix patch. The potential 
advantages of this procedure include the ability to fill defects 
as large as 10 cm’, the development of hyaline-like cartilage 
rather than fibrocartilage in the grafted defect, and possibly 
better long-term outcomes and longevity of the healing tis- 


Mean Follow-Up Results 


3 years Prospective cohort study: 
IKDC score 52-69 


Good incorporation: 22/23 


35 months Prospective cohort study: 


84% success rate 


7.5 years Prospective cohort study: 


85% success rate 


10 years Prospective cohort study: 
84% good/excellent 


20% failure 


> 5 years Prospective cohort study: 
95% success rate at 5 years 
80% success rate at 10 years 


65% success rate at 15 years 


5 years Prospective cohort study: 
91% success rate at 5 years 
75% success rate at 10 years 


5% failure 


75 months Prospective cohort study: 
76% good/excellent 


16% failure 





F 


femur; IKDC, International Knee Documentation Committee; P, patella; T, tibia. 
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Table 6.5 | Results of Autologous Chondrocyte Transplantation 





Study No. Location Mean Follow-Up Results 
Moseley et al., 2010 (46) 72 F > 5 years Case series: 
Mean, 9.2 years 69% of patients improved from 
baseline 
12.5% had no change 
17% failed 
Peterson et al., 2010 (51) 224 F, P, multiple > 10 years Case series: 
Mean, 12.8 years 92% patient satisfaction 
Bhosale et al., 2009 (11) 80 F, P, Tr, multiple > 2.7 years Prospective cohort study: 
Mean, 5 years 81% clinical improvement 
19% clinical decline 
Peterson et al., 2002 (49) 18 F > 5 years Case series: 
14 OCD > 5 years 89% good/excellent 
17 P > 5 years 86% good/excellent 
11 F/ACL > 5 years 65% good/excellent 
91% good/excellent 
Micheli et al., 2001 (44) 50 F/Tr/P > 3 years Prospective cohort study: 
84% significant improvement 
2% unchanged 
13% declined 
Peterson et al., 2000 (50) 25 F > 2 years Case series: 
19 P > 2 years 92% good/excellent 
16 F/ACL > 2 years 62% good/excellent 
16 Multiple > 2 years 75% good/excellent 
67% good/excellent 
Gillogly et al., 1998 (26) 25 ERT > l year Case series: 
88% good/excellent 
Brittberg et al., 1994 (14) 16 F 39 months Prospective cohort study: 
7 P 36 months 88% good/excellent 
12% poor 
29% good/excellent 
71% fair/poor 





ACL, anterior cruciate ligament; F, femur; OCD, osteochondritis dissecans; P, patella; T, tibia; Tr, trochlea. 


sue. This procedure can be technically demanding, requir- 
ing the patient to undergo a relatively long rehabilitation 
in addition to a requirement for two surgical procedures. 
Additionally, although the overall complication rate appears 
to be relatively low, the adverse events that do occur follow- 
ing autologous chondrocyte implantation can result in sub- 
sequent operative intervention. 


Peterson et al. (51) demonstrated that 92% of patients were 
satisfied and would have the autologous chondrocyte im- 
plantation (ACI) surgery again at 10-20 years after trans- 
plantation. In their cohort of 50 patients, Micheli et al. (44) 
demonstrated that 84% of patients had significant improve- 
ment in their symptoms at 3 years postoperatively. A recent 
multicenter cohort study evaluated outcomes of autologous 
chondrocyte transplantation after failed previous articular 
cartilage surgery (60). After 48 months of follow-up, 76% 
of the 154 patients had a successful outcome, whereas 24% 
were deemed as having treatment failure. Interestingly, 49% 
of the patients (n = 76) had a subsequent surgical procedure 


performed after the autologous chondrocyte implantation. 
These additional procedures, predominantly arthroscopic, 
were not predictive of failure. The use of type I/II bilayer 
collagen instead of a periosteal patch to cover the cells during 
the implantation procedure has been shown to decrease the 
reoperation rate significantly (28). A recent study evaluating 
2- to 9-year outcomes of autologous chondrocyte implanta- 
tion in a diverse patient population demonstrated that 75% 
of patients were completely or mostly satisfied with their 
outcomes and 83% would have the procedure done again 
(43,50). Outcomes of autologous chondrocyte implantation 
are summarized in Table 6.5. 





TREATMENT DECISION MAKING 





E Management of articular cartilage injuries can be challeng- 


ing, and multiple options are described that can be used 
to treat similar lesions. Although there is not necessarily a 
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-3 cm? 


Lesion Size < 2 


Patellofemoral Femoral 


Microfracture ++ 
OC Autograft ++ 


Microfracture ++ 
ACI/AMZ +/- 


Lesion Size > 2 


Low Demand 


Patellofemoral Femoral 


ACI/AMZ ++ 
OC Autograft +/- 


Microfracture +/- 
OC Autograft +/- 
ACI ++ 
OC Allograft ++ 


OC Allograft +/- 





Patellofemoral 





Patellofemoral 


ACI/AMZ ++ OC Autograft ++ 
OC Allograft/AMZ +/— ACI ++ 


High Demand 


Femoral 


ACI/AMZ ++ 
OC Autograft/AMZ +/- 


OC Autograft ++ 
ACI +/- 


OC Allograft/AMZ +/- 


-3 cm? 


High Demand 


Femoral 


Figure 6.1: Surgical treatment algorithm of articular cartilage injuries. ACI, autologous chondrocyte implantation; AMZ, antero- 


medialization tibial tubercle osteotomy; OC, osteochondral. 


consensus on optimal treatment, certain guidelines can be 
followed. Decision making must consider patient goals, 
physical demands, expectations, and perceptions, as well 
as defect size, depth, location, chronicity, previous treat- 
ments and response, and concomitant pathology. Ligament 
insufficiency, meniscal pathology, and/or mechanical ma- 
lalignment must be addressed, particularly in treatment of 
articular cartilage injury of the femoral condyles. Not in- 
frequently, concomitant procedures are performed that in- 
clude meniscal allograft transplantation, distal femoral or 
high tibial osteotomy, and tibial tuberosity elevation. Our 
recommended primary treatment guideline is included in 
Figure 6.1. 


Articular cartilage surgical restoration allows for a high rate 
of return to high-impact sports often at the preinjury com- 
petitive level. The time of return and durability can be vari- 
able and depend on repair technique and athlete-specific 
factors. Player age, competitive level, defect size, time to treat- 
ment, and repair tissue morphology all affect the ability and 
time to return-to-play. Sports participation after cartilage 
repair generally promotes joint restoration and functional 


recovery. Time to return to impact sports generally varies 
between 7 and 17 months, with the longest time after autolo- 
gous chondrocyte transplantation. 





FUTURE DIRECTIONS 





E Ongoing research in the area of articular cartilage continues. 


Indeed, it is one of the most studied topics in contemporary 
orthopedics. Additional treatments being evaluated include 
cell-based and scaffold-associated chondrocyte treatments. 
These techniques involve delivery of harvested autologous 
chondrocytes on a biologic scaffold that may avoid many of 
the limitations associated with our current techniques (49). 
In addition, the use of a scaffold with chondrocytes may 
make many of these procedures amenable to arthroscopic 
implantation, at least for many accessible lesions. Animal and 
basic science models have demonstrated early promise using 
these techniques; however, rigorous, well-conducted human 
trials need be conducted to elucidate the scope of additional 
benefits associated with these procedures (8,9,35,41,61). 
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Bone Injury and Fracture Healing 


Connor R. LaRose and Carlos A. Guanche 


E Fracture healing involves multiple orchestrated events that 
are intimately linked to each other (25). The goal of fracture 
healing is to restore the bone injury to the preinjury biologic 
and biomechanical state. To accomplish this task, the cellular 
content of bone and the ability of such cells to produce ex- 
tracellular matrix and structure are altered. 





BONE ANATOMY (5,6,9) 





Bone Cells 


Osteoprogenitor Cells 


E Present on all bone surfaces, make up the deep layer of the 
periosteum and the endosteum, and can migrate from sur- 
rounding tissue. 


E Osteoprogenitor cells are marrow stromal cells that differen- 
tiate into osteoblasts (9). 


E The periosteum contains two layers: an outer layer of fibrous 
tissue and an inner layer (cambium) that contains cells ca- 
pable of becoming osteoblasts. 


E The endosteum is a single layer of osteogenic cells lacking a 
fibrous component. 

Osteoblasts 

E Mature, metabolically active bone-forming cells. 


E Secrete osteoid, the unmineralized matrix that subse- 
quently undergoes mineralization. 


E Some osteoblasts are converted into osteocytes, whereas 
others remain on the surfaces of bone as lining cells. 


E Playa role in the activation of bone resorption by osteoclasts. 


Osteocytes 
E Mature osteoblasts trapped within the bone matrix. 


E Forma network of cytoplasmic processes extending through 
cylindrical canaliculi to blood vessels and other osteocytes. 


E Involved in extracellular calcium and phosphorus homeostasis. 


E Actas ina paracrine function on active osteoblasts. 


Osteoclasts 

ŒE Multinucleated bone-resorbing cells controlled by hormonal 
and cellular mechanisms. 

E Differentiate from hematopoietic cells from the monocyte/ 
macrophage cell lines (9). 








E Function in groups termed cutting cones that attach to bare 
bone surfaces and dissolve inorganic and organic matrices 
of bone and calcified cartilage through the use of hydrolytic 
enzymes. 

E Formation of ruffled border at bone—osteoclast interface leads 
to breakdown of organic and inorganic components (9). 

H Process results in the formation of shallow pits on the bone 
surface called Howship’s lacunae (5). 


Types of Bone (6) 


Woven Bone (Primary Bone) 

E Primary bone formed during embryonic development, dur- 
ing fracture healing, and in some pathologic states such as 
hyperparathyroidism and Paget’s disease (5,6). 

E Composed of randomly arranged collagen bundles and ir- 
regularly shaped vascular spaces. 

E Higher cellularity than lamellar bone and is not organized 
according to mechanical stress. 

E Weaker and more easily deformed compared to lamellar 
bone secondary to irregular collagen orientation. 


Lamellar Bone (Secondary Bone) 

E Highly organized with densely packed collagen fibrils that 
are organized according to stress lines. 

E Behaves anisotropically; the mechanical properties of the 
bone change depending on the direction of the applied force. 

E Woven bone present at a fracture site must be eventually 
replaced by lamellar bone to restore the normal mechanical 
properties of bone. 


Cortical Bone 

E Dense compact bone that is primarily responsible for load 
bearing in the diaphysis of long bones. 

E Remodeled from woven bone by means of vascular channels 
that invade the embryonic bone from its periosteal and end- 
osteal surfaces. 

E The primary structural unit of cortical bone is an osteon, 
also known as a Haversian system. 

E Consists of cylindrical-shaped lamellar bone that sur- 
rounds longitudinally oriented vascular channels called 
Haversian canals. 

E Horizontally oriented canals (Volkmann) connect adja- 
cent osteons. 
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E Mechanical strength of cortical bone is dependent on the 
concentration of the osteons. 


Cancellous Bone (Trabecular) 

E Lies between cortical bone surfaces and consists of a network 
of honeycombed interstices containing hematopoietic ele- 
ments and bony trabeculae. 

E Structurally important at epiphyseal—metaphyseal ends of long 
bone. Allows for absorption of loads across synovial joints. 

E Trabeculae are oriented perpendicular to external forces to 
provide structural support (48). 





BONE BIOCHEMISTRY (9) 





E Bone is composed of organic matrix and mineral matrix. 

E Mineral matrix: Dry bone is made up of hydroxyapatite 
and tricalcium phosphate (65%-70% of the weight). 
Responsible for the compressive strength of bone. 

E Organic matrix: 90% type 1 collagen, 5% other colla- 
gen types, noncollagenous material, and growth factors 
(30%-35% of the weight). 

E Osteoid: Unmineralized organic matrix secreted by os- 
teoblasts; composed of 90% type I collagen and 10% 
ground substance (noncollagenous proteins, glycopro- 
teins proteoglycans, peptides, carbohydrates, and lipids). 
Mineralization of this substance by inorganic mineral 
salts provides bone with its strength and rigidity. 

E Inorganic bone contents: Primarily calcium phosphate 
and calcium carbonate with small quantities of magne- 
sium, chloride, and sodium. Mineral crystals form hy- 
droxyapatite, an orderly precipitate around the collagen 
fibers of the osteoid. 


Regulators of Bone Metabolism (1,4,44) 


E Three of the calcitropic hormones that have the most effect 
on metabolism are parathyroid hormone, vitamin D, and 
calcitonin. 

E Parathyroid hormone is an amino acid made and se- 
creted from the chief cells of the parathyroid gland. It is 
secreted in response to low plasma calcium. It directly ac- 
tivates osteoblasts to secrete receptor activator of nuclear 
factor k-B ligand (RANKL), which stimulates osteoclastic 
development. 

E Vitamin D stimulates intestinal and renal calcium-binding 
proteins and facilitates active calcium transport. 


E Calcitonin is secreted by the parafollicular cells of the 
thyroid gland in response to rising plasma calcium level. 
Calcitonin serves to inhibit calcium-dependent cellular 
metabolic activity. 

ŒE Miscellaneous proteins: Released from platelets, macro- 
phages, and fibroblasts. Cause healing bone to vascularize, 
solidify, incorporate, and function mechanically. Induce 


General Considerations in Sports Medicine 


mesenchymal-derived cells such as monocytes and fibro- 
blasts to migrate, proliferate, and differentiate into bone cells 
(23,37). 

E Proteins that enhance bone healing include the bone mor- 
phogenic proteins (BMPs), insulin-like growth factors, 
transforming growth factors (TGFs), platelet-derived growth 
factor, and fibroblast growth factor, among others (10,14,50). 


Bone Morphogenic Proteins (15,17) 

E Unique group of biologically active proteins that belong to 
the TGF-8 superfamily. 

E Over 20 different BMPs have been discovered, but only BMP-2, 
-4, -6, -7,and -9 have been shown to have osteogenic properties. 

E In vivo, different BMPs act at different times and at differing 
concentrations during bone formation. 


E Currently BMP-2 and BMP-7 have been approved for use 
in treatment of tibial fractures and anterior spinal fusion 
(2,15,16,17). 





BONE-HEALING PROCESS 





E Fracture healing restores the tissue to its original physical 
and mechanical properties and is influenced by a variety of 
systemic and local factors (26,39). Healing occurs in three 
distinct but overlapping stages (36,40). 


Inflammatory Stage 


E A hematoma develops within the fracture site during the first 
few hours and days. Inflammatory cells and fibroblasts infil- 
trate the bone under prostaglandin mediation. This results 
in the formation of granulation tissue, ingrowth of vascular 
tissue, and migration of mesenchymal cells (4). 

E Osteoblast proliferation occurs at the fracture site from the 
surrounding osteoprogenitor cells. 

E Anti-inflammatory or cytotoxic medications during this first 
week are particularly detrimental to the initial inflammatory 
response to healing (41). 


Repair Stage 


E Fibroblasts begin to lay down a stroma that helps support 
vascular ingrowth. 

H At this stage, nicotine can inhibit capillary ingrowth (11,45). 

E As vascular ingrowth progresses, a collagen matrix is laid down, 
while osteoid is secreted and subsequently mineralized. This 
leads to the formation of a soft callus around the repair site. 

E Soft callus is very weak in the first 4—6 weeks and requires 
adequate protection (29). 

E Eventually, ossified callus (hard callus) forms a bridge of 
woven bone between the fracture fragments. If proper 
immobilization is not employed, failure of ossification 
results in a fibrous union (7). 


Remodeling Stage 


E Healing bone is restored to its original shape, structure, and 
mechanical strength. 

E Remodeling is a long-term process facilitated by mechanical 
stresses placed on the bone. 

E Axial loading across the fracture site leads to bone be- 
ing deposited where it is needed and reabsorbed where 
it is not (26). Adequate strength is typically achieved in 
3-6 months. 





BIOMECHANICS OF FRACTURES 





Stress Fractures (13,49,51) 


E Cyclic loading repeated over a long period of time may cause 
disruption of the bony architecture. 

E The susceptibility of bone to fracture under stresses of low 
magnitude is related to its crystal structure and collagen 
orientation. 

E Under each cycle of loading, a small amount of strained 
energy may be lost through microscopic cracks along the 
cement lines of bone. 

E Fatigue load under certain strain rates can cause progressive 
accumulation of microdamage in cortical bone. 

E Prolonged loading may eventually lead to failure through 
propagation of these cracks. 


E Bone may be created near the microscopic cracks through 

periosteal callus formation, thus arresting propagation. 
E Fractures can be classified into low-risk and high-risk frac- 

ture types (13). 

E Low-risk fractures are typically treated without surgery 
with relatively quick healing. 

J Includes femoral shaft, medial tibia, ribs, ulna shaft, 
and first through fourth metatarsals. 

E High-risk fractures (those with osteoporosis) can be 
very difficult to treat and may require surgical interven- 
tion because they are at high risk for progression to dis- 
placed fractures as a result of relative avascularity at the 
fracture site. 

4 Includes tension-sided femoral neck, patella, anterior 
tibial diaphysis, medial malleolus, talus, tarsal navicu- 
lar, proximal fifth metatarsal, and first metatarsal pha- 
langeal sesamoids. 


Acute Fractures (3,14) 


E Classified according to the magnitude and area of distribu- 
tion of the force applied and the rate at which the force acts. 
E Soft tissue injury and fracture comminution directly pro- 
portional to the loading rate (27). 
E Modifies normal healing response by changing concen- 
tration of normal reparative mediators. 
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H Typically, force is applied to bone in many directions and 
generates compressive, tensile, or sheer stress (or some 
combination). 


E The combination of the bone’s material strength and aniso- 
metric properties dictates when, how, and along which path 
a fracture will occur. 


E Cortical bone is generally weak in tension and shear. 
E Area where tensile stresses arise fails first. 

E Transverse fractures are the result of pure tensile forces or 
bending. 

E Fractures from pure tensile force occur progressively across 
the bone, creating a transverse break without comminution. 


E The pattern of fracture arising from pure bending is a simple 
transverse line. 


E Bone undergoing rapid loading must absorb more energy 
than bone loaded at a slower rate. 


E At low speed, bending with tensile stress will cause a frac- 
ture with a single butterfly fragment. 


E High-speed bending will cause several butterfly fragments. 

E The pattern of bone injury also impacts healing capacity (8). 

E Time to union is greatly prolonged in fractures with more 
soft tissue stripping. 

E Larger load under bending failure may cause the sur- 

rounding soft tissues and periosteum to sustain more 

damage and thus may affect the fracture healing potential. 





FACTORS INFLUENCING 
FRACTURE REPAIR 





E Systemic factors can inhibit bone healing, including the 
following: 


E Cigarette smoking (19) 
E Malnutrition (34) 

E Diabetes (33) 

E Rheumatoid arthritis 

E Osteoporosis (28) 

E Steroid medications (24) 
E Cytotoxic agents 

E 


Nonsteroidal anti-inflammatory medications (20) 


Nutrition 


E Atypical diet including all food groups in proper amounts is 
enough to effect healing in a healthy individual. 


E Calcium usage is limited by absorption. 


I Preinjury calcium levels are predictive. 





2 Intake of about 1 g- d7' is optimal, along with supple- 
mental vitamin D up to 1,000 IU: d™'. 

E True vegans with no alternative proteins are at risk for 

nonunion. 
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AUGMENTATION OF FRACTURE 
HEALING (14,18) 





E In augmenting fracture healing, three basic components 
are required to enhance skeletal repair: osteogenesis, osteo- 
conduction, and osteoinduction. Every bone graft used to 
enhance healing should incorporate one or more of these 
components (25). 


Osteogenesis (3,43) 


E The ability of the graft to produce new bone. This process 
is dependent on the presence of live bone cells in a graft 
material. 

E Contains viable cells with the ability to form bone (osteo- 
progenitor cells) or the potential to differentiate into bone- 
forming cells. 

E Osteogenesis is a property found only in fresh autogenous 
bone and in bone marrow cells. 


Osteoconduction (22,45) 


E The physical property of the graft to serve as a scaffold for 
viable bone healing. 

E Allows for the ingrowth of neovasculature and the infiltra- 
tion of osteogenic precursor cells into a graft site. 

E Osteoconductive properties are found in cancellous auto- 
grafts and allografts, demineralized bone matrix, hydroxy- 
apatite, collagen, and calcium phosphate. 


Osteoinduction (20,37) 


E The ability of graft material to induce pluripotent mesenchy- 
mal stem cells from the surrounding tissues to develop into 
osteoprogenitor cells (25). 

E Typically associated with the presence of bone growth factors 
within the graft material 

E Growth-promoting proteins. Several factors are known to be 
associated with healing: 

E TGF-B 
E IGFs 
E BMPs 

Q Glycoproteins known to induce bone. 

Q Several BMPs are known to exist. BMP-3 (osteogenin) 
induces rapid differentiation of mesenchymal tissue to 
bone. BMPs induce endochondral bone formation in 
segmental defects (50). 





E Systemic factors: Injury to bone marrow enhances osteogen- 
esis at distant skeletal sites. 
E Factors thought to be responsible: (a) IGF-1 and IGF-2, 
(b) parathyroid hormone, and (c) prostaglandins. 
E Isolation and clinical development of these factors may 
lead to systemic treatment of fractures. 


TYPES OF BONE GRAFT 





Autologous Bone Graft (25,48) 


E Graft is harvested from the patient, typically from a 
different site in the body, and used to augment fracture 
healing. 

E Remains the gold standard of bone graft. Contains all of the 
properties required to help form bone. 

E Donor site morbidity remains the biggest problem with au- 
tologous bone graft. 


Types of Autologous Bone Graft 
Autologous Cancellous Bone Graft (25). 


E Cancellous grafts effect vascular ingrowth and progenitor 
mesenchymal cell invasion, osteoblastic appositional new 
bone formation, and ultimately, remodeling of the trabecu- 
lar structure. 


E Does not provide any initial structural support. 


Œ Typical harvest sites: iliac crest, distal radius, and greater 
trochanter. 


Autologous Cortical Bone Graft. 


E Slow to revascularize when compared to cancellous bone 
graft. 


E Primarily functions in osteoconductive manner with a lesser 
osteoinductive contribution. 


E Must undergo osteoclastic resorption prior to osteoblastic new 
bone formation in a process called creeping substitution—an 
integrated process in which old necrotic bone is slowly reab- 
sorbed and simultaneously replaced with new viable bone, thus 
incorporating bone grafts. 


E Healing process begins at host—graft cortical junction. 


E Provides initial structural support. 


Autogenous Bone Marrow (30). 

E Independent of cancellous or cortical bone. 

E Undifferentiated progenitor cells form cells to aid in fracture 
healing. 

E Typically can be harvested from iliac crest bone marrow. 


Allograft Bone Grafting (18,30) 


E Cadaveric tissue bank bone is used to augment fracture healing. 


E Comes in several different preparations: cancellous graft, 
cortical grafts, osteochondral grafts, and demineralized bone 
matrix (DBM). 


E Readily available in the United States. 
No harvest site morbidity. 


H Risk of disease transmission is small but varies based on tis- 
sue preparation. 

E Depending on the allograft used, can aid bone healing 
through osteoinductive and/or osteoconductive properties. 


Bone Void Fillers (31,32) 


E Synthetic calcium phosphate bone fillers are being more fre- 
quently used to help augment fracture fixation. 


E Actas synthetic osteoconductive scaffold. 


E Three subgroups: hydroxyapatites, solid tricalcium phos- 
phates, and calcium phosphate cements (CPCs). 


The body resorbs the CPCs through an osteoclastic mediated 
process, which is then followed by new bone formation. 


E Most commonly used to fill bone defects in subchondral 
bone to add mechanical strength to the fracture fixation as 
well as an osteoconductive scaffold. 


E Most common areas of use: tibial plateau, distal radius, cal- 
caneus, and spine. 





PHYSICAL STIMULATION 
THERAPIES (35) 





ŒE Although the majority of fracture healing therapies are ap- 
plied during surgical interventions, there are several non- 
invasive technologies that are being used to help fractures 
unite. 


Electromagnetic Fields (21) 


E Bone has a piezoelectric potential that is load induced due to 
two factors. 


E Current is induced by deformation of collagen. 


E Electrokinetic current is produced by the strain-induced 
flow of charged extracellular fluids. 


E Pulsed electromagnetic fields (PEMFs) are intended to non- 
invasively induce electrical currents to replace endogenous 
currents in the absence of loading. 


ŒE Mollon et al. (38) published a recent meta-analysis that 
concluded a trend toward improved healing in delayed 
unions. 


Low-Intensity Pulsed Ultrasound 
(LIPUS) (12,42) 


E LIPUS has been shown to be effective in treatment of acute, 
delayed, and nonunion of bone (42). 


ŒE LIPUS has been shown in animal models to improve all 
phases of fracture healing. 


M There is evidence that it can modulate gene expression, in- 
fluence second messenger activity of chondroblasts and os- 
teoblasts, enhance blood flow, and accelerate and augment 
fracture healing. 


E Ina study of distal radius fractures, the LIPUS-treated group 
had a 34%-38% decrease in time to union compared to 
controls (47). 
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Extracorporeal Shock Wave Therapy 
(ESWT) (52) 


E Single high-amplitude sound waves propagate through tis- 
sue to create a change in tissue pressure. 

E In vivo animal models have shown increased callus forma- 
tion, decreased healing time, and improved mechanical 
properties (52). 

E Wang et al. (46) demonstrated higher union rates in femur 
and/or tibia fractures treated with surgery and ESWT than 
surgery alone. 

E The clinical efficacy of ESWT is still not fully understood 
secondary to limited randomized clinical trials available to 
evaluate efficacy. 
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Nerve Injury 
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E Most traumatic peripheral nerve injuries occur in the upper 


INTRODUCTION 





Trauma to peripheral nerves is a rare but important cause of 
sport-related injuries in the athlete (27). 





extremity, with the ulnar nerve most frequently injured (11). 


Seddon Classification of Nerve Injury 


The type of peripheral nervous system (PNS) injury thatoc- Œ Neurapraxia denotes injury to myelin alone, with electrodi- 
curs can vary based on numerous factors including type of agnostic findings of conduction block and, later, conduction 
sport, level of competition, and age of athlete (53). velocity slowing along the involved segment of nerve. 
The segment of the PNS affected by injury, including nerve Œ Axonotmesis describes injury to axons resulting in wallerian 
root, plexus, and peripheral nerve, also varies. degeneration. Early electrodiagnostic findings include loss of 
It is important for the physician to be aware of the presen- nerve conduction across the site of the injury (indistinguish- 
tation, diagnosis, prognosis, and treatment of common pe- able from neurapraxia). Later findings of decreased or absent 
ripheral nerve injuries associated with certain sports and evoked potential amplitudes distal to the site of injury are 
athletic participation in general. seen as wallerian degeneration occurs. 
This chapter will provide an overview of peripheral nerve E Neurotmesis is complete disruption of the nerve, with injury 
anatomy and nerve injury diagnosis, classification, and prog- to axons and wallerian degeneration as well as disruption of 
nosis, and identify common peripheral nerve injuries that the supporting connective tissue. This type of injury carries a 
will likely be encountered in the athletic population. poor prognosis for recovery and usually requires urgent sur- 
gical intervention. 
E Electrodiagnostic testing cannot differentiate between com- 


PERIPHERAL NERVE ANATOMY 





Cell body: Located in the anterior horn of the spinal cord 
for motor neurons or in the dorsal root ganglion for sensory 
neurons 

Axon: Projection from the cell body involved in propagation 
of an action potential and transport of cell nutrients. Axons 








plete axonotmetic lesions and neurotmesis because the dif- 
ference between these types of lesions is in the integrity of 
the supporting structures, which have no electrophysiologic 
function. 


Sunderland Classification of Nerve Injury 


may be myelinated or unmyelinated. E Organizes injury type based on the nerve anatomy involved. 
Myelin: Substance produced by Schwann cells, layered to E Class 1: Injury to myelin alone (i.e., neurapraxia). Prognosis 
form a myelin sheath around axons, that acts as insulation for recovery is excellent. 
for the conduction of current. E Class 2: Axonotmesis with injury to axons with intact endo- 
Epineurium: Loose connective tissue that surrounds the en- neurium, perineurium, and epineurium. Prognosis is good 
tire nerve and protects it from compression. in general but varies depending on percentage of axons in- 
Perineurium: Strong layer of connective tissue surrounding jured and distance of lesion from muscle. 
fascicles or bundles of nerve fibers. E Class 3: Axonotmesis with injury to the endoneurium and 
Endoneurium: Connective tissue that surrounds an individ- sparing of the perineurium and epineurium. Prognosis is 
ual axon. poor. Surgery may be required. 

E Class 4: Axonotmesis with injury to the endoneurium and 

RVE INJURY perineurium and sparing of the epineurium. Prognosis is 
NE JU poor. Surgery is required to restore nerve continuity. 
E Class 5: Neurotmesis. Complete transection of the periph- 


E Etiology of peripheral nerve injury includes stretch or trac- 


tion, compression, vibration, laceration, and ischemia (11). 


eral nerve. Surgery is required to restore nerve continuity. 


Prognosis for recovery is particularly poor (38). 
45 
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DIAGNOSIS OF PERIPHERAL 
NERVE INJURY 





Electrodiagnostic testing with nerve conduction studies 
(NCSs) and electromyography (EMG) is necessary to deter- 
mine location, severity, and prognosis of nerve injury. 


Timing of Electrodiagnostic Testing 


Timing of testing depends on the question being asked. 


Immediate to 7 days: Localization of injury with NCS, iden- 
tifying conduction block versus axonotmesis (2,38). 


1-2 weeks: Distinguishes complete lesions from incom- 
plete lesions. May also distinguish axonal from demy- 
elinating lesions (axonotmesis and neurotmesis from 
neurapraxia) (2). 

3—4 weeks: Able to characterize lesion as EMG becomes use- 
ful. A single study at this point will yield the most informa- 
tion (2). Although EMG cannot accurately quantify axonal 
damage, it is the most sensitive indicator that axonal damage 
has occurred. 


3—4 months: Detects reinnervation of previously denervated 
muscles (2,38). 


Prognosis 


Prognosis is based on severity and type of damage to the 
nerve. Although purely neurapraxic (demyelinating) lesions 
have an excellent prognosis for fast and complete recovery, 
axonotmetic and neurotmetic lesions have variable out- 
comes based on the number of axons injured. 


Axonal loss results in decreased evoked potential amplitudes. 
The best determination for degree of axonal loss is compari- 
son to asymptomatic contralateral amplitude. A side-to-side 
amplitude difference of 50% is generally indicative of signifi- 
cant axonal loss. 

EMG can determine complete versus partial functional de- 
nervation based on the absence or presence of motor unit 
action potentials. EMG can also demonstrate evidence of re- 
innervation based on the amplitude, phases, and duration of 
motor unit action potentials. 

Most prognostication for motor recovery after peripheral 
nerve injury is extrapolated from a study of injured facial 
nerve compound motor action potential amplitudes in 
comparison with the asymptomatic contralateral side (45). 
Results indicated: 


=E 0%-10% amplitude of contralateral side: poor prognosis 
=E 10%-30% amplitude of contralateral side: good prognosis 
= > 30% amplitude of contralateral side: excellent prognosis 


Mechanism of injury also contributes to prognosis, with 
avulsion-type injuries having the worst prognosis and com- 
pression injuries having the best prognosis (38). 
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Treatment of Nerve Injury 


Pain Management 


Early treatment is focused on pain control to allow for pas- 
sive range of motion of the affected joint and limb. 


Neuropathic pain is best managed with anticonvulsants, 
such as gabapentin, tricyclic antidepressants, and selective 
norepinephrine and serotonin reuptake inhibitors. Topical 
anesthetics and transcutaneous electrical nerve stimulation 
are good adjunct therapies (11,16,25). 

Pain refractory to these medications and modalities can 
be managed with opioids, nonsteroidal anti-inflammatory 
medications, or in severe cases, a peripheral nerve or spinal 
block (11,25). 

Desensitization techniques are important to reduce hyper- 
sensitivity and allodynia. 


Function and range of motion are also preserved with static 
or dynamic splinting. 


Surgical Management 


Surgical management of nerve injury is dependent on the nerve 
injured, the type of injury, and the timing of injury (11,44,48). 
Acute surgery (within 72 hours of injury) is indicated when 
there is a sharp nerve transection or laceration, or a hema- 
toma or pseudoaneurysm is compressing the nerve (38). 
Early surgery (within several weeks of injury) is indicated 
when there was blunt transection or avulsion of the nerve or 
when complete nerve lesions are noted during initial vascu- 
lar repair surgery or on imaging (38). 

Delayed surgery (3-6 months from injury) is indicated in 
most cases when degree of nerve damage is uncertain. Be- 
cause patients with incomplete nerve lesions have better out- 
comes without surgery, appropriate management involves 
watching and waiting for clinical or electrodiagnostic evi- 
dence of recovery (11). 

Surgical techniques for nerve repair include external neu- 
rolysis, which involves removal of the damaged epineurium, 
end-to-end nerve anastomosis, and nerve transfer or graft- 
ing (11,48). 

Repair to reinnervate the muscle must be performed before 
12-18 months after injury, when irreversible damage to the 
denervated muscle occurs (11). 


Procedures such as tendon and muscle transfer can restore 
function when the primary muscle is irreversibly damaged. 


PERIPHERAL NERVE INJURY IN 
NONCONTACT SPORTS 





PNS injuries make up a small percentage of all sport-related 
traumas. However, there are certain relatively safe sports in 
which peripheral nerve injuries comprise a large proportion 
of all injuries incurred. These are volleyball, cycling, and 
racquet sports. 


Volleyball 


Peripheral nerve injuries are unfortunately common in vol- 
leyball, with the most common being suprascapular nerve 
entrapment at the spinoglenoid notch. 

This presents as painless weakness and atrophy of the infra- 
spinatus in the dominant serving arm of the player. 


Prevalence has been documented to range from 33% to 45% 
of symptomatic international-level players and to be 12% in 
asymptomatic players at the same level (17,19,53). 

EMG reveals isolated infraspinatus denervation and mo- 
tor unit loss (32,53). Possible etiologies of this specific 
nerve entrapment related to volleyball serving include in- 
creased shoulder range of motion and impingement of the 
infraspinatus branch of the suprascapular nerve between 
the edge of the spine of the scapula and the medial tendi- 
nous margin between the infraspinatus and supraspinatus 
muscles (40,53). 


Cycling 


Cycling is commonly associated with two peripheral nerve 
injuries: ulnar neuropathy at the wrist, or “cyclist’s palsy,” 
and pudendal neuropathy. 

Cyclist’s palsy presents as numbness and paresthesias in the 
ulnar distribution of the hand (small finger and ulnar half of 
the ring finger) and weakness of hand intrinsic muscles (24). 
Ulnar neuropathy at the wrist is highly prevalent in long- 
distance cyclists and is independent of handlebar design (24,34) 
Injury is due to compression of the ulnar nerve at the wrist. 
NCSs have demonstrated significantly increased distal motor 
latencies in the deep branch of the ulnar nerve after a long- 
distance cycling event, suggesting the possibility of acute 
trauma (1,24). 

Treatment is usually conservative, including temporary rest 
from cycling, use of gloves and padded handlebars, and hand 
position changes during long rides (24,33,37). Conservative 
management leads to resolution of symptoms in the major- 
ity of cases, and surgical decompression of Guyon’s canal is 
rarely indicated (24). 

Pudendal neuropathy presents as genital numbness affecting 
the penis, scrotum, and/or perianal area and erectile dys- 
function. The area of sensory loss is dependent on the lo- 
cation of nerve compression, with more distal compression 
being associated with penile anesthesia alone. 

The pudendal nerve can be compressed proximally as the 
nerve crosses between the sacrospinal and sacrotuberous lig- 
aments, within Alcock’s canal, or distally between perineum 
and pubic symphysis (2,29). 

Pudendal neuropathy is highly prevalent in both competi- 
tive and recreational long-distance cyclists, with sensory 
symptoms present in 61% and impotency symptoms present 
in 24% of male cyclists riding more than 400 km per week 
(4,24,41,42,47). 
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E Treatment is usually conservative, including temporary rest 
from cycling; change of saddle design to shift weight from 
the perineum to the buttocks; switching to a wider, padded 
saddle with a flexible nose; positioning the saddle nose down- 
ward; decreasing height difference between seat and handle- 
bar; and implementing riding breaks and position changes 
during longer rides (24,41). These modifications can prevent 
the need for surgical pudendal nerve decompression. 


Racquet Sports 


E Injuries in racquet sports are almost exclusively peripheral 
nerve injuries to the dominant arm (53). 

E The posterior interosseous nerve can become entrapped 
with the arcade of Frohse. This presents as wrist and finger 
extensor weakness (22,31,53). 


E Suprascapular neuropathy can also occur due to repetitive 
overhand serving. The pathology of nerve compression 
is similar to that in volleyball players, as discussed earlier 
(39,53). 

E The use of constrictive wrist bands can cause superficial ra- 
dial neuropathy (36,53). 

E Neurogenic thoracic outlet syndrome has been diagnosed in 
the serving arm of tennis players (23,50,53). 





SPORTS AND PERIPHERAL 
NERVE INJURY 





E Sports in general can put peripheral nerves at risk for injury, 
due to the susceptibility of anatomy used to play the sport or 
the contact nature required for play. 

E The nerves of the upper extremity are involved the majority 
of the time, with the most common injury being the “stinger” 
or “burner” (27). 

E Case series describing peripheral nerve injuries in athletes 
have findings that are culture and country specific; thus, 
numbers reflect different levels of participation in vari- 
ous sports. However, studies done in the United States and 
Canada indicate that most peripheral nerve injuries are sus- 
tained playing football (27,52,53). Wrestling and throwing 
sports are also more highly associated with peripheral nerve 
injuries. 





CONTACT SPORTS AND NERVE INJURY 





Stingers and Burners 


E Stingers, also referred to as “burners,” are thought to be the 
result of compression, distraction, or direct blow injuries of 
the C5 and C6 cervical nerve roots or the upper trunk of the 
brachial plexus. This causes acute, temporary pain and par- 
esthesias in the upper extremity (2,3,27,30). 
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Studies that have employed electrodiagnostic testing of ath- 
letes with stingers have demonstrated lesions to the cervical 
nerve roots and brachial plexus (2,8,27,43). 

This is the most common nerve injury encountered in foot- 
ball players, particularly defensive players, and in wrestlers 
(15,26,52,53). 

The current recommendation for diagnostic evaluation and 
return to play is based on number of stingers, whether or not 
stinger recurrence occurred in the same season, and degree 
of clinical sequelae (49). Players with one stinger and no last- 
ing sequelae are able to return to play the same day. Those 
with two or more stingers need a diagnostic evaluation, in- 
cluding magnetic resonance imaging and electrodiagnostic 
testing, before returning to play. Those with three stingers 
in the same season or three stingers in different seasons with 
persistent symptoms are out for the season (49). 


Peroneal Nerve Injury 


The peroneal nerve is the most frequently injured lower ex- 
tremity nerve in athletes (21,27). 

Injury at the fibular head is most common, followed by at 
the ankle. Mechanism of injury is direct blow to the knee or 
ankle sprain (27). 

Concomitant peroneal nerve injury with ligamentous 
trauma (involving the anterior cruciate, posterior cruciate, 
or lateral collateral ligament) and knee dislocation has also 
been described in athletes (27). 


Compartment syndrome in the lower leg can also put the 
peroneal nerve at risk for damage (27). 


Axillary Nerve Injury 


Axillary nerve injury in athletes has been associated with 
anterior shoulder dislocation or direct shoulder trauma (27). 





THROWING SPORTS AND NERVE INJURY 





Several upper extremity nerves, including the suprascapular, 
axillary, and ulnar nerves, are frequently injured in baseball 
and softball players due to the torque force that occurs dur- 
ing overhead throwing (5,7,13,53). 


Ulnar Nerve Injury 


Ulnar neuropathy is most common in baseball pitchers, 
whereas radial neuropathy is common in softball pitchers 
due to the biomechanics of underhand or “windmill” pitch- 
ing (5,14,46). 

The etiology of ulnar neuropathy is attributed to the valgus 
force placed on the medial elbow when the elbow is flexed 
and the wrist is extended during the acceleration phase of 
throwing with elbow flexion and wrist extension. 


General Considerations in Sports Medicine 


With ulnar neuropathy at the elbow, electrodiagnostic stud- 
ies will show slowed conduction velocity across the elbow 
and, in more severe cases, will demonstrate denervation in 
ulnar-innervated muscles 


Management of ulnar neuropathy at the elbow can include 
conservative treatment, but surgical decompression is usu- 
ally most successful. Anterior subcutaneous transposition 
and submuscular transposition have demonstrated favor- 
able outcomes when compared to simple decompression or 
medial epicondylectomy in the overhead-throwing athlete 
(5,6,11,13,14,20,36,54). 


Suprascapular Nerve Injury 


The suprascapular nerve can be compressed in two differ- 
ent anatomic locations, producing different symptoms in the 
thrower: 

E In the suprascapular notch underneath the superior 
transverse scapular ligament (13,35). Injury at this loca- 
tion results in denervation of both the supraspinatus and 
infraspinatus muscles. Patients complain of posterior 
shoulder weakness and pain. 


E At the spinoglenoid notch. Patients will present with 
shoulder weakness; however, the infraspinatus muscle 
alone is involved because the branch to the supraspinatus 
has been spared. Posterior shoulder pain is not usually 
present due to the nerve injury being distal to the supra- 
scapular sensory nerve fibers (13,19). A ganglion cyst can 
also compress the suprascapular nerve, with the most 
common location for a cyst to develop at the spinogle- 
noid notch (12,13,18). 

Electrodiagnostic studies can localize the suprascapular 
nerve injury, as well as rule out cervical radiculopathy and 
brachial plexopathy. NCSs can demonstrate an increased 
compound motor action potential latency, whereas EMG 
will determine if there is denervation of the supraspinatus, 
infraspinatus, or both. 


Axillary Nerve Injury 


The axillary nerve is rarely injured in throwers, but when 
affected is usually due to the quadrilateral space syndrome. 
The syndrome involves compression of the axillary nerve 
in the quadrilateral space, due to a fibrous band or gan- 
glion cyst within the space or decreased space between 
teres major and minor during the late cocking phase of 
pitch (10,13). 

Treatment of nerve injury in the throwing arm is usually 
conservative, consisting of throwing rest, physical therapy 
focusing on shoulder and trunk flexibility and strength, and 
correction of altered throwing mechanics (13). 

Surgery is indicated if there is no improvement with non- 
operative management, if there is a mass lesion causing the 
symptoms, or if the neuropathy is severe (13). 





CARPAL TUNNEL SYNDROME 
IN ATHLETES 





Cases of carpal tunnel syndrome (CTS) are usually found 
incidentally in asymptomatic athletes who undergo electro- 
diagnostic testing for other nerve injuries (27). 
Symptomatic CTS is most common in sports that require re- 
petitive wrist maneuvers, such as weight lifting, cycling, and 
racquet sports (2,9,27,28,36,43,51). 





CONCLUSION 





Peripheral nerve trauma is a rare but potentially debilitating 
occurrence in sports. 

Nerves of the upper extremity are more often affected than 
those in the lower extremity. 

Sports in general put nerves at risk, but certain sports are more 
highly associated with peripheral nerve injury than others. 
Diagnosis of nerve injury is achieved by combining clinical 
findings, appropriate imaging, and electrodiagnostic studies. 
Treatment can be conservative or surgical, depending on the 
type and severity of nerve injury. 

Prognosis of nerve injury is dependent on injury severity, 
mechanism of injury, and location of injury. 
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SKELETAL MUSCLE INJURY AND REPAIR 





Muscle injury is the most common musculoskeletal complaint 
in the athlete. Common muscle injuries include muscle strains, 
delayed muscle soreness, contusions, and cramps. Muscle inju- 
ry results in 15%—50% of all injuries sustained in sports. More 
than 90% of these frequent injuries are contusions and strains, 
whereas laceration is considered the least frequent (20,27). 


Anatomy and Physiology 


E Skeletal muscle is composed primarily of contractile proteins 


(myosin and actin), regulatory proteins (tropomyosin and 
troponin), and a connective tissue matrix (13). 

The muscle fiber is the basic structural element of skeletal 
muscle. Muscle is a syncytium of multinucleated fibers (17). 
The functional unit of muscle is the sarcomere. Within each 
sarcomere are light and dark bands. The dark bands are 
made up of both the thick myosin and thin actin filaments, 
whereas the light bands are made up of just the thin actin 
filaments that connect to the Z lines. 


A muscle fiber originates via a tendon from bone, traverses one 
or more joints, and joins with a tendon that inserts to bone. 
Fiber arrangement can be parallel or oblique (unipennate, 
bipennate, multipennate) in orientation. Fibers can be classi- 
fied as Type I (slow-twitch oxidative) and Type II (fast-twitch). 
Type II fibers are further classified into Type Ia (fast-twitch 
oxidative glycolytic) and Type IIb (fast-twitch glycolytic). 
Satellite cells are separate cells along the periphery of the 
muscle fiber that are important in cellular regeneration in 
response to injury. Satellite cells proliferate and transform 
into myotubes in response to growth factors and cytokines 
that mediate the repair process (62). 

The musculotendinous junction is a specialized region of 
highly folded membranes that increase the surface area for 
force transmission (13). Most muscle strain injuries occur in 
this region. 

The sarcoplasmic reticulum is a specialized cellular organ- 
elle that is responsible for calcium movement across the cell 
membrane and electrical transmission within the cell. 








E A motor unit is a motor neuron and all the muscle fibers it 


innervates. The motor neuron innervates each of its muscle 
fibers at a motor end plate. The number of myofibers in a 
motor unit and the number of motor units in a skeletal mus- 
cle are determined by the function of the muscle (20). The 
fewer the fibers in a motor unit, the finer is the control (e.g., 
ocular muscles), whereas many fibers in a motor unit lead to 
gross movements (e.g., quadriceps). 


A muscle contraction begins when an electrical impulse 
travels down a motor neuron’s axon to its motor end plates. 
This electrical impulse triggers the release of acetylcholine 
that migrates to receptors on the myofiber and causes a de- 
polarization of the sarcolemma. The depolarization travels 
deep into the muscle by the transverse tubule, triggering the 
release of calcium from the sarcoplasmic reticulum. Calcium 
binds to troponin, which results in a conformational change 
in the tropomyosin, opening actin’s active site and allowing 
the crossbridges of the myosin head to interact. The cross- 
bridges then undergo their own conformational change that 
pulls the thin actin filament to slide past the myosin toward 
the center of the sarcomere. The process of sarcolemmal 
depolarization and the resulting sliding of the filaments is 
referred to as excitation—contraction coupling. The physi- 
cal process of muscle contraction is the sliding of the actin 
filament past the myosin filament toward the center of the 
sarcomere pulling the ends of the sarcomere (the Z lines) to- 
ward each other. The whole muscle shortens when the pro- 
cess is multiplied over thousands of sarcomeres, thousands 
of conformational changes at the myosin crossbridge heads, 
and all of the activated fibers. This process is powered by the 
hydrolysis of adenosine triphosphate (ATP) to both bind 
and break the connection of the crossbridge with the actin 
filament (17,20). 

Muscle contraction can be isometric, concentric, or eccen- 
tric. Isometric contraction is when the force by the muscle 
is equal to the load, and although there is no visible joint 
movement, the muscle does shorten. By recruiting more 
muscle fibers to overcome the external load, a concentric 
(or shortening) contraction can occur, and there is visible 
joint movement. Eccentric contraction is when the external 
load is greater than the force generated by the muscle and the 
muscle lengthens (20). For example, raising the weight in an 
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arm curl is a concentric contraction of the elbow flexors, and 
lowering the weight is an eccentric contraction of the same 
flexors. Isometric strength measurements are strongly pre- 
dictive of functional capacity and are sensitive in detecting 
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MDSCs have also been used to produce proregenerative and 
antifibrotic agents (18). However, the medical evidence in 
humans is limited, and further studies are needed. 


changes in muscle strength (36). Muscle Strain Injury 


Reparative Process E Muscle strain is the most common injury sustained in sports. 


E The pathophysiology of the healing muscle is similar regard- 


less of the type of injury. Healing occurs in three distinct 
phases: (a) degeneration and inflammation; (b) muscle re- 
generation; (c) development of fibrosis (20). The reparative 
process involves both inflammatory cells (neutrophils, mac- 
rophages) and myogenic (satellite) cells. 


Acute hemorrhage and inflammatory cell infiltration of the 
damaged muscle tissue occurs shortly after injury (40). 


E Initially, neutrophils infiltrate the injury site via cellular 
chemotaxis. Mediators such as basic fibroblast growth fac- 
tor (BFGF), platelet-derived growth factor (PDGF), and 
interleukin-1 (IL-1) regulate myoblast proliferation and 
differentiation to foster regeneration and repair of the 
muscle, as well as stimulation of macrophages and fibro- 
blasts within the muscle tissue (17,20). 


E Macrophages are the most prevalent inflammatory cells 
present in injured muscle. Distinct subclasses of mac- 
rophages have been identified and play specific roles 
in the healing process. One subclass of macrophages 
is involved in the phagocytosis of damaged tissue and 
further stimulation of the inflammatory response. 
A second subclass of macrophages helps modulate the 
reparative process (61). 


E Satellite cells are myogenic mononuclear cells responsible for 


muscle fiber repair and regeneration processes. They are lo- 
cated beneath the basal lamina of skeletal muscle fibers. Me- 
chanical or chemical insults stimulate quiescent satellite cells 
through hepatocyte growth factor (HGF)/nitric oxide radi- 
cal-dependent pathways (3,53). The activated satellite cells 
enter the cycle cell and differentiate into myoblasts, which 
fuse together and develop into multinucleated muscle fibers. 
Typically, these repaired myofibers attach to the extracellular 
matrix of the newly formed scar (32). 


Fibroblast proliferation and collagen matrix synthesis occur 
along with the inflammatory response and muscle regenera- 
tion. This connective tissue scar formation may inhibit the 
complete repair of injured muscle (32). Muscle degeneration 
and inflammation occur during the first days after injury. 
Regeneration then starts after 1 week, peaks at 2 weeks, and 
is typically complete by 3—4 weeks. Scar tissue starts to form 
2-3 weeks after injury and increases (18). 

There has been considerable muscle-derived stem cell 
(MDSC) research recently, and the literature provides evi- 
dence that stem cells participate in myofiber regeneration. 
In addition, these pluripotent stem cells can differentiate 
into endothelial and neural lineages, which may be benefi- 
cial in vascular and neural supply to the regenerating muscle. 


Muscle can be functionally limited from delayed muscle 
soreness (discussed later), partial muscle strain, or complete 
muscle disruption. 


A common feature in muscle tissue injury is muscle stretch 
in combination with a strong contraction in two-joint mus- 
cles (e.g., rectus femoris, biceps femoris, gastrocnemius) or 
muscles with a complex architecture (e.g., adductor longus). 
The injury occurs when selected muscles restrict range of 
motion of the joint they cross and a significant amount of 
tension is placed on that muscle (40). 

Clinically, muscle injury (strain/contusion) is classified de- 
pending on the level of damage generated: mild when the 
loss of strength and movement is minimal or nonexistent, 
moderate with inability to contract, and severe for absolute 
loss of function (22). 


Mechanism of Injury 


E Although a concentric muscle contraction alone is insufficient 


to create muscle strain injury, the force per fiber is higher in 
the relatively few muscle fibers needed during eccentric mus- 
cular contraction. The combination of passive stretch of the 
muscle past its resting length, eccentric loads, and the subse- 
quent concentric contraction is required to injure the muscle 
(16). This overextension and tension development can then 
disrupt the myofibers near the myotendinous junction (26). 


Cellular disruption results in the hydrolysis of structural 
proteins and inflammation that further damages the muscle 
tissue (39). 

Animal studies reveal that muscle tissue sustaining a nondis- 
ruptive strain injury demonstrates decreased load to failure 
when subjected to stress (41,60). In addition, these partially 
injured muscles generate significantly less contractile force, 
which contributes to the clinical observation that significant 
muscle strain injuries are frequently preceded by a minor in- 
jury. These studies also underscore the importance of rest and 
complete recovery prior to the resumption of athletic activities. 


Diagnosis and Imaging 
E Although reviewing the athlete’s history is essential, tender- 


ness to palpation at the myotendinous junction is hallmark. 
When a complete rupture is present, a defect may be pal- 
pated, and weakness should be expected. 


Ultrasound, due to its lower costs and portability, is some- 
times the first diagnostic modality. Evaluation of superficial 
structures such as the patellar tendon is easier with ultra- 
sound; however, in athletes with a voluminous musculature, 
the evaluation of deep structures may be difficult due to dis- 
sipation of the sound waves and the lack of reflection over 
long distances (4). 


E Magnetic resonance imaging is typically unnecessary for diag- 
nosis of muscle strain, but it may help determine the severity 
of the strain, continuity of the myotendinous junction, and 
possible convalescent time, which is crucial for elite athletes. 
T1-weighted images show excellent anatomic detail such as 
the myotendinous junction disruption, whereas T2-weighted 
images are fluid-sensitive and reveal pathologic processes in- 
volved in edema, making muscle strains easy to visualize (4,40). 


Reparative Response 


E Similar to general reparative response of muscle described 
earlier. 


E The presence of inelastic fibrotic tissue (scar) may make the 
muscle more susceptible to additional injury. 


Treatment and Prevention 


E Reduced activity is key in the treatment of muscle strain in- 
juries. This helps control inflammation and prevents further 
tissue damage. 

E The RICE principle (rest, ice, compression, and elevation) 
should be implemented immediately after skeletal muscle 
injury. Immobilization can diminish pain, reduce inflamma- 
tion, and allow torn muscle ends to reapproximate. Prolonged 
muscle immobilization (> 7—14 days) results in lower loads to 
failure and should be avoided. Early motion also limits adhe- 
sions and provides quicker proprioceptive recovery (40). 

E Therapeutic ultrasound is thought to relieve pain and pro- 
mote muscle regeneration during the initial phase of mus- 
cle injuries. Its recommendation and use is promoted even 
though the results from animal studies have not been en- 
couraging. In addition, its effectiveness in the complete heal- 
ing process is questionable (47,64). 


Æ Clinical trials have failed to demonstrate the benefits of hy- 
perbaric oxygen therapy in the treatment of mild muscle 
injuries in athletes (12). 

E Nonsteroidal anti-inflammatory drugs 


E Animal studies demonstrate that nonsteroidal anti- 
inflammatory drugs (NSAIDs) reduce the inflammatory 
response associated with muscle strain injury, providing 
more complete functional recovery by 1 week. A certain 
level of inflammation is necessary, however, to remove 
necrotic tissue and permit healing; thus, NSAIDs may 
delay complete healing of the damaged muscle tissue 
(39,41). The indication for the use of these drugs in mus- 
cle strain injury is unclear, and many physicians recom- 
mend only a short course of NSAIDs immediately after 
the acute strain (40). 


E Cryotherapy provides an analgesic effect, but its effect on 
inflammation is also unclear (40). Some authors state that 
icing injured skeletal muscle should be applied for 6 hours 
to limit the hemorrhage and tissue necrosis formation (51). 


E Muscle strengthening 


E Muscle strengthening is an important factor in the re- 
covery of injured muscle and the prevention of reinjury. 
Eccentric muscle strengthening exercises have been 
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shown to decrease the rate of hamstring injuries in stud- 
ies that compare conventional and eccentric strengthen- 
ing exercises (6,7,14,15). 

E The gradual return to training activity should be con- 
sidered when the athlete is able to stretch the injured 
muscle as far as the contralateral muscle and denies pain 
with basic movements (44). One prospective random- 
ized study on hamstring strains highlighted that exercis- 
es of progressive agility and trunk stabilization resulted 
in fewer reinjuries and accelerated the return to practice 
of the athlete when compared to a stretch and strength 
protocol (54). 


E Muscle stretching and warm-up 


E Muscle is viscoelastic material, and passive stretching can 
reduce stress for a given muscle length (59). In addition, 
preconditioned muscle and warm muscle fail at higher 
loads than control muscle (49). A recent review stated 
that a warm-up and stretching protocol implemented 
within the 15 minutes prior to starting physical activity 
results in better performance scores and fewer muscle in- 
juries (67). 

E A systematic review of clinical and basic science litera- 
ture, however, questioned this conclusion, stating that an 
intense period of stretching prior to exercise did not im- 
prove the athlete’s performance, failed to prevent muscle 
injuries, and may make the muscle more susceptible to 
injury (55). It also points out that the study of stretching 
should not be limited to muscle injuries and the analy- 
sis should include other types of injuries (56-58). Ad- 
ditional studies are needed before definitive conclusions 
can be made. 


E A clinical study at the U.S. Military Academy examined 
the effects of dynamic warm-up versus a static stretching 
warm-up in running performance, underhand medicine 
ball throw for distance, and the five-step jump. The study 
concluded that dynamic warm-up enhanced the athlete’s 
performance, whereas static stretching warm-up showed 
almost no effect and should be reassessed (37). 


Delayed Muscle Soreness 


E Delayed muscle soreness is defined as skeletal muscle pain 


24-72 hours after unaccustomed physical activity. The pain 
lasts approximately 5-7 days and can range from mild sore- 
ness to severe discomfort (5). Loss of both muscle strength 
and joint range of motion, tenderness, and elevated muscle 
enzymes are also present. 


Strength loss can be explained by both the presence of pain 
and a decrease in the inherent force-producing capacity of 
the muscle fibers (5). 


Reduced range of motion and elevated levels of creatine 
kinase are common 1-2 days after the strenuous exercise; 
however, peak creatine kinase levels have not been shown to 
be correlated with the temporal aspects of pain or degree of 
tissue injury (34). 
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No permanent muscle injury occurs, and complete muscle 
recovery is seen within 14 days. The adaptation to the unac- 
customed exercise (i.e., less soreness with successive bouts of 
the exercise) is rapid (9). 

Delayed muscle soreness occurs most commonly in fast- 
type muscle fibers when performing eccentric activity and is 
related to both the intensity and duration of activity. 


Pathophysiology 


High tension over a small cross-sectional area (seen in eccen- 
tric muscular contraction) results in cytoskeletal disruption. 


Sarcolemma (cell membrane) and other myofibrillar disrup- 
tion results in an influx of intracellular Ca’* that induces 
proteolytic enzyme-mediated myoprotein degradation 
(534,45). 

Cellular damage results in the activation of the inflamma- 
tory process. This stimulates nociceptors within the muscle, 
resulting in the production of pain (5,34). 


Treatment and Prevention 


Further exercise appears to be the most effective method of 
diminishing the symptoms of delayed muscle soreness (9). 
This is most likely due to exercise-induced production of 
endorphins, a stronger cytoskeleton, or alterations in neural 
pathways (5). 

Delayed muscle soreness diminishes with repetition of exer- 
cise; light activity and stretching preserve range of motion 
(40) for reasons that remain unclear. There is still contin- 
ued muscle tissue damage with repetitive exercise, but to a 
progressively lesser extent. Perceptual discomfort associated 
with this tissue damage, however, is greatly diminished. 
NSAIDs demonstrate similar effects in an exercise-induced 
muscle injury model as they do in other muscle injury models. 
There is early benefit to the muscle by limiting inflammation, 
but the later negative effects on maximum muscle function 
discussed earlier persist (38). 


Muscle Contusion Injury 


Muscle contusions are common injuries in collision and con- 
tact sports. These soft tissue injuries are frequently caused by 
impact with a blunt, nonpenetrating object. In most cases, 
contusions involve the lower extremity muscle groups such 
as the quadriceps, gastrocnemius, or anterior muscles of the 
leg (13). 

The initial clinical presentation includes pain, swelling, loss 
of joint range of motion, and the possibility of a palpable 
muscle defect. This can be followed by persistent swelling 
and warmth, a firm mass, and continued loss of motion. 
Animal studies of muscle contusion injury demonstrate 
muscle fiber rupture, resulting in hematoma formation, 
edema, and inflammation (63). 


Reparative Response 


The process of muscle contusion healing is similar to the 
general process of muscle healing, involving a combina- 


General Considerations in Sports Medicine 


tion of the formation of scar tissue by fibroblasts and the 
regeneration of normal muscle by migrating myoblasts (10). 
There appears to be less scar formation from a contusion 
than with a muscle strain injury. 


Diagnosis and Treatment 
E RICE principle is usually the first treatment option for the 


athlete immediately after the injury. 


E Immobilization versus mobilization of contused muscle 


E Briefimmobilization (< 5 days) leads to faster healing with- 
out further tissue damage, whereas prolonged immobiliza- 
tion results in muscle atrophy and delayed muscle activity 
(in a rat model) (23,31). In addition, early mobilization re- 
sults in increased tensile stiffness of contused muscle and 
more rapid resolution of the contusion injury (24). 

E Clinical studies from the U.S. Military Academy demon- 
strate that a brief period of immobilization (24—48 hours), 
with the involved muscle in a lengthened position, fol- 
lowed by mobilization results in earlier recovery than pro- 
longed muscle immobilization (22,48). 

E Ultrasound has been useful in distinguishing swelling 
and edema from hematoma formation. This helps when 
considering surgical evacuation of the hematoma and 
when electing a less aggressive approach using compres- 
sion and early mobilization (10). 


Pharmacologic Treatment 
E Animal studies have demonstrated that both corticosteroids 


and NSAIDs cause a decrease in the early inflammatory re- 
sponse (11); however, there is delayed muscle regeneration 
and a decrease in the later tensile properties of the healed 
muscle. Although the clinical use of anabolic steroids and 
growth factors has not been approved, recent animal studies 
show these can produce beneficial effects in the healing of 
contused muscle (10). 


Myositis ossificans is a complication of concern from muscle 
contusion injury. In the West Point study, 9% of the contu- 
sion injuries developed myositis ossificans as a complication 
(22,48). The etiology of this abnormal bone formation is 
unclear, but this diagnosis is related to the degree of mus- 
cle injury, the region injured (quadriceps and brachialis), 
and the number of times the muscle is subjected to trauma 
(10). Clinically, there is tenderness, swelling, loss of motion, 
persistent warmth, and a firm mass in the area of the bone 
formation. By 4 weeks, abnormal bone is evident on radio- 
graphs that resembles mature bone by 6 months (13). There 
are three forms of myositis ossificans: (a) a thin stalk of bone 
that connects the ossified muscle to the bone; (b) a broad- 
based ossification that has contact with the bone lying be- 
neath; and (c) an ossification that originates entirely in the 
muscle and does not have connection with the underlying 
bone (10). Frequently, the calcium deposits are spontane- 
ously reabsorbed after several months. Surgical resection, 
if necessary, should be delayed until the osteoblast activity 
has ceased (6 months to 1 year) and there is no evidence of 
increased tracer uptake on a bone scan. 


Muscle Cramps 


Muscle cramps affect both athletes and nonathletes. The gas- 
trocnemius, hamstrings, and quadriceps muscles are most 
commonly involved, but cramping can involve nearly any 
muscle group. Cramps begin with the muscle in a shortened 
position. 

The development of muscle cramps usually starts with 
a twitching of the muscle due to skeletal muscle fatigue 
(“cramp-prone state”), followed by spasmodic spontaneous 
contractions and pain. Electrical evidence suggests that the 
source of the abnormal activity is coming from the nerve 
within the muscle (13). Relief from cramping and pain is 
achieved with complete cessation of the activity. 


The etiology of muscle cramping is unclear. Historically, 
muscle cramps were thought to be associated with systemic 
electrolyte abnormalities (hyponatremia, hypokalemia, 
hypocalcemia, and hypomagnesemia), hydration status, 
metabolic abnormalities, and environmental factors. Recent 
research suggests that a primary factor is fatigue-induced 
alterations in neuromuscular control (52). 


Passive stretching is the most reliable immediate treatment 
to alleviate the cramped muscle group. Fluids and sodium 
replacement are still considered, but their use is controver- 
sial, and the effect is equivocal (52). 

A comprehensive and detailed assessment, including endo- 
crine disorders, is needed for athletes who suffer from fre- 
quent cramps. 


Muscle Laceration 


Muscle laceration is seen more often in trauma than sports. 
When a muscle is completely lacerated, 50% of its strength 
and 80% of its ability to shorten can be expected to be 
lost (40). 

In a murine model, immediate suturing of the fascia of the 
lacerated muscle has been shown to favor healing and to sup- 
press the formation of deep scars, whereas with immobiliza- 
tion, the regeneration time of the injured muscle was longer 
and the scar was considerably larger (20). 





TENDON INJURY REPAIR 





Tendon injuries are secondary to direct trauma (lacerations) 
or tensile overload. 


Tensile overload injuries are very common athletic injuries 
and can occur acutely or as a result of chronic overload. 


Acute tendon overload usually results in injury to the mus- 
culotendinous junction or a bony avulsion since tendons can 
withstand high tensile loads. A normal tendon does not rup- 
ture midsubstance. 


Chronic tendon overload is a common overuse injury and 
will be the focus of this section. 
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Anatomy and Physiology 


E Tendons consist primarily of type I collagen fibrils, a proteo- 


glycan matrix, and relatively few fibroblasts. A fibroblast is 
a contractile cell that produces procollagen that is secreted 
to the extracellular compartment as a soluble tropocolla- 
gen molecule, which after noncovalent cross-links results in 
insoluble collagen. The aggregation of this molecule forms 
collagen fibrils. 
E Type I collagen consists of two a-1 polypeptide chains 
and one a-2 chain that are organized into a triple helix 
stabilized by hydrogen and covalent bonds (65). 


E The collagen triple-helix molecules are aligned in quarter- 
staggered arrangement to make up the collagen microfi- 
bril. This alignment of oppositely charged amino acids 
contributes to tendon’s strength. 

E The microfibrils are then arranged in a parallel, well- 
ordered, and densely packed fashion. This organization 
also contributes to the tendon’s tensile strength. The mi- 
crofibrils are combined with a proteoglycan and water 
matrix to form collagen fascicles. The tendon consists 
of groupings of these fascicles surrounded by connective 
tissue that contains blood vessels, nerves, and lymphat- 
ics (65). Tendons receive blood through the surrounding 
tissues, which reaches the cells through the paratenon, 
mesotenon, or vincula. The nervous supply is picked up 
through mechanoreceptors located near the musculoten- 
dinous junction. 

The insertion of tendons onto bone is usually via four zones: 

tendon, fibrocartilage, mineralized fibrocartilage, and bone. 


Tendons that bend at acute angles (e.g., flexor tendons in the 
hands) are enclosed in a distinct sheath that acts as a pulley 
(65). Synovial fluid within the sheath assists in tendon glid- 
ing. Tendons that are not enclosed in a sheath (e.g., Achilles 
tendon) are covered by a paratenon. 


Mechanical forces affect the characteristics of tendon. Ten- 
dons subjected to tensile loads have smaller densely packed 
collagen fibrils, increased collagen synthesis, smaller pro- 
teoglycan (decorin), and a higher collagen-to-proteoglycan 
ratio. Tendons sustaining compressive loads exhibit in- 
creased proteoglycan molecules and larger less dense col- 
lagen fibrils (21). 

Aging also affects the material characteristics of tendon. The 
decreased collagen synthesis, increased collagen fibril diam- 
eter, decreased proteoglycan content, decreased water con- 
tent, and decreased vascularity of the aging tendon leads to a 
stiffer and weaker tendon (21). 


Chronic Tensile Overload Injuries 


Terminology 
E There is significant confusion regarding the terminology of 


chronic tendon injuries. Tendinitis (or tendonitis) and ten- 
dinosis are frequently used terms to describe the clinical pic- 
ture of pain, swelling, and stiffness in a tendon. 
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Terminology based on pathology has been proposed (25). 

E Paratenonitis: Inflammation of the paratenon or tendon 
sheath. Peritendinitis and tenosynovitis are included in 
this category. 

E Paratenonitis with tendinosis: Tendon degeneration with 
concomitant paratenon inflammation. 

E Tendinosis: Tendon degeneration without inflammation. 

E Tendinitis: Inflammation within the tendon. 

Tendinopathy has been proposed as a generic term describing 

the clinical picture of pain, swelling, and impaired perfor- 

mance (35). 


Etiology 


The etiology of chronic tendon injuries is multifactorial and 
involves a combination of intrinsic and extrinsic factors. 


Important intrinsic factors include anatomic abnormalities 
(e.g., malalignment, muscle weakness/imbalance, decreased 
flexibility, and joint laxity), age, gender, weight, and predis- 
posing diseases (1,2,29). 

Important extrinsic factors include excessive mechanical 
load (frequency, duration, and intensity), training, errors 
(overtraining, rapid progression, fatigue, running surface, 
and poor technique), and equipment problems (footwear, 
racquets, and seat height) (1,2,29). 

There are very few well-controlled studies that examine the 
etiologic factors involved in chronic tendon injuries. 


Pathophysiology 


Repetitive load on a tendon that results in 4%-8% strain 
causes microscopic tendon fiber damage. Continued load on 
the tendon at this level overwhelms the tendon’s ability for 
repair. Damage occurs to the collagen fibrils, the noncollag- 
enous matrix, and microvasculature (21). 


Cellular damage results in inflammation of the surround- 
ing paratenon (paratenonitis). Tissue edema, fibrin exudate, 
and capillary occlusion result in local tissue hypoxia. Audible 
crepitation may be noted in examination (29). 


The paratenon becomes thickened as fibroblast proliferation 
and fibrotic adhesions develop. This results in decreased ten- 
don gliding and snapping. 

Intrinsic tendon damage (tendinosis) may occur with con- 
tinued tendon overload. Tendon degeneration may appear as 
a number of histologic entities (e.g., hypoxic degeneration, 
mucoid degeneration, fiber calcification) (29). 

The casual link between initial inflammation (paratenonitis) 
and tendon degeneration (tendinosis) is unclear. Chronic 
paratenonitis can result in tendon degeneration in an animal 
model (8); however, a large clinical study showed no previ- 
ous evidence of paratenonitis in over 60% of patients who 
sustained an Achilles tendon rupture (30). The initial parate- 
nonitis may be a causative factor for tendon degeneration or 
it may coexist independently. 


The exact cellular mechanism of tendon degeneration has 
not been fully defined. Important factors include tissue 
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hypoxia, free radical-induced tendon damage, and tissue hy- 
perthermia (29). Recent evidence shows that tendon overuse 
results in matrix metalloproteinase production, tendon cell 
apoptosis, chondroid metaplasia of the tendon, and release 
of protective factors like insulin-like growth factor 1 and 
nitric oxide synthetase (28,33). The disproportion between 
protective/regenerative changes and pathologic responses 
from tendon overuse results in tendinopathy. 


Diagnosis 


E The history often reveals repetitive mechanical overload. 


The athlete will usually be involved in either an endurance 
sport (e.g., running, cycling, or swimming) or a sport that 
requires repetition of a specialized skill (e.g., tennis, basket- 
ball, or baseball) (19). The athlete frequently will describe an 
increase in the duration, frequency, or intensity of the train- 
ing regimen. The pain may be worse after a period of rest fol- 
lowing the training period. Changes in footwear, equipment, 
or training surface may be present. 


The physical examination may reveal swelling or crepitation 
along the tendon sheath. The degenerative tendon may be 
tender to palpation or painful with compression (impinge- 
ment signs). Range of motion may be restricted (2). 
Diagnostic tests include radiographs to exclude stress frac- 
tures or osteoarthritis. Ultrasound or magnetic resonance 
imaging can be useful in tendons that are not easily palpated 
(e.g., the rotator cuff). 


Treatment 


E Removing or modifying the mechanical overload (relative 


rest) is the most important component in the treatment 
of chronic tendon injuries. Training errors and equipment 
problems should also be corrected. 


Prolonged immobilization should be avoided. Immobiliza- 
tion results in deceased tendon strength and stiffness due to 
proteolytic degradation of collagen (21). 

Physical therapy is often prescribed for chronic tendon dis- 
orders. Stretching and strengthening (particularly eccentric 
exercises) are thought to be beneficial. Modalities such as 
heat, ice, ultrasound, iontophoresis, deep transverse friction 
massage, and low-level laser therapy may also improve the 
patient’s symptoms, but there is little evidence that these 
techniques accelerate tendon healing. 


NSAIDs are frequently taken for chronic tendon disorders. 
A recent review stated that five of nine placebo-controlled 
studies demonstrated the efficacy of NSAIDs in treatment of 
tendinopathy (2). There is no evidence that NSAIDs improve 
healing processes in tendon degeneration, and there is evi- 
dence in muscle injury that NSAIDs may actually be harm- 
ful to tissue healing (38). Short-term use of NSAIDs may be 
indicated to provide analgesia for the athlete. 


The use of corticosteroid injections in the treatment of tendi- 
nopathy is controversial. The rationale of using a local anti- 
inflammatory medication for a disease process that involves 
tissue degeneration is questionable. Corticosteroids may 


decrease inflammation in the paratenon, reduce adhesions 
between the tendon and the peritendinous tissue, or block 
nociceptors in the damaged tendon (42); however, only three 
of eight placebo-controlled studies demonstrate the efficacy 
of corticosteroid injections (2). Direct injections into the 
tendon substance should be avoided because they result in 
elevated tissue pressure and tissue damage. The use of corti- 
costeroid injections around weight-bearing tendons, such as 
the Achilles tendon and patellar tendon, remains controver- 
sial. There have been case reports of tendon rupture, but there 
are no controlled studies, and the tendon rupture may have 
occurred without injection. It is difficult to make recommen- 
dations on the use of corticosteroid injections because of the 
paucity of scientific evidence regarding their use. 

Æ Platelet-rich plasma (PRP) is the plasma portion of autolo- 
gous blood with a concentration of platelets above baseline. 
PRP contains a high concentration of growth factors that 
upregulate numerous modulators involved in muscle and 
tendon regeneration. It is thought that PRP interrupts mac- 
rophage proliferation and IL-1 production, which would 
prevent fibrous scar (66). Favorable outcomes have been 
reported for the use of PRP in lateral epicondylitis (43), 
Achilles ruptures (50), and rotator cuff tears (46). Although 
PRP is an encouraging treatment option, more controlled 
studies are needed to fully support the benefits of its use in 
muscle and tendon injuries. 

E The surgical treatment of chronic tendon injury is usually re- 
served for those cases that do not resolve within 4-6 months 
of nonsurgical treatment. The surgical procedures usually 
involve debridement of the degenerative tendon tissue. Occa- 
sionally, grafting or complete resection and repair is required 
(1). Occasionally, removal of the involved paratenon or release 
of the tendon sheath is necessary. Bony prominences, osteo- 
phytes, or deformities may require removal (e.g., Haglund tu- 
berosity, around the acromion). There are case series reported 
in the literature that demonstrate the success of surgical man- 
agement, but there are very few controlled studies. 
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Basic Principles of Exercise 
Training and Conditioning 
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INTRODUCTION 





Participation in exercise is a critical component of healthful 
living and reduced all-cause mortality. Moderate-intensity 
physical activity is related to numerous health benefits, in- 
cluding musculoskeletal adaptation, increased circulatory 
capacity, and improvements in metabolism and body com- 
position. Regular exercise induces central nervous system 
benefits (1), improves mood, and reduces stress. 

The Centers for Disease Control and Prevention (CDC) and 
the American College of Sports Medicine® (ACSM) now 
recommend that every U.S. adult accumulate 30 minutes 
or more of moderate-intensity physical activity on most — 
and preferably all — days of the week. Those who follow 
these recommendations will experience many of the health- 
related benefits of physical activity, and if they are interested 
in achieving higher levels of fitness, they will be ready to do 
so (2,3,7). 

This chapter integrates and complements Chapters 5 (Basics 
in Exercise Physiology), 11 (Basics in Sports Nutrition), and 
12 (Exercise Prescription), by specifically identifying appro- 
priate principles for effective training to achieve the afore- 
mentioned fitness goals. 





THE EXERCISE PRESCRIPTION AND 
TRAINING PROGRAM 





Recommendations for Cardiorespiratory 
Endurance Training 


Chapter 12 details current guidelines from ACSM; this chap- 
ter elaborates upon those recommendations and outlines 
the integration of these guidelines into a sequenced exercise 
program. 


Mode 


The best improvements in cardiorespiratory endurance occur 
when large muscle groups are engaged in rhythmic aerobic 
activity. 


Variety facilitates enjoyment and enhances compliance. 





E Examples of activities include walking, jogging, cycling, row- 


ing, stair climbing, aerobic dance (aerobics), water exercise, 
and cross-country skiing (2,3). 


Intensity 
E The ACSM recommends that exercise intensity be prescribed 


within a range of 70%—85% of maximal heart rate (HRmax)» 

50%-85% of maximal volume of oxygen consumed per unit 

time (VOomax), or 60%-80% of maximum metabolic equiva- 

lents (METs), or heart rate reserve (HRR). 

E Because there is variability with the HRmax from age, the 
use of an actual heart rate (HR) from a graded exercise 
test is optimal. 

E Lower intensities (40%—50% of VO max) elicit a favorable 
response in low-fit individuals, inpatient populations, 
and those with musculoskeletal pain. 

Calculating intensity: The most common methods of setting 

the intensity of exercise to improve or maintain cardiorespi- 

ratory fitness use HR and rating of perceived exertion (RPE). 

HR methods: HR is used as a guide to set exercise intensity 

because of the relatively linear relationship between HR and 

percentage of V Ozmax (YOVOrmax)- It is best to measure HR max 
during a progressive exercise test whenever possible because 

HRmax declines with age. HR max can be estimated by using the 

following equation: (HRmax = 220 — age). 

HRmax method: Using 70%-85% of an individual’s HR max 

approximates 55%—-75% VOomax. Example: If HRmax = 

180 bpm, then target HR (70%-85% HRmax) would range 

from 126 to 152 bpm. Given that there is variance around 

the HR of + 15 bpm, the target HR should be calculated 

10%-15% higher (7). 

HRR method: The HRR method is also known as the 

Karvonen method. Target HR range = [(HRmax — HRyest) 

Xx 0.60 and 0.85] + HRyest. Using the HRR method allows 

a more direct correlation between HR and %VOomax and 

accounts for the resting HR (7). 

RPE: The use of the RPE scale to guide exercise intensity is 

increasingly used in research and in the clinical setting. RPE 

may be used with HR for regulating intensity or alone if HR 
monitoring is not available. The RPE scales can be used to 
track exercise intensity and muscle fatigue during the session. 

One of two scales can be used: a 6- to 20-point scale (6 = no 
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exertion, 20 = maximal exertion) and a 0- to 10-point scale 

(0 = no exertion, 10 = maximal exertion). 

E For aerobic exercise, the onset of blood lactate generally 
occurs between 12 and 16 on the 6- to 20-point category 
scale and between 4 and 5 on the 0- to 10-point category- 
ratio scale (7). 


E RPE is considered a reliable indicator of exercise inten- 
sity and is particularly useful when a participant is un- 
able to monitor his or her pulse or when HR response 
to exercise has been altered by medications such as B- 
blockers (2,3). 

E The average RPE range associated with physiologic adap- 
tation to exercise is 12—16 (“somewhat hard” to “hard”) 
on the Borg category scale. One should suit the RPE to 
the individual on a specific mode of exercise and not 
expect an exact matching of the RPE to a %HRw»ax Or 
%HRR. It should be used only as a guideline in setting 
the exercise intensity. 


Duration 


The ACSM recommends 30-60 minutes of continuous activ- 
ity per session for fitness and an accumulation of > 30 min- 
utes of activity per day for general health (7) 

However, deconditioned individuals, older adults, or preg- 
nant women with musculoskeletal discomfort may benefit 
from multiple, short-duration exercise sessions of < 10 min- 
utes with frequent interspersed rest periods. 


Frequency 


The ACSM recommends that aerobic exercise be performed 
3-5 days per week for fitness and physical activity be per- 
formed on most if not all days per week for general health (7). 


Recommendations for Muscular Strength 
and Resistance Training 


Overload and specificity are precepts of resistance training. 


Overload occurs when a greater than normal physical de- 
mand is placed on muscles or muscle groups. Muscular 
strength and endurance are developed by increasing the re- 
sistance to movement or the frequency or duration of activ- 
ity to levels above those normally experienced. 

A training intensity of approximately 40%-—60% of one- 
repetition maximum appears to be sufficient for the de- 
velopment of muscular strength in most normally active 
individuals (2,3). Lift intensity can be increased to near max- 
imal if the goal is to increase muscle strength (7). 
Specificity relates to the nature of changes (structural and 
functional, systemic and local) that occur in an individual as 
a result of training. These adaptations are specific and occur 
only in the overloaded muscle groups or muscles (3). 


Unilateral and bilateral strengthening: Bilateral contrac- 
tions induce less muscle activation per limb than unilat- 
eral contractions. Unilateral resistance exercise performed 
by one limb will induce training effects in the unexer- 


cised contralateral limb, termed “cross-transfer” or “cross- 
education” (6). 

E Combined endurance and resistance exercise: When en- 
durance exercise is incorporated into a resistance exercise 
program, strength gains are not compromised when com- 
pared with resistance exercise alone (14). 


ACSM Guidelines for Resistance Training 

E A5- to 10-minute warm-up period consisting of aerobic ac- 
tivity (walking on a treadmill or stationary cycling) or a light 
set (50%-75% of training weight) of the specific resistance 
exercise should precede the resistance exercise program (2,3). 

E Mode: A minimum of 8-10 separate exercises that target 
major muscle groups (arms, shoulder, chest, abdomen, back, 
hips, and legs) is important for general strengthening. Free 
weights and weight machines are commonly used; however, 
springs, surgical or rubber tubing, and electronic devices are 
also used for resistance training. Choose different exercises 
for each body part every 2-3 training days where possible. 

E Intensity/duration: For general health, perform a minimum 
of one set of 8-12 repetitions of each of the exercises to the 
point of volitional fatigue. Volitional fatigue refers to the in- 
ability to move a resistance through the appropriate range of 
motion with proper mechanical form. A set of 10-15 repeti- 
tions is recommended for developing muscular endurance 
and for those who are older or frailer. Using the target RPE 
values of 15-16 in persons with high cardiovascular risk or 
chronic comorbidities is appropriate (2,3). 

E Progressive overload can be accomplished by increasing the 
load, increasing the repetitions for the current load, decreas- 
ing the rest period, or increasing the rest period with high 
loads (for strength and power development) (3). 

E Frequency: Perform these exercises 2—3 days per week, usu- 
ally with a day of rest in between. Another option is to alter- 
nate resistance exercises for upper and lower body on every 
other day, if time is a constraint. 

E Progression: Resistance may be increased when the target 
repetition number can be completed with good technique 
and moderate effort (RPE rating of < 15). 

E Safety considerations: 

E Perform every exercise in a controlled fashion through a 
full range of motion using proper technique during both 
concentric and eccentric phases. 

E Maintain a normal breathing pattern and avoid breath 
holding (Valsalva maneuver). 

E Exercise with a partner when possible for assistance and 
motivation; individuals achieve greater success with a 
successful exercise partner. 

E Children may safely participate in resistance exercise using 
sets of 8-15 repetitions, for one to three sets, using both 
open- and closed-chain exercises no more than twice a week 
(3). Heavy weights and maximal strength testing are discour- 
aged in children because of adverse effects on the growth 
plate development. Form is more important than weight in 
this population. 
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Recommendations for Flexibility Training 


E Static stretching involves slowly stretching a muscle to the 
point of mild discomfort and then holding that position for 
an extended period of time (usually 10-30 seconds). It is 
effective and requires little time, and the risk of injury is low. 
It is the most commonly recommended method. 

E Proprioceptive neuromuscular facilitation (PNF) involves 
a combination of alternating contraction and relaxation of 
both agonist and antagonist muscles through a designated 
series of motions. It is effective, but it is time consuming, 
requires a partner, may cause residual muscle soreness, and 
has potential for injury if applied to vigorously (3) 


E New evidence suggests that stretching is more effective after 
a light warm-up or after an exercise session, and stretching 
before resistance exercise may actually decrease the force- 
producing ability of muscle (2,3,7). 


ACSM Recommendations for Flexibility Training 


E Flexibility exercises should be performed in a slow, con- 
trolled manner with a gradual progression to greater ranges 
of motion. A general stretching routine that exercises the 
major muscle and/or tendon groups can be done using static 
or PNF techniques — 10-30 seconds for static stretches and 
a 6-second contraction followed by a 10- to 30-second as- 
sisted stretch for PNF. Repeat the stretch three to four times. 
Stretching should be performed at a minimum of 2-3 days 
per week (7). 

E Progression should target a goal of performing stretches 
up to 5-7 days a week and hold for 30-90 seconds for each 
stretch. The intensity should be at the point of mild discom- 
fort or tightness (7). 


GENERAL COMPONENTS OF AN 
EXERCISE PROGRAM 





E Once the exercise prescription has been formulated, it is 
integrated into a comprehensive physical conditioning pro- 
gram that consists of the following components: 

E Warm-up phase (10 minutes): Warm-up phase facilitates 
the transition from rest to exercise, stretches postural 
muscles, augments blood flow, and increases the meta- 
bolic rate from the resting level (1 MET) to the aerobic 
requirements for endurance training. 


E Endurance phase (20-60 minutes): Endurance phase 
develops cardiorespiratory fitness and includes 20 to 
60 minutes of continuous or intermittent (minimum of 
10-minute bouts accumulated throughout the day) aero- 
bic activity. 

E Cool-down (5-10 minutes): This phase provides a pe- 
riod of gradual recovery from the endurance phase and 
includes exercises of diminishing intensities. It permits 
appropriate circulatory adjustments and return of the 
HR and blood pressure to near resting values (2,18). 
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E Although endurance training activities should be performed 
3-5 days a week, complementary flexibility and resistance 
training may be undertaken at a slightly reduced frequency 
of 2-3 days a week. Flexibility training can be included as 
part of the warm-up or cool-down or undertaken at a sepa- 
rate time. Resistance training is often performed on alternate 
days when endurance training is not; however, both activities 
can be combined into the same workout. 

E This is “multimodal” exercise and is becoming commonly 
used in exercise research for a variety of healthy and diseased 
populations. 


Rate of Progression 


E The recommended rate of progression in an exercise con- 
ditioning program depends on functional capacity, medical 
and health status, age, individual activity preferences and 
goals, and an individual’s tolerance to the current level of 
training. For generally healthy adults, the endurance aspect 
of the exercise prescription has three stages of progression: 
initiation, improvement, and maintenance (2,3). 


Initiation Stage 

E The initial stage should include light muscular endurance 
exercises and moderate-level aerobic activity exercises that 
are compatible with minimal muscle soreness, discomfort, 
and injury. If applicable, disease symptoms should be moni- 
tored during the exercise. 


E The duration of the exercise session during the initial stage 
depends on the starting point of the individual (healthy 
adults, 15-20 minutes; fit adults, 20-30 minutes; older, 
obese, very sedentary adults, 15-20 minutes). The content of 
the sessions can be modified to account for symptoms expe- 
rienced by the individual; for example, increased stretching 
time or warm-up time can occur to minimize soreness or 
discomfort. 


E Proper form, technique, and education about the percep- 
tual responses of the individual are important during this 
stage. It is recommended that individuals who are starting 
a moderate-intensity conditioning program should exercise 
three to four times per week (2,3). 


Improvement Stage 

E This stage of training slowly increases the exercise stimu- 
lus to allow physiologic improvements in cardiorespiratory 
fitness to occur (termed progressive overload). Weekly in- 
creases in intensity and volume occur at a rate that stimulates 
adaptation. This stage typically lasts 2-5 months. 

BH 10%-30% increases in aerobic capacity typically occur fol- 
lowing these guidelines. 


E Ifthe progression occurs too quickly, injury, aches and pains, 
lack of interest in training, and inability to complete a ses- 
sion may occur. 


Maintenance Stage 


E This stage of training aims to maintain cardiorespira- 
tory fitness over the long term. This stage begins when the 
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participant has reached preestablished fitness goals; for most 
individuals, this occurs at approximately 6 months. The par- 
ticipant may no longer be interested in further increasing the 
conditioning stimulus. Further improvement may be mini- 
mal, but continuing the same workout routine enables indi- 
viduals to maintain their fitness (3). 


For general health, it is recommended that the weekly caloric 
expenditure should exceed 1,000 kcal. 

Cross-training may be used to provide variety in the pro- 
gram. Adaptations achieved by one mode may be maintained 
with the substitution of other modes; for example, replacing 
a session of running with cycling or swimming at similar 
relative intensities can maintain the cardiorespiratory status 
and reduce the risk of fatigue and overuse of body parts used 
in the typical exercise plan (3). 


The Concept of Periodization 


Periodization: Planned sequencing of increased training 
loads and recovery periods within a training program. A pe- 
riodized training program facilitates appropriate cycling of 
training volumes to facilitate peak performance (3). 

A periodized training program consists of a series of micro- 
cycles, mesocycles, and macrocycles designed to emphasize 
unique aspects of training and adaptation (3). 


E Microcyle: several sessions separated by recovery days, 
lasting 1-2 weeks. 

E Mesocycle: two or more microcycles last 3-6 weeks. A 
mesocycle emphasizes one aspect of training such as en- 
durance or speed. A number of mesocycles, arranged to 
produce physiologic adaptation, are known as a phase. 

E Macrocycle: three to four mesocycles comprise a macro- 
cycle. Each macrocycle contains a preparatory phase, a 
competition phase, and a transition phase. 


E The final phase of a macrocycle is the transition phase, 
which allows for restoration/recovery. This phase should 
allow for complete recovery from the physiologic and 
psychological elements of training and competition. 


Relaxation and Exercise 


Additional exercise forms that involve balance, muscle 
strengthening, stretch, mental focus, and relaxation include 
yoga and t’ai chi. The popularity of these exercises has sub- 
stantially increased over the last 10 years. Yoga and t’ai chi 
can be performed daily and are low impact. 


In healthy and diseased populations, weeks to months of 
yoga may be just as effective or more effective as aerobic 
exercise in improving numerous health parameters (blood 
pressure, balance, baroreflex sensitivity, HR, HR variability, 
bodily pain, quality of life, stress, strength, and predisease 
biomarkers of oxidative stress and inflammation) (12). 

T’ai chi is the most widely studied martial art, and estab- 
lished health benefits include stress reduction, improved 
agility and balance, posture control, and lower extremity 
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strength. T’ai chi can attenuate the decline of the muscular- 
skeletal system that occurs with aging and counteract the risk 
of falls and hip fractures in older adults (5). 


These techniques may improve physical and mental health 
through downregulation of the hypothalamic—pituitary— 
adrenal (HPA) axis and the sympathetic nervous system 
(SNS). 


The Importance of Rest Periods 
During Training 


As the volume of exercise training increases, the likelihood of 
injury increases, and performance may decline with excessive 
volume. This may be partly due to inadequate rest periods 
between exercise sessions. Irrespective of age, rest is a neces- 
sary part of exercise programming. By varying the intensity 
of exercise sessions during the week and including 1 or 2 days 
of rest among the sessions, performance can improve, and 
risk for injury can be reduced. 


Detraining 


The changes induced by regular exercise training generally 
are lost after 4-8 weeks of detraining. If training is reestab- 
lished, the rate at which the training effects occur do not ap- 
pear to be faster (13). 


Overtraining 


Overtraining refers to a condition usually induced after pro- 
longed heavy exercise over an extended period of time. Hall- 
mark symptoms of overtraining include: decline in exercise 
performance, extreme fatigue, elevated resting HR, early onset 
of blood lactate accumulation, altered mood states, unex- 
plained weight loss, insomnia, and injuries related to overuse. 


HR variability and baroreceptor reflex sensitivity are reduced 
with overtraining, but recover to a large degree after 3—4 days 
of rest (4). 

Overtraining may require weeks to months of complete rest 
in order to recover (13). 

Treatment of overtraining includes 1 week of complete rest, 
followed by limited weekly training of one to three sessions 
(10-20 minutes of easy pace), progressing to longer sessions 
over a 6- to 12-week period. 

Daily monitoring of exercise training volume, mood state, 
and well-being will assist the individual with moderating the 
return to full performance. 





MEDICAL CLEARANCE 





Exercise training may not be appropriate for everyone. Patients 
with severe disease may not be appropriate candidates for the 
recommended exercise guidelines (e.g., osteoarthritis, heart dis- 
ease, morbid obesity, movement disorders, chronic obstructive 
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pulmonary disease) but may benefit from functional or dis- 
ease-specific exercise instead. To determine the functional and 
cardiopulmonary capacity of the individual, disease history, 
current limitations, and presence of any contraindications to 
exercise should be documented. Based on the individual, a tai- 
lored physical activity program can be designed. 

The ACSM provides the guidelines for patients at high risk 
for adverse events during a high-intensity exercise testing 
session and exercise training. These absolute contraindica- 
tions include unstable conditions such as recent acute myo- 
cardial infarction, unstable angina, ventricular tachycardia 
or other dangerous arrhythmias, severe aortic stenosis, acute 
infection and/or fever, recent systemic or pulmonary em- 
bolus, thrombophlebitis or intracardiac thrombi, active or 
suspected myocarditis or pericarditis, acute congestive heart 
failure, and dissecting aortic aneurysm (7). 

Once the condition has been stabilized and the physician has 
cleared the individual for testing, it is appropriate to proceed 
with exercise testing and programming as long as monitor- 
ing of blood pressure, HR, and symptoms occurs. 

There are cases in which individuals present with relative 
contraindications; if these patients have stable conditions and 
are managed and cleared by their physician, it is appropriate 
to proceed with testing and exercise prescription as long as 
monitoring of blood pressure, HR, and symptoms occurs. 
These relative contraindications include severe hyperten- 
sion (uncontrolled or untreated), complicated pregnancy, 
moderate aortic stenosis, severe subaortic stenosis, supra- 
ventricular dysrhythmias, ventricular aneurysm, frequent or 
complex ventricular ectopy, cardiomyopathy, uncontrolled 
metabolic disease (thyroid or diabetes) or electrolyte abnor- 
mality, chronic or recurrent infectious disease (e.g., malaria, 
hepatitis), and neuromuscular, musculoskeletal, or rheuma- 
toid diseases exacerbated by exercise (7). 
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E To evaluate exercise capacity in patients with valvular 
heart disease, except severe aortic stenosis 

E Individuals with cardiac rhythm disorders for the follow- 

ing reasons: 

1 Evaluate response to treatment of exercise-induced 
arrhythmia. 





Evaluate response of rate-adaptive pacemaker setting. 


The ACSM and ACC/AHA guidelines discourage using exer- 
cise testing to screen asymptomatic adults unless they are at 
increased risk (2,3,8). 





TRAINING EFFECTS OF 
AEROBIC EXERCISE 





Cardiovascular System 


Changes at Rest 


HR decreases likely secondary to decreased sympathetic 
tone, increased parasympathetic tone, and a decreased in- 
trinsic firing rate of the sinoatrial node. 


Stroke volume (SV) increases secondary to increased myo- 
cardial contractility. 


Cardiac output is unchanged at rest. 
Oxygen consumption does not change at rest (13). 


Total blood volume increases due to an increased number of 
red blood cells and expansion of the plasma volume (10). 


Changes During Submaximal Work 


Submaximal work is defined as a workload during which a 

steady state of oxygen use is achieved. 

E HR decreases at any given workload due to the increased 
SV and decreased sympathetic drive and improved meta- 
bolic and aerobic capacity of skeletal muscle. 


E SV increases due to increased myocardial contractility. 


Identify Those Who Need an Exercise 
Stress Test E Cardiac output does not change significantly for a fixed 
workload; however, the same cardiac output is generated 


E Indications for an exercise stress test according to the American with a lower HR and higher SV. 


College of Cardiology (ACC), American Heart Association 

(AHA), and ACSM are as follows (2,3,8): 

E To evaluate patients for suspected coronary artery disease 
(typical and atypical angina pectoris) 

E To evaluate patients with known coronary artery disease 
(previous imaging tests, blood chemistries, electrocardio- 
gram results) 

E To evaluate healthy asymptomatic individuals in the fol- 

lowing categories: 

4 High-risk occupations, such as pilots, firefighters, law 
enforcement officers, and mass transit operators 





1 Men over age 40 and women over age 50 who are sed- 
entary and plan to start vigorous exercise 

4 Individuals with multiple cardiac risk factors or con- 

current chronic diseases 


E Submaximal oxygen consumption does not change sig- 
nificantly because oxygen requirement is similar for a 
fixed workload. 


E Arteriovenous oxygen (AVO;) difference increases during 
submaximal work. 

E Lactate levels are decreased due to metabolic efficiency 
and increased lactate clearance rates (13). 


Changes at Maximal Work 


HRmax does not change with exercise training. 


SV increases due to increased contractility and/or increased 
heart size. 


Maximal cardiac output increases due to increased SV. 


Maximal oxygen consumption (VOsmax) increases due to in- 
creased SV and AVO, difference. 
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E AVO, difference increases due to improved ability of the mi- 
tochondria to use oxygen (13). 


Blood Pressure 

E In normotensive individuals, regular exercise does not appear to 
have a significant impact on resting or exercising blood pressure. 

E In hypertensive individuals, there may be a modest reduction 
in resting blood pressure as a result of regular exercise (13). 


Blood Lipids 


E Total cholesterol may be decreased in individuals with 
hypercholesterolemia. 

High-density lipoprotein (HDL) cholesterol increases with ex- 
ercise training. 

Low-density lipoprotein (LDL) cholesterol may remain the 
same or decrease with regular exercise. 

E Triglycerides may decrease in those with elevated triglycer- 
ides initially. This change is facilitated by weight loss (13). 


Body Composition 


E Total body weight usually decreases with regular exercise, 
the magnitude of which is directly dependent on the weekly 
exercise volume and caloric expenditure 

E Fat-free weight does not normally change and may decrease 
slightly, depending on the exercise volume over time. 

E Percent body fat declines (13). 

E Long-term participation in land-based exercise (walking, 
running, aerobic dancing, cycling) can attenuate age-related 
increases in body weight and fat content, whereas swimming 
does not appear to exert such effects (15). 


Skeletal Muscle Adaptations 


E The levels of muscle glycogen and triglycerides stored within 
skeletal muscle fibers increase. 

E High-intensity aerobic exercise training increases the num- 
ber of Type I fibers and decreases the number of Type II 
fibers, while the cross-sectional area remains unchanged. 

E The level of Type I myosin heavy chain content increases, 
while the content of Type Ila and IId/x decreases after aero- 
bic training (11). 


Nervous System Adaptations 


E Exercise training may induce brain mitochondrial biogenesis 
and increase central vasoreactivity (9). 

E Mood improves, and cognitive function is better maintained 
during aging. 


Anti-Inflammatory Adaptations 


E Regular aerobic exercise can increase the production and 
release of anti-inflammatory cytokines and decrease the 
production of inflammatory cytokines and proteins such as 
C-reactive protein. 
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E Exercise can reduce the number of circulating proinflamma- 
tory monocytes and can inhibit monocyte and macrophage 
infiltration into adipose tissue. 


Adaptations to Resistance Exercise 


E Irrespective of age and presence of comorbid illness, dramatic 
improvements in muscle strength can occur after regular re- 
sistance exercise; bone density may increase, especially in lo- 
cations such as the hip, lumbar spine, and lower extremities. 

E Functional ability (e.g., stair climb, walking endurance, chair 
rise, sit to stand) and balance are improved after resistance 
training (17). 

E Blood pressure responses are lower for the same physical 
workload; HR and blood pressure recover more quickly 
after cessation of exercise; at rest, evidence is equivocal for 
improvement in these parameters (16). 

E Coordination of muscle activation patterns is improved, and 
antagonist muscle co-activation is reduced. 

E Economy during aerobic exercise (decreased oxygen con- 
sumption at an absolute workload) is improved. 

E Ability to recruit high-threshold motor units is increased. 

E Resistance exercise reduces the circulating levels of inflam- 
matory cytokines and proteins such as C-reactive protein 
and biomarkers of disease such as homocysteine (17). 

E The myosin heavy chain Ila content and fiber number in- 
crease, whereas Type IId/x decreases (11). 

E Insulin resistivity and glucose disposal can improve by up 
to 48% from pretraining level. Mood, depressive symptoms, 
and self-efficacy improve. 





SUMMARY 





ŒE Numerous health and fitness benefits occur with exercise. 
Irrespective of age, gender, and physical condition, signifi- 
cant health benefits can be obtained by including a moderate 
amount of physical activity on most, if not all, days of the 
week. With a modest increase in daily activity, most patients 
will improve their health and quality of life. 

E Incorporation of aerobic, resistance, and flexibility compo- 
nents provides an overall exercise stimulus for health im- 
provement and maintenance. 

E The musculoskeletal, cardiopulmonary, circulatory, and cen- 
tral nervous systems are plastic and able to adapt to exercise 
stimuli throughout the lifespan. 
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INTRODUCTION 





Œ This chapter focuses on the basic concepts of nutrition and 
sports. Topics include basics in energy metabolism, nutri- 
tional needs of athletes, hydration and fluid replacement, 
nutrient timing, selected nutritional issues, and information 
on ergogenic agents and nutritional supplements, to include 
sports drinks, bars, and energy drinks. 





BASICS IN ENERGY METABOLISM 





General Energy Needs 


E Energy balance is critical for all athletes and demands matching 
energy intake to total energy expenditure (TEE). 

E TEE is the sum of resting energy expenditure (REE), physical 
activity, and the energy used to digest foods (thermic effect 
of foods). 

E REE can easily be estimated for men and women as follows (26): 
Men: 9.99 X Weight (kg) + 6.25 X Height (cm) — 

4.92 X Age (yrs) + 5, or 4.54 X Weight (Ibs) + 

15.875 X Height (inches) — 4.92 X Age (yrs) + 5 
Women: 9.99 Weight (kg) + 6.25 X Height (cm) — 

4.92 X Age (yrs) — 161, or 4.54 X Weight (Ibs) 

+ 15.875 X Height (inches) — 4.92 X 

Age (yrs) — 161 

E Physical activity levels (PAL) vary, but a factor can be applied 
to REE to estimate TEE. Table 11.1 presents suggested ranges 
for PAL factors. However, TEE may be overestimated in the 
low range of activity. 

The Institute of Medicine (IOM) (41) also proposes formu- 
las for TEE as follows: 

Men: 662 — 9.53 X Age (yrs) + PAL X [15.91 X 
Weight (kg) + 539.6 X Height (m)] 
662 — 9.53 X Age (yrs) + PAL X [7.232 X 
Weight (Ibs) + 13.71 X Height (inches) ] 





The opinions and assertions expressed herein are those of the authors and 
should not be construed as reflecting those of the Uniformed Services 
University of the Health Sciences or the Department of Defense. 
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Women: 354 — 6.9 X Age (yrs) + PAL X [9.36 X 

Weight (kg) + 726 X Height (m)] 

354 — 6.9 X Age (yrs) + PAL X [4.255 X 

Weight (Ibs) + 18.44 X Height (inches)] 
Comparison of the two formulas at the same PAL values re- 
veals that the TEE estimated by the IOM formula is higher by 
600—1,200 kcal - d`! for both men and women. 
Failure to maintain energy balance can result in loss of 
muscle mass; menstrual disturbances; compromised bone 
density; increased risk of fatigue, injury, and illness; and 
overtraining (63). 





Energy Sources and Stores 


The universal source of metabolic fuel for energy is adenos- 
ine triphosphate (ATP) and the fuel sources to produce ATP 
are carbohydrates (CHO), fats (fatty acids), protein (amino 
acids), and alcohol. One gram of CHO (glucose, glycogen, 
etc.) yields 4 kcal; 1 g of protein yields 4 kcal; 1 g of fat pro- 
vides 9 kcal; and 1 g of alcohol yields 7.4 kcal. These fuel 
sources are converted into energy. 


ATP, glucose, and free fatty acids are stored in various amounts: 
ATP storage is sufficient for only 5—7 seconds of activity. 
Glycogen, the storage form of CHO and a polymer of glu- 
cose, is found in both liver and muscle tissue. 

Triglycerides, the storage form of lipids, consist of three fatty 
acids and a glycerol backbone. 

Energy yields for glycogen (4 kcal - g~!) in liver and skeletal 
muscle and triglycerides (9 kcal - g~') in skeletal muscle and 
adipose tissues are shown in Table 11.2. 

Storing 1 g of glycogen requires at 2.7—4 g of water; thus, the 
energy yield is less than half of what would be expected: If 
120 g of glycogen were stored, at least 80 g would be water, 
and the energy yield would be 160 rather than 480 kcal (69). 
The breakdown of glycogen to form glucose for energy is 
called glycogenolysis. 

The process of converting amino acids or lactate into glucose 
is called gluconeogenesis. 


Energy Systems 


Figure 11.1 presents the three different energy systems used 
in muscular activity, and Table 11.3 presents the length of 
time exercise can be maintained for these energy systems. 
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Suggested Ranges for Physical Activity Energy Stores for a 60-kg Person with 
Factors Based on Activity 15% Body Fat 
Level of Physical Activity PAL Energy Source Energy (g) Energy (kcal) 
Sedentary IE Liver and muscle glycogen 400-750 500-1,000 
Minimal regular physical activity 1.4-1.5 Glucose in body fluids 15-20 60-80 
Some regular activity 1.6-1.7 Total Carbohydrate Stores 415-770 560-1,080 
Moderate physical activity 1.8-1.9 Subcutaneous adipose 
igh id 000 1,000 
Strenuous physical activity 2.0-2.4 img yeeniees 3 9 
Intramuscular triglycerides 150 1,350 
PAL, physical activity level. 
Total Triglyceride Stores 9,150 82,350 
Total Energy Stores 9,565-9,920 82,910-83,430 





Skeletal Muscle 


FA 


Myofibril 
Glycolysi GGP = GIP Glycogen S + creatine 


\<, = 


Glycogen Degradation P; + ADP IMMEDIATE 


NADH ATP => to myofibril => 
Substrate Level 
Anaerobic Recycling Phosphorylation 


Aerobic 
SHORTTERM cL state entice 


NADH NAD+ H+ 





Figure 11.1: A schematic of the energy systems in skeletal muscle: immediate, short term, and long term. Glc, glucose; FFA, free fatty 
acid; IMM, inner mitochondrial membrane; OMM, outer mitochondrial membrane; SM, sarcolemma. Designed by Mark Roseman, PhD. 
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General Considerations in Sports Medicine 


a R E The crossover point for metabolism is the power output 
Comparison of the Mama, Rates of (hard to maximal) at which an individual switches from a 
bowen and Length of Time ee predominant reliance on FFA to a primary reliance on CHO 
Can be Maintained for the Immediate, utilization (glycogen; blood glucose; and blood, muscle, and 
SH LL lene ian Erene liver lactate). Moreover, further increases in power elicit rela- 
Systems tive increments in CHO utilization and relative decrements 
Mole of Time to in lipid oxidation (11). 
Energy Systems ATP/min Fatigue E Use of FFA increases in proportion to the energy demand 
Immediate: phosphagen 4 5-10 seconds until the exercise intensity approaches 60% of VOomax, after 
(phosphocreatine and ATP) which glucose becomes the dominant fuel source (35,65,66). 
Short term: glycolytic 2.5 1.0-1.6 minutes Figure 11.2 shows the contributions of fat and CHO as sub- 
(glycogen-lactic acid) strate for various exercise intensities. 

Long term: aerobic 1 lnlimitedime E Trained athletes are able to oxidize fatty acids as fuels at 

(glucose, fatty acids) higher exercise intensities than untrained persons. 
ATP, adenosine triphosphate. E During exercise and recovery from the exercise at altitude, 


CHO utilization is increased compared with conditions at 
sea level (45). 
E The immediate, or phosphagen, system consists of ATP and cre- 
atine phosphate (PC or phosphocreatine) and allows for very 
short bursts of maximal power. It does not rely on oxygen. 





NUTRITIONAL REQUIREMENTS OF 
ATHLETES 


E The short-term, or glycogen-lactic acid, system consists of 
glucose entering the glycolytic pathway and subsequent oxi- 
dation of pyruvate to lactate. The energy formed allows for 
only 1-1.6 minutes of maximal muscle activity at a reduced 
power output as compared to the phosphagen system. This 
often can happen in the absence of oxygen, but lactate can be 
both formed and used under fully aerobic conditions (10). 





E Most athletes can meet their nutritional needs by consuming 
a well-balanced diet. Athletes have increased energy needs, 
and if these needs are met by consuming a balanced diet, the 
nutritional requirement should be met as well. 


E The aerobic, or long-term, system involves glucose enter- 
ing the glycolytic pathway through to pyruvate and its 
subsequent oxidation to acetyl-coenzyme A (acetyl-CoA) — ™ CHO intake is necessary to maintain blood glucose levels 
for entry into the tricarboxylic acid (TCA) cycle. Free fatty during exercise and restore muscle glycogen after exercise. 
acids (FFAs) from triglycerides can be broken down into Although the total intake will depend on TEE, intakes of 6-10 
two-carbon acetyl fragments to form acetyl-CoA. This g- kg! body wt « d7! (~2.7-4.5 g + Ib“! body wt - d~4), de- 
process, known as B-oxidation, can only occur under aero- pending on energy needs, are currently recommended. This 
bic conditions (34). equates to 420-700 g - d`! for a 70-kg (154-Ib) person (63). 


Carbohydrates 


E Amino acids can enter the TCA cycle after deamination/ 
transamination and conversion into acetyl-CoA and/or 


acetoacetate. NADH and FADH:, the reduced coenzymes 100 E CHO 
formed during glycolysis and the TCA cycle, are shuttled to Co pee E FAT 
the electron transport chain within the mitochondria to be 

oxidized to NAD and FAD, respectively. ATP is regenerated 80 

from adenosine diphosphate (ADP) with 2.5 ATP per NADH 

and 1.5 ATP per FADH). The O, used for oxidation is tightly 60 





linked to aerobic ATP production. 

E One molecule of glucose going through the glycolytic path- 
way to lactate yields 2 ATP, whereas one molecule of glucose 
going through the aerobic pathway yields 30 ATP. 








N 
o 


Determinants of Fuel Utilization 


Energy Substrate (% of Total) 


o 


E The primary determinant of substrate preference is exer- 
cise intensity. The higher the intensity, the greater is the 
demand on the immediate and short-term glycolytic en- 
ergy system. Low-intensity exercise uses the aerobic system 


Rest 


25% 65% 85% 
Figure 11.2: The relative contributions of fat and carbohydrate 
(CHO) to energy at rest and during exercise at 25%, 65%, and 85% of 


almost exclusively. maximal aerobic capacity. 


The percentage of kilocalories in the diet from CHO should 
range between 55% and 70% of total energy intake. For a 
70-kg person who requires 3,750 kcal + d~', 2,000-2700 kcal 
should come from CHO, which would equate to 500-675 g 
of CHO: d~! 


Protein 


Approximately 10%-35% of the total energy should come 
from protein, depending on the actual energy intake. 
Protein needs of athletes are somewhat higher than for sed- 
entary populations. The recommended range of intake for 
strength athletes is 1.2-1.7 g - kg | body wt + d™' (0.5-0.8 g 
- Ib! body wt - d7'). This equates to a protein intake of 
84-120 g - d`! for a 70-kg (154-Ib) person, which would 
be 9%-13% of the total kilocalories, if 3,750 kcal - d7' were 
being consumed. 

The recommended protein intake for endurance athletes is 
1.2-1.4 g- kg ' body wt > d`! (0.55-0.64 g - Ib”! body wt - 
d`!) (63). This equates to a protein intake of 84-98 g- d7! 
for a 70-kg (154-Ib) person, which would be 336-392 kcal or 
9%-10.5% of the energy, if total energy were 3,750 kcal. 
Essential amino acids (EAA) are not synthesized by the body 
and must be provided in the diet; they include leucine, iso- 
leucine, valine, histidine, lysine, methionine, phenylalanine, 
threonine, and tryptophan (9,27). 

The requirement for protein can be met through diet alone, 
without using protein powders or amino acid supplements (63). 
When energy intake is low, it is important to consume the 
recommended amount of protein: Protein may contribute 
up to 35% of the total energy. 


Fat 


Dietary fat intake should usually provide no more than 30% 
of the total energy. For example, a 70-kg (154-lb) person who 
consumes 3,750 kcal - d~' would ingest ~125 g of fat (or 
1,125 kcal from fat). 

Endurance athletes in training may decrease their intake of 
fat to only 20%-25% of total energy so they can consume 
adequate amounts of CHO. 

Ingestion of a high-fat, low-CHO diet is associated with 
lower resting muscle glycogen content and higher rates of fat 
oxidation during exercise as compared to a CHO-rich diet 
(18,3234). 


Vitamins and Minerals 


Active individuals should consume adequate vitamins and 
minerals to achieve the most recent Dietary Reference Intakes 
(DRIs) based on their life stage, gender, and activity level. 
Athletes who perspire heavily or engage in physical activity 
in hot conditions may be prone to increased losses of miner- 
als in their sweat. 
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HYDRATION AND FLUID REPLACEMENT 





Water is the most important nutrient for regulating hydra- 
tion status in individuals. 

Water losses during exercise occur primarily through sweat 
and can be considerable during prolonged exercise, particu- 
larly in warm or hot weather. Electrolyte losses in sweat can 
also be substantial. 

Sweat rate is influenced by ambient temperature, humidity, 
exercise intensity, training status, and rate of fluid intake. 
Fluid replacement is important for sustaining exercise perfor- 
mance and the current American College of Sports Medicine® 
(ACSM) guidelines note that the goal of fluid replacement is 
to prevent dehydration in excess of 2% weight loss and ex- 
treme changes in electrolyte balance to avoid performance 
decrements (67). 

ACSM recommends that people take personal responsibility 
for sustaining their hydration and develop fluid replacement 
programs to suit their individual needs (67). 


Effects of Dehydration 


Dehydration (loss of body fluids) in excess of > 2% of body 
mass (> 1.4 L of water for a 70-kg person) can impair aero- 
bic exercise performance, especially when the ambient tem- 
perature is warm. 


Dehydration between 3% and 5% of body mass (2.1-3.5 L 
of water for a 70-kg person) does not appear to compromise 
either strength or anaerobic performance (67). 

The greater the level of dehydration, the greater is the physi- 
ologic strain and degradation of aerobic exercise performance. 
Dehydration can increase the perceived effort of the task, 
degrade the ability to perform optimally, impair balance 
control, and is a risk factor for exertional heat illness, includ- 
ing heat stroke. 


Monitoring Hydration 


The most effective way to evaluate the adequacy of a hydra- 
tion program is to measure body mass before and after to 
quantify weight loss. 

Nude body mass should be measured before and after exer- 
cise. If body mass loss is greater than 2%, the individual is 
drinking too little; if body mass is greater than preexercise, 
the individual is drinking too much. 


Drinking in excess of sweat rate should be avoided. 


Hydration Recommendations 


Fluid intake prior to exercise is necessary to increase the 
likelihood of starting the activity well hydrated. Consuming 
400-600 mL (14-22 oz) of fluid 2 hours prior to exercise is 
recommended (63,67). 
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Fluid intake during exercise is necessary to replace the 
fluid lost through sweat; fluid intake should approximate 
fluid losses. The practical recommendation is to consume 
150-350 mL (5-12 oz) of water every 15—20 minutes of exer- 
cise if the activity lasts less than 1 hour (13). 

When exercise lasts more than 1 hour, a beverage containing 
6%-8% CHO (glucose, sucrose, fructose, glucose polymers, 
and the like) and/or electrolytes can be beneficial (63,67,72). 
This amount of CHO with the addition of electrolytes en- 
sures maximal stimulation of fluid absorption because of 
increased palatability and promotes gastric emptying. 
Restoration of hydration status can be accomplished by con- 
suming regular foods and beverages. 


With excessive dehydration, persons should ingest approxi- 
mately 1.5 L of fluid for each kilogram of body weight lost, 
and the fluid should contain more sodium than usual: A con- 
centration of approximately 50 mmol - L™! or 1 g of sodium 
per 1 L of fluid will stimulate thirst and fluid retention to en- 
hance a more rapid and complete recovery (13,54,56,67,68). 





ELECTROLYTES 





Electrolyte (sodium, potassium, chloride) and mineral (cal- 
cium, zinc, iron) losses from sweating can be substantial, 
depending on training status, sodium and potassium intake, 
genetics, sweat rate, prior heat exposure, and may lead to se- 
vere medical problems (67). 

Sodium losses, which have been associated with muscle cramps, 
can range from 60 to 5,000 mg - L~! - d~', with higher values 
noted in heavy sweaters and those unaccustomed to working in 
the heat. Potassium losses may range from 25 to 2,000 mg (67). 
Electrolytes lost through sweating can be replaced by fluid 
replacement beverages and foods. Dried fruits are good food 


Re-Fueling 


Interval 


Maintenance 






Maintenance 


choices for potassium, and pretzels and pickles are good 
sources of sodium. A small box of raisins provides 322 mg of 
potassium, and a snack of 10 small, plain, hard salted pret- 
zels (60 g) provides about 814 g of sodium. In addition, one 
small dill or kosher cucumber pickle provides about 569 g of 
sodium. 

E Adding % teaspoon of table salt to food provides 1,200 mg 
of sodium. However, dietary intake of sodium may adversely 
affect blood pressure and cardiovascular disease risk, and the 
current published adequate intake is only 1,500 mg for young 
adults, slightly more than a half teaspoon of table salt (41). 





NUTRIENT TIMING 





E Nutrient timing is a concept developed by Drs. John Ivy and 
Robert Portman (42) to indicate that when food is eaten is 
as important as what is eaten. However, work on nutrient 
timing, particularly immediately after exercise to promote 
glycogen repletion, has been ongoing for many years (75). 

E The proposed three phases of nutrient timing are during 
exercise, immediately after exercise (recovery), and through- 
out the rest of the day (maintenance) (Fig. 11.3). 


Exercise 


E Fluid and CHO ingestion during exercise depends on the 
duration and intensity. 

E During exercise (training or competition), energy-providing 
beverages and foods are usually consumed only when the 
exercise is of sufficient duration to demand additional fuel 
(e.g., marathons, triathlons, ultra-endurance events). The 
individual should consume what is familiar; no new fluids or 
foods should be consumed during competition. 


Re-Fueling 
Interval 


Exercise 


Phases of Timing Nutrient Intake 


Figure 11.3: The three major phases for nutrient timing: maintenance and growth, exercise, and the refueling interval for 


recovery. 


E For endurance activities longer than 1 hour, fluids should 
be consumed at regular intervals to replace fluid losses, and 
CHO (approximately 30-60 g - h~') should be ingested to 
maintain blood glucose levels. 

The above recommendations are particularly important when 
the exercise is under extreme environmental (heat, cold, or 
high altitude) conditions, in particular at high altitude. 
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function of training schedule and competitive events. In par- 
ticular, the time it takes to digest certain foods, what types of 
foods best meet the needs of the athlete, and ensuring snacks 
are available to provide CHO at regular intervals should be 
considered. 





NUTRITIONAL ISSUES 





Recovery 


E During recovery, the goals are to provide adequate fluids, Pr 
electrolytes, energy, and CHO to replace muscle glycogen 


A E 
and ensure rapid recovery. 


E Ingesting CHO as a liquid, gel, or solid food (approximately 
1.0-1.5 g- kg"! or 0.5-0.7 g - Ib” ' body wt) over several hours 
after endurance exercise, with a snack of approximately 50 g 
within 30 minutes, will enhance muscle glycogen synthesis 
(13,46,47,63). 

E Protein consumed after exercise will provide amino acids 
for building and repair of muscle tissue but is unlikely to in- 
crease muscle glycogen repletion. The addition of protein to 
CHO may promote faster recovery and performance during 
multiple training sessions or competition. 

E Ingestion of a small amount of protein (10-15 g) with the 
CHO during recovery can increase muscle protein synthesis 
and improve nitrogen balance compared with consuming 


eexercise Meals 


The intensity of the exercise may dictate the preexercise 
meal. Foods consumed before low-intensity exercise may 
have adverse gastrointestinal effects at a higher intensity 
level. Try different foods to see what works best based on 
exercise intensity levels (53). 

Eating prior to exercise, as compared to exercising after an 
overnight fast, may improve performance (44,55,64). 


Consume a meal or snack 3—4 hours before heavy training 
or competition to minimize hunger, ensure food digestion 
and gastric emptying, and maximize endogenous glycogen 
stores. Table 11.4 presents several light preexercise meals. 
Ingesting a small meal 1 hour or less before heavy training or 
competition does not appear to benefit performance (63). 


only CHO (36-38,47). Glycemic Index 


Maintenance 7 

E During the maintenance and growth phase of nutrient 
timing, a high daily intake of CHO, in combination with a 
adequate protein and fat, should be consumed. 

E CHO intake should match energy intensity and expenditure. E 
As exercise intensity and/or workload increases, CHO intake 
should increase to ensure glycogen stores (63). 

E The recommended amounts of vitamins and minerals 
should be consumed through proper choice of foods to meet 
nutritional demands of strenuous training (64). a 

E During the maintenance phase, it is important to develop 
nutritional strategies that consider nutrient timing as a 


Table 11.4 | Suggested Foods for Preexercise Meal or Snack 


Type of Food kcal 

2 slices whole-wheat bread, 2 oz turkey, lettuce, and 289 
1 medium orange 

1 baked potato w/ yogurt 201 

8 oz low-fat yogurt w/ fruit 255 

% cup low-fat granola w/ % cup skim milk 241 

Bagel w/ 2 tbsp low-fat cream cheese 330 


8 oz low-fat chocolate milk and 1 medium apple 264 


The glycemic index (GI), a concept proposed by Jenkins et al. 
(43), describes how rapidly a particular food raises blood 
glucose levels after eating. 

CHOs come in different forms. Some contain dietary fiber, 
and the time required for digestion and absorption differs. 
High GI foods are usually digested and absorbed rapidly and 
release glucose into the circulation, whereas low GI foods 
take longer to digest and absorb (43). Figure 11.4 presents a 
comparison of blood glucose changes after the ingestion of a 
high and low GI food. 

On a scale of 0-100, foods with a GI > 70 are classified as 
high, whereas foods with a GI < 55 are considered low GI 
foods (43). 


Carbohydrate (g) Fat (g) Protein (g) 
40 4 23 
Al 1 7 
47 3 11 
46 3 8 
55 6 l5 
ol 3 9 
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Figure 11.4: Patterns of change in blood glucose in response to 
high and low glycemic index (Gl) foods. 


E High GI foods may be most effective in restoring glycogen 
after exercise because they produce a rapid rise in blood 
glucose (43,73). 

E Preexercise meals should consist of low GI foods to minimize 
a rapid rise in blood glucose (73). 


Carbohydrate Manipulations 


ŒE Individuals training for any sport must consume adequate 
amounts of CHO on a regular basis to maintain glycogen 
stores. 


E High CHO 
E High Fat 
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E One effect of consuming a high-CHO diet is a greater reli- 
ance on CHO as the fuel of choice: CHO loading decreases 
oxidation of fatty acids (1,52). 

E A CHO manipulation termed “train low, compete high” has 
emerged. Train low means training with glycogen stores low 
(14,16,31,39). This is accomplished by ingesting a high-fat, 
low-CHO diet; having two training sessions daily and con- 
suming no CHO between training sessions; and training af- 
ter an overnight fast. 

E Training with low glycogen induces a variety of metabolic 
and training adaptations, but they do not benefit athletic 
performance (13,14,39,74). 


High-Fat Diets 


E Consuming a high-fat diet (> 65% of energy as fat) for 
at least 5 days enhances fatty acid oxidation and spares 
glycogen (18,32,34,74) (Fig. 11.5). Such a practice will 
reduce muscle and liver glycogen stores, which can com- 
promise exercise performance, particularly high-intensity 
exercise. 

E High-fat diets may be useful for ultra-endurance events 
where the intensity is typically low. 


E The type of running event would dictate whether a high-fat 
diet would confer any benefit. 


ERGOGENIC AGENTS AND NUTRITIONAL 
SUPPLEMENTS 





E Dietary supplements can be found in various forms: pills, 
powders, beverages, and bars. 
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Figure 11.5: The amounts of fat and carbohydrate (CHO) oxidized during exercise at 70% of maximal capacity after 5 days of a 
high-fat diet (~68% of energy), followed by 1 day of rest with a high-CHO diet (~70% of energy). 


Manufacturers of dietary supplements often make claims 
that sound appealing, but many are not legal. No claims 
of preventing disease or improving health are allowed un- 
less the Food and Drug Administration approves the claim. 
Claims related to structure and function can be made. For 
example, the statement “calcium promotes bone health” is 
legal because it relates to a structure — bone — but does not 
claim to improve health or disease. 


Multiple vitamin—mineral supplements may be necessary for 
athletes who restrict energy intake, engage in severe weight- 
loss practices, or eliminate food group(s) from their diet. 
When choosing supplements, look for a seal that demon- 
strates participation in a third-party verification program, 
such as U.S. Pharmacopeia (USP), NSF International, or 
Informed-Choice, which ensures quality and purity. 
Athletes should consider the tolerable upper intake levels 
(ULs) for nutrients when selecting dietary supplements. The 
UL is “the highest average daily nutrient intake level that is 
likely to pose no risk of adverse health effects to most indi- 
viduals.” Risk to the individual is minimal when intakes are 
below the UL. 


ULs for nutrients can be found at: http://www.wadsworth. 
com/nutrition_d/special_features/0-534-558986-7_C.pdf 
No supplements should provide more than 150% of the DRI 
of the nutrient. 


Protein Powders 


The bioavailability of amino acids from various sources of 
protein is influenced by the source/type of protein and puri- 
fication methods (19). 

Casein and whey are high-quality proteins but differ mark- 
edly in their digestion and absorption. Ingestion of whey 
protein produces a rapid, but transient (1—2 hours) peak in 
serum amino acids, whereas casein produces a more pro- 
longed, modest increase (over 7 hours), which results in ca- 
sein having a greater anabolic effect compared to whey (48). 
Protein hydrolysates are produced from purified proteins by 
hydrolysis with acid or by adding proteolytic enzymes (51). 
Hydrolysates are absorbed more rapidly than free-form amino 
acids and intact proteins, and whey hydrolysates are absorbed 
more rapidly than those of soy; both are absorbed more rap- 
idly than casein hydrolysates (70). 


Caffeine 


Caffeine is one of the substances most commonly used by 
athletes to enhance their performance. 

The optimal dose of caffeine for performance improvements 
is between 1 and 6 mg - kg! (28); higher doses may impair 
performance (15). 

Responses to caffeine differ among individuals due to vary- 
ing abilities to metabolize caffeine: A single substitution in 
the CYP1A2 gene that codes for the protein, cytochrome 
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P450 1A2, causes those persons to be slow caffeine metabo- 
lizers (3). 

Trained athletes may experience greater performance ben- 
efits than recreational athletes when taking caffeine for exer- 
cise at high intensities (3). 

Caffeine can be ingested in capsule or powder form or as a 
constituent in energy drinks or in gum, but coffee may not 
be a good source of caffeine. 


Whereas normal caffeine intake poses no significant health 
risk, caffeine can cause multiple side effects, including insom- 
nia, headaches, restlessness, nervousness, agitation, muscle 
twitching, tremors, gastric irritation, nausea, vomiting, and 
tachycardia. 

The Food and Drug Administration approved the addition 
of caffeine to soft drinks and limited the maximum caffeine 
content of cola-type soft drinks to 0.02% caffeine, or 71 mg 
per 12 oz of fluid (62). 


Creatine 


Creatine is one of the supplements most widely used by ath- 
letes to increase muscle mass and enhance energy and ath- 
letic performance. 


Creatine exists in one of two forms in the body: free creatine 
(~40%), and a phosphorylated form, creatine phosphate 
(~60%) (12,21). Creatine phosphate (CP) is the energy res- 
ervoir that provides rapid phosphate-bond energy to resyn- 
thesize ATP from ADP and phosphate. 

Approximately 95% of the body’s total creatine content 
(120-140 g for an average 154-Ib/70-kg person) is located 
in skeletal muscles; a greater concentration is found in fast- 
twitch compared to slow-twitch muscle fibers (6,12,20-—22). 
Most data suggest 2.0-3.0 g - d`! of creatine is a safe and 
effective dose to maximize muscle creatine levels, regardless 
of weight (61). 

The typical washout period for creatine is 28—36 days (40). 


Carnosine and B-Alanine 


Carnosine is one of the most abundant dipeptides found 
in skeletal muscle; it is synthesized from the amino acids 
L-histidine and B-alanine by carnosine synthase (23). B-Al- 
anine is the rate-limiting factor, so increasing B-alanine in- 
creases the carnosine content of skeletal muscle (24). 
Increasing muscle carnosine content (via B-alanine supple- 
mentation) can improve high-intensity exercise performance 
probably by reducing contractile fatigue or enhancing mus- 
cle-buffering capacity (23). 

Consuming 3.2 or 6.4 g of B-alanine (regardless of weight) 
has been shown to elevate muscle carnosine content by 42% 
and 64%, respectively (30). 

Discontinuation of B-alanine supplementation causes carno- 
sine to washout at a rate of 2.5%-—3.5% per week; an increase 
of 55% would require a washout period of about 15 weeks (4). 
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Branched-Chain Amino Acids 


Branched-chain amino acids (BCAAs), which consist of 
the EAAs leucine, isoleucine, and valine, are metabolized in 
the muscle, rather than in the liver (60). They have received 
much attention with respect to exercise because they serve as 
precursors for the synthesis of other amino acids and pro- 
teins (60) and as an energy substrate during exercise and 
periods of stress. 

BCAAs, in particular leucine, have anabolic effects on hu- 
man skeletal muscle under resting conditions and during 
recovery from endurance events (7,17,71). 


Antioxidants 


Antioxidants are substances capable of inhibiting the oxida- 
tion of other molecules or delaying, preventing, or protect- 
ing cells from oxidative damage (29). 

Whether supplemental antioxidants decrease the damag- 
ing effects by scavenging reactive oxygen species (ROS) or 
preventing the transformation of ROS into more damaging 
compounds is not certain. 


Sport Drinks 


Sport drinks are fluid replacement beverages containing elec- 
trolytes and CHO that help maintain hydration and provide 
fuel for working muscles during exercise. After exercise, they 
promote rehydration, replace electrolytes lost from sweating, 
and maximize muscle glycogen repletion (53,54). 


Sport drinks are not needed during exercise lasting less than 
1 hour, but may be very important when exercising for extend- 
ed periods of time, particularly in hot and humid conditions. 
The ideal commercial fluid replacement beverage provides 
sodium, potassium, and CHO; recommended ranges for 
sodium and potassium are 20-30 mEq : L~' (460-700 mg - 
L~') and 5-10 mEq - L™' (200-390 mg : L™'), respectively, to 
offset sweat losses and promote fluid absorption; the anion, 
chloride, is recommended because it optimizes fluid absorp- 
tion. The optimal CHO range is 5%-10%, or 50-100 g - [i 
of fluid (67). 


Sport Bars 


Sport bars originated when it was shown that ultra-mar- 
athoners and other endurance athletes performed better 
when provided concentrated sources of easily absorbable 
CHO during long training and competitive events. 

Athletes use sport bars during training and competition to 
provide CHO and as recovery snacks to replete glycogen and 
restore protein balance. 

Sport bars should be ingested with fluids to enhance diges- 
tion and absorption of nutrients and should provide less 
than 100% of the Dietary Reference Intake (DRI) for vita- 
mins and minerals. 
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The CHO from sports bars is effectively oxidized during 
exercise and is a practical form of supplementation with 
other CHO forms (59). 


Energy Drinks 


Energy drinks are beverages promoted as being able to in- 
crease alertness, improve cognitive tasks, enhance athletic 
performance, and promote weight loss; they are not fluid 
replacement beverages (25). 


Most energy drinks contain caffeine and a combination of 
other ingredients, including taurine, sucrose, guarana, gin- 
seng, niacin, pyridoxine, glucuronolactone, and cyanoco- 
balamin (5,25,57). 

Many energy drinks exceeded the caffeine limit of 0.02% in 
2003: Doses of caffeine in energy drinks range from 50 to 
505 mg per can or bottle as compared to only 100 mg in a 
6-oz cup of coffee (62). 

Some energy drinks are also sold in combination with a 
10%-12% alcohol content; thus, it is essential to read the 
nutrition label before purchasing and/or consuming such 
products. 


Weekly or daily energy drink use is strongly associated with 
alcohol dependence (2). 





NUTRITION AND THE FEMALE ATHLETE 





Female athletes require special consideration because they 
typically consume diets too low in energy, which can place 
them at great risk of injury and limit exercise performance. 
A continual energy debt jeopardizes performance and health, 
as intake of essential nutrients is restricted (8,49). 

One of the most common nutrient deficiencies observed 
among female athletes is iron deficiency with low iron stores; 
iron deficiency, with or without anemia, will limit work 
capacity and can impair muscle function (50,58,63,64). 
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Dan Burnett and Mark B. Stephens 





INTRODUCTION 





E Over two-thirds (68%) of all Americans are either overweight 


or obese, a remarkable increase over the last 30 years (6). 
Physical inactivity and obesity are correlated with increases 
in coronary heart disease, diabetes, certain cancers, and all- 
cause mortality. Lack of physical activity is also associated 
with osteoporosis, falls, and mental health issues, including 
depression (12). Sufficient physical activity protects against 
these conditions. 

Guidelines from the Department of Health and Human Ser- 
vices (DHHS) and the American College of Sports Medicine® 
(ACSM) recommend a minimum of 150 minutes of moderate 
activity per week (2) or 75 minutes of vigorous activity per 
week to obtain substantial health benefits (14). The guidelines 
further advise that more extensive health benefits can be ob- 
tained with 300 minutes of moderate or 150 minutes of vig- 
orous activity per week and explicitly recommend that adults 
also engage in muscle-strengthening activities on 2 or more 
days a week. The ACSM guidelines additionally further rec- 
ommend flexibility exercises on 2 days per week to maintain 
joint range of motion, as well as neuromotor exercise training 
2-3 days per week (exercises involving motor skills including 
balance, agility, and coordination) (2). 

Estimates from 2010 found that only 43.5% of U.S. adults 
met the minimum recommendations from the DHHS for 
aerobic activity, 21.9% met the muscle-strengthening guide- 
lines, and only 18.2% met both the muscle-strengthening 
and minimum aerobic recommendations (4). 

From 1998 to 2008, improvements in these percentages im- 
proved minimally, ranging from 2.4% to 4.2% (4). 

Physical activity is one of the critically important Objective Top- 
ic Areas for Healthy People 2020 (8), the national effort to define 
public health priorities and goals for the United States. Multi- 
disciplinary targets include the DHHS guidelines for physical 
activity (14) and the ACSM Position Stand on the Quantity and 
Quality of Exercise for Developing and Maintaining Cardiore- 
spiratory, Musculoskeletal, and Neuromotor Fitness in Appar- 
ently Healthy Adults: Guidance for Prescribing Exercise (2). 
Health care providers are poor at recognizing, addressing, 
and documenting the physical activity needs of patients. Na- 
tional data indicated that in 1995-1996 physicians provided 
exercise counseling for 18% of all visits by obese patients 








(13). A more recent study compared counseling trends 
across time and noted no improvement in counseling rates 
for exercise despite the highly documented increase in the 
prevalence of obesity from 1995 to 2004 (10). 

E Current 2002 U.S. Preventive Services Task Force (USPSTF) 
recommendations (17) state that there is insufficient evi- 
dence to recommend for or against routine physical activity 
counseling (“I” recommendation). In a recent December 
2010 draft statement the USPSTF recommended not rou- 
tinely providing primary care dietary or physical activity 
counseling for adults without preexisting cardiovascular dis- 
ease or its risk factors because the average benefit of counsel- 
ing for such patients is small (“C” recommendation) (16). 

E The USPSTF draft statement proposed that clinicians con- 
sider selectively providing or referring specific (higher risk) 
patients for more intensive counseling (16). 

E The ACSM Position Stand strongly endorses interventions to 
increase physical activity for prevention of weight gain, for 
weight loss, and for weight maintenance after weight loss (1). 
A 2011 ACSM comprehensive review describes evidence- 
based summaries of the quantities and qualities of exercise 
appropriate for exercise prescriptions (2). 

E The American Medical Association also recently published 
lifestyle medicine competencies that specifically call for pri- 
mary care physicians to be able to assess lifestyle “vital signs” 
including physical activity and to be able to collaboratively 
develop appropriate prescriptions in response (9). 

E The new Exercise Is Medicine initiative (http://www.exercise 
ismedicine.org), involving multiple commercial, medical, and 
academic entities and coordinated by ACSM, encourages phy- 
sicians to include physical activity and exercise specifically in 
their prescribing practices for the treatment and prevention of 
chronic disease (5). Guidelines for preexercise graded exercise 
testing are discussed in Chapter 20 (Electrodiagnostic Testing). 





BENEFITS OF PHYSICAL ACTIVITY (14) 





E There is strong evidence that physical activity decreases adult 
risk for: 


E Early death 
E Coronary heart disease 
E Stroke 
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E Hyperlipidemia 

E High blood pressure 

E Type 2 diabetes 

E Colon cancer 

E Breast cancer 

Similar strong evidence suggests that physical activity 

helps with: 

E Prevention of weight gain 

E Weight loss (especially when combined with lower calorie 
intake) 

E Improved cardiorespiratory and muscular fitness (adults 
and children/adolescents) 

E Prevention of falls 

E Reduced depression 

E Better cognitive function in older adults 

Strong evidence linking physical activity with favorable body 

composition, improved bone health, and improved cardio- 

vascular and metabolic health markers also exists specifically 

for children/adolescents. 

Other benefits of physical activity for which there is mode- 

rate evidence include improved sleep quality and reduced 

risk for cancer, hip fracture, and abdominal obesity. 





THE EXERCISE PRESCRIPTION: 
WHAT TO INCLUDE 





An exercise prescription (also referred to as an activity pre- 
scription) should include clear descriptions of the frequency, 
intensity, type, and duration (time) of activities that individ- 
uals should engage in to achieve health benefits. Providing 
these recommendations as a written prescription (as with 
other medical treatments) may help patient adherence. 

The mnemonic “FITT” (frequency, intensity, type, time) is a 
useful aid for guiding clinicians when working with the pa- 
tient on an exercise prescription. 

An individualized prescription should include specific rec- 
ommendations for different physical activities (aerobic and 
muscle-strengthening) in the context of patient goals and 
preexisting health. 


Frequency 


Patients should accumulate a minimum of 150 minutes of 
moderate or 75 minutes of vigorous exercise every week 
to positively influence health (14). For most patients, this 
can be accomplished by assuring at least 30 minutes of 
moderate-intensity walking most (preferably all) days of the 
week (7,15). Newer guidelines focus on total physical activity 
accumulated during a typical week. Activity sessions spread 
across at least 3 days per week may help reduce the risk of in- 
jury. The ACSM Position Stand (2) recommends 30 minutes 
of moderate-intensity cardiorespiratory exercise 5 days per 
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week (totaling 150 minutes per week). An alternative is 20 or 
more minutes of vigorous-intensity exercise at least 3 days 
per week (totaling 75 minutes per week). 

Adults should perform muscle-strengthening activities of 
moderate or high intensity involving all major muscle groups 
at least 2 days per week for additional health benefits (2,14). 


Intensity 


There are many ways to prescribe exercise intensity. The in- 
tensity of the exercise session should be tailored to the indi- 
vidual’s preexisting state of health and individual goals. 


Individuals wishing to improve health and lower disease- 
specific risk should be advised that sufficient levels of physi- 
cal activity can be accumulated through small bouts of 
activity throughout the day. A dedicated activity or training 
session is not necessary. 

The target heart rate is the most common method of pre- 
scribing exercise intensity. The training heart rate is based 
on an age-predicted maximal heart rate (based on the for- 
mula HRmax = 220 — patient age). Patients are instructed 
to exercise at a range of 40%-80% of HRmax based on their 
specific goals. 

A modification of the target heart rate includes calculation 
of the heart rate reserve (HRR). This method takes into 
account the patient’s resting heart rate (HR). Moderate ac- 
tivities typically are performed at 40%-60% of the HRR, 
whereas vigorous activities are performed at 60%-90% of 
HRR. To calculate the target HR based on this method: 
HRR = {(220 — patient age) — HRresting} 

HRiarget = {CARR X training intensity) + HRyesting} 

The talk test provides another safe and easy way to counsel 
individuals about exercise intensity. Patients should exercise 
at an intensity that allows them to carry out a conversation 
without undue shortness of breath. 


Type 


The type of activity should be based on the individual’s fit- 
ness level and interests. 

Activities involving repetitive movement of large muscle 
groups are recommended. Walking is the easiest activity on 
which to base an exercise prescription. Non—weight-bearing 
activities, such as swimming, rowing, and cycling, should be 
considered for individuals with orthopedic concerns. 
Helping an individual choose an activity that is fun and en- 
joyable for them increases the likelihood that an individual 
will keep doing it long term. 

Examples of vigorous-intensity activities include running, 
jogging, swimming, tennis (singles), aerobic dancing, bicy- 
cling (> 10 mph), jumping rope, and heavy gardening. 
Examples of typically moderate-intensity activities in- 
clude walking briskly (> 3 mph), water aerobics, bicycling 
(< 10 mph), tennis (doubles), and ballroom dancing. 


Duration (Time) 


B® Each individual bout of moderate- and vigorous-intensity 
exercise should be at least 10 minutes in duration. While 
shorter bouts may provide some health value, bouts of 
activity exceeding 10 minutes are known to have benefit (14). 

E One approach to meet the activity guidelines would be to 
recommend 30-60 minutes of walking most if not all days of 
the week. 

E An important point to help patients understand is that not 
all health benefits occur at minimum levels of physical ac- 
tivity. Additional benefits accrue as people increase levels 
of activity and move toward 300 minutes per week or more 
(colon and breast cancer risk reduction and prevention of 
unhealthy weight gain are two specific examples) (14). 





THE EXERCISE PRESCRIPTION: BEYOND 
CARDIOVASCULAR ENDURANCE 





E An exercise prescription should also include specific advice 
regarding muscular strength and endurance. 

E The same FITT principle used to guide aerobic exercise pre- 
scriptions can be applied to muscular conditioning prescrip- 
tions as well. 

E Frequency: Activities focused on improving muscular strength 
should be performed two to three times per week (2,14). 

E Intensity: To develop muscular strength, individuals should 
perform exercises using 60%-70% of the one-repetition 
maximum (1-RM) level of resistance (1-RM is the maxi- 
mum amount of weight that an individual can lift one time 
using proper technique). To develop muscular endurance, an 
individual should perform exercises using lower resistance, 
typically 50% of the 1-RM. 

E Sets/repetitions: For strength, two to four sets of 8—12 rep- 
etitions are recommended. For muscular endurance, two sets 
of 15-20 repetitions are recommended. 

E Type: Muscular strength and endurance can be developed 
using either free weights or dedicated resistance machines. 
Household items such as rubber tubing can also serve as 
creative forms of resistance. 

E Duration (time): Typically, two sets are performed for each 
muscular group. Rest intervals consist of 2-3 minutes be- 
tween sets; muscle groups require 48 hours of rest between 
exercise sessions. 


THE EXERCISE PRESCRIPTION: 
OVERCOMING BARRIERS TO ACTIVITY 





E Time: Patients commonly cite lack of time as a significant 
barrier to physical activity. Small bouts of physical activity 
scattered through the day can help overcome this barrier. 
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E Convenience: Patients also cite lack of convenience as a com- 
mon obstacle. Efforts to incorporate physical activity and ex- 
ercise into normal routines can help patients with this barrier. 
Walking or biking to work is a good example. Using public 
transportation in combination with walking or bicycling is 
another. Using available public facilities (parks, trails, courts, 
fields), particularly with an exercise partner, can be helpful. 

E Fatigue: Physical activity actually improves energy levels. 

E Boredom: Exercising with a friend or family member in- 
creases social support and accountability and reduces bore- 
dom. Choosing activities that are intrinsically fun can also 
help people overcome boredom. 


E All of these common barriers may be addressed by both cre- 
ating environments where it is physically and socially easier 
for people to exercise and by allowing them to come up with 
some of these ways to overcome the barriers themselves (see 
later information on motivational interviewing). 





THE EXERCISE PRESCRIPTION: 
ASSESSING READINESS TO CHANGE 





E Not all patients are immediately ready to engage in a pro- 
gram of increased physical activity. The likelihood of sus- 
taining an active lifestyle can be quickly assessed using the 
stages-of-change model (18). 


Precontemplation 


E Individuals who are in the precontemplative stage have not 
seriously considered participating in regular physical activity. 
They are unlikely to significantly change their current pat- 
tern of behavior. Informing patients about risks associated 
with physical inactivity and encouraging them to be more 
active are useful counseling points for these individuals. 


Contemplation 


E Patients who are contemplating change are ready for an exercise 
prescription, but often describe barriers to an active lifestyle. 
Steady encouragement with suggestions for overcoming pre- 
dictable barriers helps individuals in the contemplative stage. 


Preparation/Action 


E Patients in this stage particularly benefit from an individu- 
alized exercise prescription. Encouragement and support 
should be offered with specific follow-up to assess progress. 


Maintenance 


E Individuals in the maintenance stage have incorporated 
physical activity into their regular routine. The exercise pre- 
scription should be revised and updated periodically to en- 
sure patients maintain physically active behaviors. 
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Most individuals incorporating an exercise prescription 
into their routine lifestyle will progress through predictable 
phases of acclimation, improvement, and maintenance. 

E Acclimation: Acclimation typically lasts several weeks and 
is often the most psychologically challenging phase. Drop- 
out rates are highest during the acclimation phase. Pa- 
tients should be encouraged to commit to the frequency 
of activity first, then to duration, and finally to intensity. 


E Improvement: Improvement occurs after patients have ac- 
climated to regular activity. Patients experience predictable 
improvements in self-efficacy, physical fitness, and mood. 
The exercise prescription can be modified during the im- 
provement phase as well to target patient goals. 


E Maintenance: In addition to the psychological character- 
istics described with the stages-of-change model, main- 
tenance also has physical characteristics as well, includ- 
ing heart rate adaptations and exercise tolerance. The 
exercise prescription should be modified to account for 
changes in cardiovascular condition and enhanced mus- 
cular performance. 





THE EXERCISE PRESCRIPTION: 
RESOLVING AMBIVALENCE ABOUT 
CHANGE 





Motivational interviewing is a helpful technique to use when 
helping people resolve ambivalence around health-related 
behaviors (11). Motivational interviewing is also helpful and 
effective for improving physical activity levels (3). The key 
questions in motivational interviewing are: (a) How impor- 
tant is the behavioral change to you? (b) How confident are 
you that you can make the necessary change? Patients who 
perceive behaviors as important and who are confident that 
they are able to make necessary changes are likely to succeed. 


Other helpful tips for motivational counseling include (11): 
E Providing an accurate and empathetic style 
E Being collaborative (rather than authoritarian) 


E Evoking the patients own motivation (rather than trying 
to instill it) 


E Honoring patient autonomy 
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PLAYING SURFACE 





In many sports, the athlete or event organizer has no choice 
with regard to playing surface — only one option exists. 
However, in some sports, different options offer their own 
advantages and disadvantages. These are addressed below. 


Turf Sports 


Turf sports (e.g., football, soccer, field hockey) may be played 
on either artificial turf or natural grass. 

First-generation artificial turf, AstroTurf, was introduced 
in the late 1960s and consisted of short pile carpet mono- 
filament fibers on top of padding over concrete. Second- 
generation artificial turf incorporated longer fibers, sand 
filing, and a rubber base. 

Early studies comparing these surfaces with natural grass 
found a higher incidence of injuries when playing on these 
artificial surfaces (11,21). 

Third-generation artificial turf (e.g, FieldTurf), which is 
composed of longer synthetic fibers and infill made of rub- 
ber pellets or sand, more closely mimics the physical proper- 
ties of natural turf. 

Multiple studies have demonstrated no significant difference 
in overall injury incidence for soccer players when third- 
generation artificial turf is compared with natural grass 
(2,8-10,25). 

Evidence is sparse and less conclusive when comparing in- 
jury rates on third-generation artificial turf versus natural 
grass in American football. A 5-year study comparing injury 
rates in high school football players found a higher rate of 
injuries occurring during games played on third-generation 
turf (17). By contrast, Meyers’ most recent study involving 
National Collegiate Athletic Association (NCAA) Division 
I-A football players found a significantly lower overall inci- 
dence of injury on artificial turf (16). 

Although overall injury incidence may be comparable between 
third-generation turf and natural grass, injury patterns differ. 
Ankle ligament injuries in soccer players tend to be more 
prevalent and have been shown to be the most common 





season-ending injury on artificial turf. By contrast, ligamen- 
tous knee injuries are the most common season-ending in- 
jury for soccer players on grass (8-10). 

Grass surfaces have been associated with a higher incidence 
of both ligamentous knee injuries and concussion in high 
school football players (17). 

Certain types of minor injuries are exclusive to artificial 
turf. These include turf burns, the common abrasions asso- 
ciated with the surface. In one study, college football players 
were seven times more likely to have a methicillin-resistant 
Staphylococcus aureus infection after acquiring turf burn (5). 


Tennis 


Tennis is another sport with playing surface options, includ- 
ing hard court, clay, composition, grass, and carpet. 

Hard courts are associated with greater stress on the lower 
extremities as a result of the reduced shock-absorbing ability 
and increased traction between shoe and court. 

With its energy-absorbing properties, clay is more forgiving 
to the upper extremities due to reduced ball speed (20). 
During rehabilitation from injury, carpet, composition, and 
clay offer more cushion and are more forgiving to the lower 
extremities. 





PROTECTIVE EQUIPMENT 





The purpose of protective equipment is to prevent injury 
and to protect injured areas from further injury. Sanction- 
ing bodies (e.g., the NCAA) of various sports have rendered 
certain protective equipment mandatory. 


Football 


The NCAA mandates the use of a helmet, face mask, four- 
point or six-point chin strap, mouthguard, shoulder pads, 
and hip, coccyx, thigh, and knee pads during football 
competition. 

There are two types of helmets currently in use: (a) padded, 
and (b) air and fluid filled, with combinations of both types. 
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All football helmets in use at the high school or college level 
must be certified by the National Operating Committee on 
Standards for Athletic Equipment (NOCSAE). This ensures 
that each helmet has been tested to withstand repeated blows 
of high mass and low velocity. A study by Cantu and Mueller 
(7) attributed in large part a dramatic reduction in brain 
injury—related fatalities from football to the adoption of 
NOCSAE helmet standards. These standards went into effect 
in 1978 for colleges and in 1980 for high schools. 

Proper fitting of a helmet is ensured by the following cri- 
teria: The frontal crown of the helmet should sit approxi- 
mately one to two fingerbreadths above the eyebrows; the 
back edge of the helmet should not impinge on the neck as it 
extends; when the head is held straight forward, an attempt 
to turn the helmet on the head should result in only a slight 
movement; jaw pads should fit the jaw area snugly to prevent 
lateral rocking of the helmet; the chin strap should fit snugly 
with equal tension on both sides; the hair should be cut to 
normal length prior to fitting. 

Mouthguards include ready-to-wear, mouth-formed, and 
custom-fitted types. Ready-made guards are the least comfort- 
able and least protective type (19). Mouthguards have been 
required equipment for high school football players since 1962 
and for their collegiate counterparts since 1973. Mouth inju- 
ries, which at one time comprised 50% of all football injuries, 
have been reduced by more than half since the adoption of 
face masks and mouthguards for use in the sport (13). 


Two types of shoulder pads are in use: flat and cantilevered. 
Flat pads allow greater glenohumeral motion and are ap- 
propriate for limited contact positions, such as quarterback 
and receiver. Cantilevered pads are named for the cantilever 
bridge that extends over the shoulder, dispersing impact force 
over a wider area. These pads offer greater protection to the 
shoulder area and are appropriate for the majority of players. 
A proper shoulder pad fit is achieved when the tip of the in- 
ner pad extends just to the lateral edge of the shoulder. The 
sternum and clavicles should be covered, and the flaps or ep- 
aulets should cover the deltoid area. 

Hip and coccyx pads are mandatory equipment and should co- 
ver the greater trochanters, the iliac crests, and the coccyx. Sna- 
p-in, girdle, and wrap-around pads are available. Girdle pads are 
the most common type but also the most difficult to keep in 
place. Care should be taken to ensure coverage of the iliac crest. 


Controversy exists regarding the use of prophylactic knee 
braces in football. A study by Rovere et al. (22) in 1987 
actually showed an increased rate of anterior cruciate liga- 
ment (ACL) injuries with brace use. Since then, however, a 
study carried out at West Point (23) and another from the 
Big Ten Conference (1) showed a consistent trend toward a 
reduction of medial collateral ligament (MCL) injuries with 
use of prophylactic braces. Due to these inconsistent find- 
ings and the lack of demonstrated proof of efficacy, both the 
American Academy of Pediatrics and the American Academy 
of Orthopedic Surgeons have recommended against the rou- 
tine use of prophylactic knee bracing in football (15). 
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ACL functional braces are available for players with ACL- 
deficient knees. Custom-fit braces have not been shown to 
perform better or offer more protection than off-the-shelf 
braces (28). 


Baseball/Softball 


The NCAA mandates the use of a double earflap helmet 
for all batters and base runners as well as a mask and throat 
guard for catchers. 


Little League Baseball requires protective helmets for batters, 
catchers, base runners, first and third base coaches, and on- 
deck hitters. 

All helmets should be NOCSAE certified to ensure strength 
and safety and bear a “Meets NOCSAE Standard” seal on the 
outside. 

It is recommended that baseball batters age 4—14 wear hel- 
mets with face protectors to reduce the risk of eye and facial 
bone injury. This recommendation was originally made in 
1984 by the Sports Eye Safety Committee of the National 
Society to Prevent Blindness. 


Breakaway bases are available, which can decrease sliding- 
associated injuries by approximately 98% (18). 


Ice Hockey 


The NCAA mandates the use of helmets with fastened chin 
straps, face masks, and an internal mouthpiece. 

Shoulder pads, elbow pads, protective gloves, padded pants, 
and shin guards are also standard equipment. 

Athletic supporter and neck or throat guard are also recom- 
mended for goalies. 

The use of full face shields results in a significantly decreased 
risk of facial or dental injury (6). A systematic review found 
that face shields offer these protective benefits without in- 
creasing the incidence of head and neck injury (3). 

It has been shown that prophylactic knee braces do not sig- 
nificantly reduce the incidence of knee injury among hockey 
players (27). 


Lacrosse 


The NCAA requires the use of a NOCSAE-certified helmet with 
face mask, chin strap, and chin pad, as well as protective gloves, 
shoulder and arm pads, and a mouthguard for all male lacrosse 
players. Goalies are additionally required to wear chest and 
throat protectors. Many players also wear rib protector vests. 


Racquet Sports 


Some clubs require eye protection for badminton, squash, 
and racquetball players. 


Lenses should be composed of at least a 3-mm thick CR 
39 plastic or polycarbonate plastic. 


Glass lenses are discouraged due to risk of breakage. 
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Lenses should be mounted in a nylon sports frame with a 
steep posterior lip and temples that rotate about 180 degrees. 
When a lens in a sports frame is struck, it projects forward 
rather than back and toward the eye (14). 


Basketball 


Mouthguards are recommended, but not mandatory, to re- 
duce risk of dental trauma. 

High top basketball shoes have been shown not to reduce the 
incidence of ankle sprains during play (4). 

The use of a semirigid ankle stabilizing brace does seem to 
reduce the incidence of ankle injury, but not the severity of 
such injuries (24). 


Wrestling 


The NCAA requires use of ear protectors, which protect 
against the formation of auricular hematomas and the cos- 
metic deformity, cauliflower ear. It is recommended that all 
wrestlers use mouthguards. 


Soccer 


Shin guards should be worn to reduce incidence of tibia and 
fibula fractures, as well as compartment syndrome from an- 
terior leg contusions. Shin guards should protect the entire 
length of the tibia (12). They are mandated by the NCAA and 
require NOCSAE certification. 


Use of a semirigid ankle orthosis has been shown to decrease 
the incidence of recurrent ankle sprains in soccer players 
with previous history of sprains (26). 

Mouthguards are recommended, especially for goalkeepers, 
to protect against not only dental injury but also concussion 
resulting from head-to-head collisions. 
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INTRODUCTION 





E Although most sports injuries are nonemergent and mus- 


culoskeletal in nature, there are certain life- and limb- 
threatening injuries that the field-side physician (FSP) must 
be prepared to handle immediately. The most important step 
in the management of on-field and field-side emergencies is 
preparation, and depending on the setting of the event and 
the level of competition, resources may be limited. The FSP 
must at a minimum have ready access to appropriate health 
care personnel to assist in an emergency, appropriate medi- 
cal supplies and emergency equipment, immediate access 
to a telephone, and the ability to transport an athlete to a 
medical facility. It would also be advisable to be certified in 
basic life support (BLS) and have a working knowledge of 
advanced cardiac life support (ACLS), advanced trauma life 
support (ATLS), and the common and uncommon injuries 
specific to the event being covered. 





GENERAL APPROACH 
TO THE FALLEN ATHLETE 





When approaching the collapsed athlete, the field-side evalu- 
ation should be both rapid and focused. The “primary sur- 
vey” should follow the “ABCDE” approach taught by ATLS 
(7) and should occur where the athlete is found. The athlete 
should initially be left in that position unless the athlete is 
prone and unconscious or there is a problem performing the 
“ABCs” (3), in which case the athlete should be logrolled to a 
supine position. 

The logroll should ideally be a four-person technique in 
which the team leader is at the victim’s head maintaining in- 
line immobilization of the head and neck, while the other 
three members of the team control the torso, hips, and legs. 
The athlete should be turned in the direction of the three as- 
sistants according to the count of the leader and then onto a 
spine board placed under the athlete. 


If an athlete is wearing an appropriately fitted helmet, 
neither the helmet nor its chin strap should be removed. 
Padding or sandbags should be placed around the helmet 
and the shoulders with the hips and legs immobilized. The 
face guard can easily be removed by prying or cutting it 
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off for access to the airway. The helmet and shoulder pads 
should be considered a single unit — the removal of either 
one necessitates the removal of the other, as leaving only one 
of them in place forces the neck out of a neutral position 
(13). If the athlete is not wearing a helmet, a rigid cervi- 
cal collar should be applied with in-line immobilization of 
the spine. 

E After the primary survey is complete and the patient is stabi- 
lized, a more detailed secondary survey should be performed 
either on the field or on the sideline, depending on the status 
of the athlete and the environmental conditions. 

E The factors to be considered while evaluating the fallen 
athlete include whether the injury was witnessed or trau- 
matic. The age, general conditioning, and specific medical 
conditions of the athlete should be considered, as well as 
the general characteristics of the sport, such as the amount 
of contact (i.e., collision, limited contact, and noncontact), 
the degree of speed involved, and the duration of the event. 
Finally, the environmental conditions must be considered 
as both a potential causative and/or exacerbating factor in 
the injury. 

E After the initial examination of the patient is completed, the 
FSP should identify any problem areas and categorize them 
as being of either an immediate or potential life-threatening/ 
disabling nature and treat accordingly. Frequent reevalua- 
tion of the injured athlete is a must. 





IMMEDIATE LIFE-THREATENING 
INJURIES 





Respiratory Compromise 


Upper Airway Obstruction 


E Although rare in organized sports, respiratory arrest can re- 
sult from upper airway obstruction (UAO). Signs include re- 
spiratory distress with little or no air movement, significant 
accessory muscle use, and stridorous, wheezing, or snor- 
ing breath sounds. If the athlete is unconscious, the airway 
should be opened with a jaw-thrust maneuver to keep the 
tongue from occluding the airway, and an oral or nasal air- 
way should be inserted as necessary. In-line repositioning 
of the head and neck may be necessary to establish airway 
patency. The oropharynx should be inspected for foreign 


bodies, which should be removed if visualized; however, 
blind finger sweeps are not recommended in either children 
or adults. Significant facial or mandibular trauma with resul- 
tant loss of support of the tongue or with blood, secretions, 
and loose teeth in the pharynx can produce UAO, particularly 
in the unconscious athlete who has lost protective airway 
reflexes. Other causes of UAO, such as airway edema from 
anaphylaxis, inhalation burn injuries, or an expanding neck 
or retropharyngeal hematoma from neck trauma should be 
considered, with early intubation a priority. Surgical airway 
capability is a is a legitimate concern, and a cricothyrotomy 
kit might be prudent. 


Laryngeal Fracture 

E This rare injury occurs after direct trauma to the anterior 
neck. Signs include stridor, hoarseness, subcutaneous em- 
physema, and perhaps bony crepitus and a palpable fracture. 
Although airway obstruction may not be immediate, it can 
rapidly progress to this stage because of resultant edema, 
and as with other causes of obstruction, early intubation is a 
priority; surgical airway capability is again a necessity. 


Pneumothorax 

A simple pneumothorax may be spontaneous (i.e., rupture 
of a bleb) or traumatic, with spontaneous pneumothoraces 
occurring more often in sports that involve changes in intra- 
thoracic pressure (e.g., scuba diving and weightlifting) and 
traumatic pneumothoraces occurring secondary to rib frac- 
tures. Symptoms may include unilateral chest pain, dyspnea, 
and cough. Immediate treatment is rarely needed unless the 
patient is severely dyspneic or the pneumothorax is open or 
under tension. Those with a stable simple pneumothorax 
should be given oxygen and transported to a medical facility 
for further evaluation and management. 


Open Pneumothorax 

H This is defined as a pneumothorax accompanied by an open 
wound to the chest (sucking chest wound). Treatment con- 
sists of placing an occlusive dressing over the open wound 
and taping it down on three sides to create a one-way valve 
that allows air to exit without reentering until a definitive 
thoracostomy tube can be placed. 


Tension Pneumothorax 


ŒE This occurs when a pneumothorax is accompanied by pro- 
gressive accumulation of air in the pleural space with the re- 
sultant increase in intrathoracic pressure causing a shift of 
mediastinal structures away from the pneumothorax as well 
as a decrease in venous return and cardiac output. In addi- 
tion to the previously listed symptoms, these athletes may 
have tracheal deviation away from the affected side with jug- 
ular venous distention and hypotension. This is a true medi- 
cal emergency that requires immediate treatment by needle 
decompression of the chest with a large (14-16 gauge) needle 
or catheter inserted in the anterior chest wall in the second 
intercostal space at the midclavicular line, followed by place- 
ment of a thoracostomy tube. 
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Cardiac Arrest 


E Although devastating when it occurs in a young athlete, 
a cardiac sudden death is extremely rare, with incidence 
varying depending on the age of the athlete and the sport- 
ing event (17,23). The most common cause of sudden car- 
diac death in young athletes is congenital cardiovascular 
structural abnormalities, with hypertrophic cardiomyopathy 
leading the list, followed by coronary artery anomalies. The 
most common cause in middle-aged athletes is atheroscle- 
rotic heart disease causing acute ischemic events. 


E The field-side treatment of any cause of cardiac arrest 
should follow ACLS guidelines with attention to early car- 
diopulmonary resuscitation (CPR) and defibrillation as in- 
dicated. An equally important task for the FSP is to identify 
those athletes who have warning signs of cardiac disease 
and dysrhythmias, such as sudden unexplained syncope or 
collapse, exertional syncope, early fatigue, or anginal chest 
pain during or immediately following exertion, as well as a 
family history of early sudden cardiac demise. Strong con- 
sideration should be given to withholding these athletes 
from further competition until a thorough evaluation is 
performed (17,23). 


E Commotio cordis is a rare event caused by relatively low- 
energy chest trauma and results in a dysrhythmia very of- 
ten unresponsive to treatment. With a huge proportion of 
cases being fatal, the most successful intervention has been 
immediate CPR and application of an automated external 
defibrillator (AED) to treat ventricular fibrillation, the pre- 
dominant arrhythmia. Better protection from direct blows to 
the chest may be the best way to prevent this rare but often 
lethal injury. 


Anaphylaxis 


ŒE Anaphylactic reactions are acute systemic hypersensitiv- 
ity reactions that can be idiopathic, exercise-induced, or 
allergen-induced, and although rare, they can progress very 
rapidly and prove fatal if unrecognized. Insect stings (espe- 
cially Hymenoptera) may be a cause of sports-related ana- 
phylaxis; inhalation of such insects is another possible cause 
in athletes. 


E The symptoms of anaphylaxis may include urticaria or an- 
gioedema, upper airway edema, dyspnea, wheezing, flush- 
ing of skin, dizziness, hypotension, syncope, gastrointestinal 
symptoms, rhinitis, and headache (2). Symptom onset is 
typically rapid (within 5-30 minutes of exposure), and in its 
most severe form, anaphylaxis can progress to severe bron- 
chospasm, airway edema, and fatal cardiovascular collapse. 


E ‘Treatment consists of prompt attention to the ABCs, fol- 
lowed by treatment with 100% oxygen, epinephrine (1:1,000) 
0.3-0.5 mL in adults or 0.01 mg/kg in children (not to ex- 
ceed 0.30 mg) given subcutaneously and repeated every 
10-15 minutes as needed, intravenous (IV) fluids if hypo- 
tensive, B-agonists by nebulizer if bronchospasm is present, 
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antihistamines (H, and H; blockers), and glucocorticoids if 
available. The athlete must be rapidly transported to a medical 
facility because continued observation will be required (15). 


Severe Hemorrhage 


Hemorrhage in the athlete may be the result of lacerations, 
fractures, vascular disruptions, or visceral organ or mus- 
cle disruptions. It can manifest as either massive external 
bleeding or insidious and occult internal bleeding. Control 
of external bleeding should follow the basic principles of 
hemostasis, which include steady direct pressure over the 
bleeding site and over larger arteries proximal to the site of 
injury, as well as elevation of the affected body part. Blind 
clamping of bleeding vessels and tourniquet application 
(with the possible exception of a traumatic amputation) are 
not recommended. 


Scalp lacerations can cause significant hemorrhage and often 
go unnoticed if the athlete is lying on his back or is strapped 
to a spine board. 


Occult bleeding may produce delayed signs and symptoms, 
and what may at first appear to be an atraumatic incident 
may actually have been caused by recent unnoticed or unwit- 
nessed trauma (3). 


Potential injuries that may be major sources of occult blood 
loss include hemorrhage into the thoracic and abdominal 
cavities, the soft tissues surrounding major long bone frac- 
tures, and the retroperitoneal space secondary to a pelvic 
fracture, and as a result of penetrating torso injury (7). 
Signs and symptoms of hypovolemic shock include altered 
sensorium; pale and cool extremities with a decreased cap- 
illary refill; weak, thready, and rapid pulses; hypotension; 
tachycardia; and tachypnea. 


Treatment should follow ATLS protocol, two large-bore 
peripheral IVs should be started and oxygen administered. 
Consideration should be given to starting crystalloid fluids, 
although there is some debate as to whether or not aggres- 
sive fluid resuscitation may actually be more detrimental to 
patients with certain types of injuries, and one should con- 
sider the concept of permissive hypotension when managing 
hypovolemic shock in the alert patient (11). 


POTENTIAL LIFE-THREATENING/ 
DISABLING INJURIES: HEAD, NECK, 
AND SPINE 





Head Injury 


Head injuries in sports are quite common and often provoke 
anxiety and uncertainty. The most common head injury in 
sports is a concussion, and 90% or more of concussions do 
not involve a loss of consciousness (LOC) (18,19). The FSP 
should know how to recognize concussions (which is not 
always easy) and manage the concussion on the sidelines 


General Considerations in Sports Medicine 


with a low threshold for transfer to an emergency facility if 
needed. A search for clues to more serious underlying injury 
should take place, and finally, a determination of if and when 
the athlete may return to play must occur (10). In most in- 
stances in nonprofessional sports, the player will be removed 
from play. 

When approaching the fallen athlete with a suspected head 
injury, the FSP should rapidly assess the ABCs and determine 
the level of consciousness as well as note any spontaneous 
movement and speech. Assessment for potential spine injury 
should be done, and once on the sidelines, a focused neuro- 
logic examination should be performed, including a more 
thorough sensory, motor, and cranial nerve examination as 
well as cognitive functioning and memory testing. 

Obvious signs of skull fracture or intracerebral bleeding, 
such as pupillary asymmetry, postauricular or periorbital 
ecchymosis, clear otorrhea, rhinorrhea, or hemotympanum, 
and any depression in the skull should be searched for (epi- 
dural hematoma is discussed in more detail later). It must be 
emphasized that even if the initial examination is completely 
normal, frequent reassessment is mandatory because victims 
of head injury may rapidly deteriorate, and many of the pre- 
viously listed findings may be delayed. 


A concussion is generally agreed upon to be a trauma- 
induced alteration in mental status that may or may not in- 
volve loss of consciousness. Historically, the most commonly 
used systems assess severity based on the presence or absence 
of LOC and/or amnesia, as well as the duration of postcon- 
cussive symptoms; however, current guidelines refine deci- 
sions to a “yes” or “no” decision regarding concussion. 
Despite the multiple differences among the recognized 
guidelines, most authorities would agree with the following 
statements: 


E No athlete should return to play while any symptoms are 
still present either at rest or with exertion. 


E No athlete should return to play on the same day. 

E It must be emphasized that the safest maxim in the face 
of any uncertainty is “when in doubt, sit them out” (4). 

E Frequent reevaluation and serial examinations are abso- 
lutely mandatory. 


Epidural Hematoma 


This most commonly results from a tear of the middle men- 


ingeal artery after high-velocity impact to the temporopari- 
etal region and is associated with a skull fracture 80% of the 
time. Athletes will often experience a brief LOC followed by 
a lucid interval, which may last up to several hours, and then 
progress to rapid neurologic deterioration and eventually 
coma and brainstem herniation. Treatment is surgical, and 
immediate transfer to a medical facility is required. 


Second Impact Syndrome 
E This is defined as a second head injury occurring before the 


symptoms of a first head injury have resolved. A controver- 
sial topic, it is a catastrophic injury that may occur because 


of loss of cerebral autoregulation caused by the initial in- 
jury (8,12). When the second injury occurs, and it is often 
a very mild injury, cerebral edema may rapidly develop with 
subsequent brainstem herniation within a matter of seconds 
to minutes. Treatment consists of immediate intubation and 
hyperventilation, administration of an osmotic diuretic (i.e., 
mannitol), and transport to a medical facility. Despite ag- 
gressive treatment, mortality and morbidity may range be- 
tween 50% and 100%. Therefore, prevention may be the best 
management, which includes thoughtful consideration of 
return-to-play decisions (4,10). 


Neck Injury 


E Neck injuries, although relatively uncommon and usually 
self-limited (18), represent one of the most feared and poten- 
tially catastrophic injuries in sports. The FSP must promptly 
recognize the potential for spine injury, adhere strictly to spi- 
nal precautions (discussed previously in this chapter), and fi- 
nally, determine whether an athlete requires immobilization 
and transfer to a medical facility, can return to play, or simply 
requires further sideline observation. 


E Indications for spinal immobilization include posttraumatic 
LOG, subjective neck pain or bony tenderness on examina- 
tion, significant neck/upper back trauma, significant head 
injury, mental status changes, peripheral neurologic abnor- 
malities, or significant mechanism of injury (18,21). 

E Usually minor, “burners” or “stingers” are nerve injuries re- 
sulting from trauma to the neck and/or shoulder that cause 
either a compressive or a traction injury to the fifth or sixth 
cervical nerve roots or the brachial plexus itself (13,18). The 
syndrome consists of immediate onset of burning pain ra- 
diating down the arm, is usually unilateral in distribution, 
and is often associated with other symptoms such as numb- 
ness, paresthesias, and muscle weakness or paresis. It is typi- 
cally self-limiting, with most cases resolving in a matter of 
minutes, although some symptoms may persist for weeks 
to months. 

E A “burner” should not be considered as an initial diagnosis if 
an athlete has any of the following: 

E Bilateral upper extremity involvement 
E Any lower extremity involvement 
E Neck pain or tenderness 

E Although there are no definitive guidelines as to which ath- 
letes with neck injuries are safe to return to play, it is gener- 
ally agreed on that only those players with no neck pain or 
neurologic symptoms and with completely normal exami- 
nations may return to play safely, with repeated evaluation 
being necessary (13,18,21). 


Ophthalmologic (Globe) Injury 


E Any injury to the eye warrants an immediate ocular exami- 
nation, as seemingly minor injuries can be potentially vi- 
sion threatening. Examination of the eyes should include an 
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assessment of visual acuity, visual fields, the eyelids and peri- 
orbital bony structures, the surface of the globe (conjunctiva, 
sclera, cornea), the pupils (size, shape, reactivity), and extra- 
ocular movements, and funduscopic examination (9). 


Eyelid Lacerations 

E Any lacerations involving the lid margin or lacrimal system 
or those with significant tissue loss should be repaired by an 
ophthalmologist or plastic surgeon. 


Corneal Abrasion 

E An abrasion presents with pain, photophobia, tearing, and a 
foreign body sensation. Diagnosis is by fluorescein examina- 
tion, and potential treatment consists of topical antibiotics, 
analgesia, and tetanus prophylaxis. The athletes may return 
to play if appropriate. 


Corneal Foreign Body 


E The presentation is similar to corneal abrasion, and corneal 
perforation must be ruled out if there is a history of high- 
velocity objects involved. Removal can be accomplished with 
a cotton tip applicator, eye spud, or 20- to 22-gauge needle 
under magnification and topical anesthesia. 


Corneal Laceration 


E Many of these are self-sealing and difficult to visualize, thereby 
requiring a high index of suspicion. Examination may show 
a teardrop pupil, hyphema, or flat anterior chamber. The eye 
should be covered with a hard shield and the athlete told not 
to move the eye. Intraocular pressures should not be mea- 
sured, and immediate ophthalmology consult is required. 


Hyphema 

E A hyphema is blood within the anterior chamber, usually 
due to trauma, although atraumatic hyphemas may occur 
in the presence of coagulopathies. Presenting symptoms in- 
clude decreased vision, pain, and a history of trauma. The 
size of the hyphema should be noted, the eye shielded, and 
immediate ophthalmology consult or emergency depart- 
ment evaluation obtained. 


Subconjunctival Hemorrhage 


E Although startling in appearance, subconjunctival hemor- 
rhage is usually harmless and may be ignored unless accom- 
panied by a significant mechanism of injury and/or medical 
history of bleeding disorders. 


Intraocular Foreign Body 

Œ Many sports involve objects that are propelled, thrown, or 
swung or are subject to fragmentation, possibly leading to an 
intraocular foreign body. 

E Presenting symptoms include pain, irritation, and injection, 
and suspicion should be based on a history of any high- 
velocity projectile or metal striking metal. Fluorescein staining 
may reveal a positive Seidel sign (a washing away and streak- 
ing of fluorescein as aqueous humor leaks out of the globe). 
The eye should be shielded, intraocular pressure measure- 
ments avoided, and ophthalmology consultation obtained. 


involves drainage of the hematoma followed by a pressure 
dressing to prevent reaccumulation. This too is a nonemer- 
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Globe Rupture 
ŒE This usually occurs from direct blunt trauma to the eye 


because of a sudden increase in intraocular pressure. Ex- 
amination may reveal a total subconjunctival hemorrhage, 
enophthalmos, a teardrop pupil, or a flat anterior chamber. 
Treatment is the same as that of an intraocular foreign body 
or corneal laceration. 


Retrobulbar Hemorrhage 


Retrobulbar hemorrhage usually occurs after trauma and 
presents with acute proptosis, pain, swelling, and limitation 
of extraocular muscle (EOM) movement. This is essentially 
an “orbital compartment syndrome.” Irreversible vision loss 
can occur within 1 hour. Therefore, although only neces- 
sary in remote environments where perhaps logistics pre- 
clude rapid ophthalmologic or plastic surgery consultation, 
lateral orbital canthotomy may be necessitated; an excel- 
lent description of the technique is provided by Liu and 
Hackett (16). 


Orbital Rim Fracture 


Blunt trauma may result in periorbital bony tenderness, 
crepitus, or paresthesias in the distribution of the infraor- 
bital nerve, as well as limitation of EOM movement if there is 
entrapment. Athletes should be sent for radiographic evalua- 
tion, with treatment depending on the extent of injury. 


Nasal Injury 


The field-side care of problematic nasal injuries generally 
involves identification of nasal fractures, control of epistaxis, 
or treatment of septal hematomas. 


Isolated nasal fractures are usually not corrected acutely un- 
less associated with significant deformity or other soft tissue 
injury. Treatment includes ice, analgesics, nasal deconges- 
tants, and avoidance of further injury. 

Given that the vast majority of nosebleeds seen by the FSP 
are anterior in origin, most can be controlled with either di- 
rect pressure and, if necessary, cauterization of an identified 
bleeding site or packing with a nasal tampon. 


A potential complication of nasal injuries that must be care- 
fully looked for is a septal hematoma, which is a red-blue, 
bulging mass on the nasal septum. These should be drained 
promptly by incision or aspiration followed by packing to 
prevent reaccumulation, because avascular necrosis and/or 
an abscess of the nasal septum may develop within a few days 
if left untreated. This procedure may be delayed if adequate 
equipment is unavailable field-side. 


Ear Injury 


An auricular hematoma is a subperichondrial accumulation 
of blood following blunt trauma. If large enough and left 
untreated, it can cause avascular necrosis as well as asym- 
metrical regrowth of new cartilage with a resultant cosmetic 
deformity of the ear known as a cauliflower ear. Treatment 


gent condition and may be referred. 


Tympanic membrane perforation, although not an acute 
emergency, must be recognized so that proper follow-up 
care is obtained to ensure proper healing and avoidance of 
hearing loss. Most will be caused by either blunt or noise- 
induced trauma, and greater than 90% will heal spontane- 
ously. Antibiotics (either systemic or topical) are typically 
not necessary for uncomplicated perforations. Those that are 
caused by penetrating trauma should be promptly referred 
to an otolaryngologist (6). 


Abdominal/Pelvic Injury 


Although potentially serious and even life threatening, most 
abdominal injuries can be managed nonoperatively with 
close observation. These injuries generally result from rapid 
deceleration, direct blunt trauma to the abdomen, or indi- 
rect trauma from a displaced lower rib fracture. 


Injuries to the abdominal wall include simple contusions 
and rectus sheath hematomas, both of which are benign 
and usually managed conservatively, although the latter 
can occasionally require surgical intervention. The impor- 
tance of these injuries to the FSP lies in excluding associated 
intra-abdominal injuries, with mechanism of injury being 
perhaps the most important clue because a single field-side 
abdominal examination, even if benign, is often misleading 
and inadequate in excluding significant intra-abdominal 
injury. 

Exercise-related transient abdominal pain (ETAP) or “stitch” 
is an intense stabbing subcostal pain usually occurring early 
in the conditioning of the athlete and goes away as the athlete 
gets in shape. It may be due to diaphragmatic ischemia and is 
benign (1). 


Splenic/Hepatic Injury 


The spleen and liver comprise two common organs injured 
in blunt abdominal trauma. There may be left or right up- 
per quadrant and/or shoulder pain (Kehr sign), respectively, 
as well as signs of hypotension if bleeding is significant. All 
athletes with significant pain and/or appropriate mechanism 
of injury may require urgent ultrasound, computed tomog- 
raphy (CT) imaging, and/or observation. 


Genitourinary Injury 


Injuries to the genitourinary system seldom require imme- 
diate intervention, and suspicion should be based on the 
mechanism of injury as well as the presence and degree of 
hematuria. One must keep in mind that injury to the kidney 
may be present without hematuria and that hematuria does 
not always signify significant renal injury. In terms of evalu- 
ating hematuria, usually only those athletes with gross hema- 
turia accompanied by hypotension or associated nonrenal 


injuries require urgent radiographic evaluation of the geni- 
tourinary system. 

Gross blood may occur at the urethral meatus as a result 
of blunt trauma to the scrotal region. Displacement of the 
testicle into the perineum or inguinal canal may indicate 
rupture of the testicular capsule and require surgical in- 
tervention. Examination is often difficult because of pain 
and swelling; however, severe scrotal or testicular swelling 
or a nonpalpable testicle warrants further evaluation. In the 
absence of direct trauma, testicular torsion must be ruled 
out in the athlete presenting with acute onset of testicu- 
lar pain. In either case, removal from the field of play and 
transfer to an emergency department for color flow Doppler 
ultrasound studies may define the nature or extent of the 
problem. 


Musculoskeletal Injury 


B® Musculoskeletal injuries are the most commonly encoun- 


tered injuries in sports. Most are minor and self-limited, 
and it is certainly beyond the scope of this chapter to discuss 
various specific fractures; however, a few general statements 
about fracture care can be made, and a handful of limb- 
threatening injuries can be discussed. 


In terms of fracture care, the FSP should ascertain the mech- 
anism of injury and never assume that the obvious defor- 
mity is the only injury. Always check the neurovascular status 
of the affected body part distal to the fracture site. If there 
is vascular compromise, reduction of dislocations and/or 
fractures should be attempted in the field with gentle trac- 
tion. Otherwise, fractures should be splinted in the position 
in which they are found, unless some degree of reduction 
is required because of neurovascular compromise. Finally, 
no athlete should return to play if there is a question of a 
fracture, no matter how minor the injury may seem, because 
this may transform a nondisplaced or a closed fracture into a 
displaced or open one. 
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fashion, placed in a bag, and put on ice with rapid transport 
to an appropriate medical facility. 


Compartment Syndrome 


E This is a state of increased pressure within a closed tis- 


sue compartment that compromises blood flow through 
nutrient capillaries supplying muscles and nerves within 
that compartment. The potential causes of compartment 
syndrome are numerous, although in terms of athletes, 
this is typically an injury with the most common site being 
the anterior compartment of the leg. Presentation typically 
occurs within a few hours after injury and will consist of 
severe and constant pain over the involved compartment 
and an increase in pain with both active contraction and 
passive stretching of the involved muscles. There may also 
be significant dysesthesias as well as an absent or dimin- 
ished pulse, pallor, and/or paralysis of the affected neuro- 
muscular group, although these are considered to be late 
findings that indicate that significant myoneural ischemia 
has already occurred. Treatment is an emergent fasciotomy 
and requires rapid transport of the athlete to a medical 
facility. 


Knee Dislocation 
E Extremely rare and usually associated with a high-velocity/ 


high-energy mechanism of injury, this is a very serious in- 
jury that may require a high index of suspicion because 
many dislocations will have spontaneously reduced prior to 
evaluation. The knee will typically be very swollen and pain- 
ful and will often demonstrate severe instability in multiple 
directions on examination. The seriousness of the injury lies 
in the high rate of associated complications, specifically pop- 
liteal artery injury and peroneal nerve injury (which may oc- 
cur despite spontaneous reduction and normal pulses). Early 
reduction of a visible dislocation is important. Rapid trans- 
port of the patient with a known or suspected dislocation to 
a medical facility for orthopedic and/or vascular consulta- 
tion is essential. 


E The following injuries represent a potential threat to a limb. ee aa , 
Hip Dislocation 


Open Fracture E Like the knee, this dislocation is rare in sports and usually 


E Previously known as a compound fracture, this is a fracture involves a high-velocity/high-energy mechanism of injury. 


associated with overlying soft tissue injury with communi- 
cation between the fracture site and the skin. These are at 
high risk for subsequent infection and osteomyelitis and re- 
quire washout in the operating room. On the field, the open 
wound should be covered with moist sterile gauze and the 
extremity splinted with no attempts made to push extrud- 
ing bone or soft tissue back into the wound or to reduce the 
fracture, unless neurovascular compromise is present. 


Traumatic Amputations 


E This is a very rare and dramatic injury that is easy to recog- 


nize. The proximal stump should be irrigated with a ster- 
ile solution and a sterile pressure dressing applied, with a 
tourniquet used only for severe, uncontrolled bleeding. The 
amputated portion should be irrigated, wrapped in a sterile 


Posterior dislocations are by far the most common type, 
and the seriousness of this injury lies in the risk for avas- 
cular necrosis (AVN) of the femoral head as circulation is 
disrupted. This occurs in a matter of hours, with 6 hours 
being the danger zone because approximately 60% of re- 
ductions beyond 6 hours develop AVN, whereas only 5% 
of reductions occurring within this time frame develop this 
complication (22). 


Other Dislocations: Digits, Elbows, Shoulders, and Patellas 
E Many FSPs are familiar with these entities and are quite ca- 


pable of early reduction. However, there will be the occa- 
sional unreducible event that necessitates prompt referral. 
All dislocations need splinting, comfort care, and follow-up 
to ensure successful outcome. 
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Environmental Injury 


Hypothermia 


Defined as core body temperature < 95°F (< 35°C), this 
usually occurs as a result of prolonged exposure to cold envi- 
ronmental conditions. When approaching the hypothermic 
athlete, the FSP must keep the following points in mind. 


E Treatment should routinely start with passive external re- 
warming (i.e., moving the athlete from a cold to a warm 
environment, removing all wet clothing, and covering 
with dry blankets). Active external rewarming and core 
rewarming should usually be deferred until the hospital 
environment because patients with moderate to severe 
hypothermia are at high risk of having significant elec- 
trolyte, acid-base, and cardiovascular changes associated 
with rewarming. 


E Significantly hypothermic patients are at very high risk of 
fatal cardiac arrhythmias. 


E Assessment for pulse/breathing may take a little longer 
than usual due to the difficulty of palpation in cold tis- 
sue as well as the bradycardia, but if none is detected in 
30-60 seconds, CPR will be required. And if started, CPR 
should continue until the patient’s temperature reaches 
92°F (32°C); the phrase “they are not dead until they are 
warm and dead” still applies (14). 


Hyperthermia 


Heat-related illnesses are a spectrum of diseases ranging 
from heat cramps and edema to heat stroke and death. Dehy- 
dration may potentiate these processes but is not necessary 
as a causative factor. Heat stroke is a true medical emergency, 
with high mortality rates if unrecognized (5). It typically 
presents in warm, humid conditions with elements of over- 
exertion on the part of the athlete, but has been documented 
in temperatures < 60°F. A temperature > 105°F (> 40.5°C) 
and prominent central nervous system (CNS) changes make 
the diagnosis in the field. Other signs include tachycardia 
autoregulatory changes and decompensation in the intrin- 
sic ability of the vasculature to maintain blood pressure to 
end organs within a homeostatic range despite changes in 
perfusion pressure. Although end-organ perfusion failure 
only presents later on laboratory studies, blood pressure may 
be most indicative of changes in autoregulation when inter- 
preted in the clinical setting of an insult to thermoregulation. 
The FSP must keep the following in mind when approaching 
the hyperthermic athlete. 


E Active and passive cooling measures (e.g., removing from 
the heat, disrobing, placement of ice packs around the 
groin, neck, and axillae) should be instituted immediately 
with the goal being to lower the core temperature to < 
102°F (< 39°C) as quickly as possible using immersion 
in a tub of ice water or rapidly rotating ice water-soaked 
towels around the entire body. A novel method of water 
ice therapy has been found safe and effective and is avail- 
able for field-side use. Patients are placed on a stretcher 
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Figure 14.1: Heat deck used at Marine Corps Marathon for manage- 
ment of exertional heat stroke. 


proximal to a cold water tub of about 50°F (10°C) and 
doused but not immersed, while being massaged with ice 
bags (20). (See Fig. 14.1.) 

E Oral fluid replacement is sufficient in most circum- 
stances; however, IV fluids may be started if hypovolemia 
remains a problem. Caution must be exercised because 
overaggressive rehydration may put the victim at an in- 
creased risk of pulmonary edema and adult respiratory 
distress syndrome (ARDS). Victims who remain symp- 
tomatic despite simple measures of treatment should be 
transported to a medical facility for further care. 


Lightning Injury 
E Although rare, lightning injury is one of the more frequent 


injuries by a natural phenomenon, with the largest number 
of injuries occurring in golf and water sports. Most injuries 
occur during the months of June through September. Al- 
though it is by definition an electrical injury, it differs signifi- 
cantly from high-voltage electrical injuries in the pattern and 
severity of injuries as well as the immediate treatment. While 
the voltage of lightning is extraordinarily high, it is usually 
an instantaneous contact that tends to flash over the out- 
side of a victim’s body, often creating superficial burns, but 
sparing extensive damage to internal organs and structures. 
Lightning may injure a person by striking either the person 
directly or something they are holding, or by splashing over 
from a nearby person or object that has been struck. It may 
also strike the ground and spread circumferentially, often 
creating multiple victims. Although it can potentially affect 
any organ system, injuries to the cardiovascular and neuro- 
logic systems tend to be the most serious, primarily due to 
asystole, with the immediate cause of death most commonly 
being cardiopulmonary arrest. Minor injuries include dyses- 
thesias, minor burns, temporary LOC, confusion, amnesia, 
tympanic membrane perforation, and ocular injury. Long- 
term sequelae include peripheral neuropathies and mental 


impairment (24). The FSP should keep the following points 

in mind when approaching a victim of lightning injury: 

E In lightning victims with cardiopulmonary arrest, cardiac 
automaticity and contractions will often resume sponta- 
neously in a short period of time, whereas respiratory ar- 
rest from paralysis of the medullary respiratory center may 
be prolonged. Therefore, unless the victim is ventilated 
quickly, the victim will progress to a secondary hypoxic 
cardiac arrest despite normal cardiac activity. If promptly 
resuscitated and supported, full recovery may ensue. 

4 Therefore, in a multicasualty situation from a light- 
ning strike, the FSP should always resuscitate “the 
dead” first, a reversal of the standard rule of triage 
where the obvious moribund are left to the last. 


E Standard ACLS protocols should be followed. 


E Victims do not “retain charge” and are not dangerous to 
touch, so CPR should not be delayed for this reason. 


E Contrary to popular belief, lightning can and often does 
strike the same place twice, so personal safety must be 
taken into consideration. 


E Hypotension in a lightning victim should prompt a 
search for occult hemorrhage or fractures as a result of 
blunt trauma; spinal precautions are required. 


E Pupils may become “fixed and dilated” because of the na- 
ture of lightning injuries, and this should not preclude 
resuscitation attempts as these changes do not necessarily 
indicate brain death in lightning victims. 

E In lightning victims with cardiopulmonary arrest, cardiac 
automaticity and contractions will often resume spontane- 
ously in a short period of time, whereas respiratory arrest 
from paralysis of the medullary respiratory center may be 
prolonged. Therefore, unless the victim is ventilated quick- 
ly, the victim will progress to a secondary hypoxic cardiac 
arrest despite normal cardiac activity. If promptly resusci- 
tated and supported, full recovery may ensue. 


E Long bone fractures, vertebral injuries, and dislocations 
may be found. 





SUMMARY 


E In conclusion, although most sports-related injuries are 


minor, for the few urgent/emergent events the FSP will 
encounter, planning is paramount. Medical equipment 
appropriate for the event and knowledge of life support 
techniques are essential. A study of the topics presented here 
should be helpful in preparing for field-side emergencies. 
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GOALS 





Mass participation events are those sporting events in which 
many people participate and are generally spread out over 
several miles and variable terrain. 

Advanced planning and preparation are critical to successfully 
accommodate the medical needs of the event participants. 
The medical director has numerous responsibilities of plan- 
ner, communicator, and organizer in addition to the care of 
injured athletes. 


Medical Coverage 


The needs of the athletes competing must be considered 
prior to the event. 

Specific considerations of the type of event, number of 
participants, course peculiarities, and environmental pre- 
dictions are all very important in determining the medical 
coverage required. 

The formation and implementation of an emergency action 
plan have proven successful in numerous situations (5). 


Safe Environment 
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As a key advisor to the event director, the medical director 
must ensure that the event is conducted with the safety of the 
competitors being of utmost importance. Often, this is furthest 
from the minds of race organizers especially with competing 
priorities of sponsor, financial, and community concerns. 

In extreme conditions, the race may need to be cancelled or 
rescheduled (17). It is best that these possibilities and contin- 
gency plans be discussed and prepared prior to the race day. 


It is often necessary to review the course for any potential 
trouble spots and hazards that could cause injury. The start 
and finish are common sites of medical concern. The start 
area should be on a large level surface devoid of obstacles, 
thereby allowing the athletes to more easily accommodate 
the surge that invariably occurs. The finish area should also 
be large enough to prevent the athletes from bunching up 
and being forced to stand in one place. It should also have 
necessary facilities and resources to allow the athletes to 
properly cool down and recover after the event and easily 
access medical treatment areas as required. 


Mass Participation Events 


Biking, swimming, and skiing events carry additional risk 
elements (8,15,22), such as water safety and trauma potential 
associated with high speeds. Water temperature; sea condi- 
tions; road conditions; transition, acceleration, and dece- 
leration zones; and protective equipment must be carefully 
scrutinized. 





EPIDEMIOLOGY 





Injury Rate 


Running (42 km), 1%—20%; running (< 21 km), 1%-5%; 
triathlon (225 km), 15%-30%; Nordic skiing (55 km), 5%; 
triathlon (51 km), 2%—5%; cycling (variable), 5% (20). 
Injury rate increases with increased distance and environ- 
mental temperature (9,10). 


Predicting Injury Rate 


Previous years’ experience is very helpful in planning for sub- 
sequent years. This also stresses the importance of a reliable 
injury data tracking system. 

Similar events in similar elements can be used in the initial 
planning and preparation stages. 

Fortunately, the risk for exertional death in marathons is 
quite small (13). 





MEDICAL PHILOSOPHY 





Level of Care 


The level of medical care that will be available on the course 
must be defined and agreed on between the medical director 
and the event director early in the planning stage. 

This may differ among the aid stations throughout the course 
with the most robust resources usually being provided at the 
finish area. 

It is essential to provide on-site basic first aid and cardiopul- 
monary resuscitation (CPR). It is desirable to provide on-site 
early defibrillation, advanced cardiac life support (ACLS), 
and advanced trauma life support (ATLS). 


E The usage and type of intravenous fluids and availability of 
oxygen, medications, and advanced cardiac and trauma life 
support equipment are all areas requiring discussion. 

E Coordination with the local emergency medical system 
(EMS) and emergency rooms and hospitals is absolutely 
required. 

E Mobile medical assets in the form of bike or canoe/kayak 
teams or EMS units provide an excellent means to access in- 
jured competitors throughout the course (12,14). 


Medication Plan 


ŒE A decision must be made as to the provision of medica- 
tion on the race course and in the medical aid stations. It is 
recommended that these medications be tightly controlled 
and kept to a minimum if dispensed at all. 


E In longer events, it is not uncommon for athletes to carry 
and take their own medication during the competition. This 
must be anticipated to best treat the competitor and prevent 
overprescribing. 


E The availability of urgent or emergency medication, such as 
aspirin, epinephrine autoinjector, albuterol metered-dose in- 
haler, glucose, and ACLS medications, should be considered. 


Laboratory Plan 


E Medical aid stations may or may not have basic laboratory 
capability. The ability to assess an athletes’ blood glucose and 
sodium levels will assist with their rapid evaluation and allow 
for the appropriate treatment of a collapsed athlete (6,11). 


E Hand-held glucose and electrolyte monitors are readily 
available and have become part of the standard medical kit 
for many endurance events (21). 


Communication Plan 


E It is vital that medical support assets have the ability to com- 
municate with each other, EMS assets, local hospitals, and 
the event director before, during, and after the competition. 


E Various communication networks have been used to include 
cellular phones, computer networks, ham radio, and hand- 
held radios. These systems should be tested well before the 
event, and a backup plan should be established in the case of 
failure of the primary means of communication. 


E A communication plan outlining how EMS will be requested 
and dispatched, where injured athletes will be taken, and 
when to contact the medical director will increase the effi- 
ciency of the medical care provided. 





MEDICAL CHAIN OF COMMAND 





E An individual must be identified to serve as the medi- 
cal director. His or her responsibilities include advanced 
planning, event day medical decision making, and medical 
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troubleshooting. The medical support staff, event director, 
and media all benefit from having one identified contact, 
rather than a committee, to answer all medical issues. 


E Itis also recommended that each aid station have an assigned 
medical leader well versed in the event medical philosophy. 
This medical leader can organize the support staff and coor- 
dinate medical care provided locally. 





MEDICAL TRAINING 





Medical Staff 


E It is common that the medical support for mass participa- 
tion events is gathered from diverse backgrounds and expe- 
rience levels. Most are better versed in medical care within a 
clinical or hospital facility than in the field environment. 


E The medical plan, chain of command, and level of care pro- 
vided must be reviewed with the medical staff. It is helpful 
although not always practical to provide a didactic session 
prior to race day. 

E Triage and treatment guidelines specific for the event 
provided in writing are useful, as well as administration in- 
formation to include the course map; parking; proximity to 
water, food, and facility stations; communication; and trans- 
portation plans (16). 


Competitors 


E Preevent and on-site education may reduce injury risk and 
improve event safety (2). This is most easily provided with 
the race information and can be coordinated through the 
event director. Additions to event Web sites, handouts to ac- 
company the race packet pick-up, and information posters 
displayed in common areas are several examples. 

E Common medical conditions and their prevention, location 
of medical aid stations on the course, and available services 
at these areas assist the participants in their planning and 
preparation for a safe event. 


E Medical presentations to the athletes and interest groups are 
often well received. 

E Race-day information regarding weather conditions and 
health warnings has been used with success at numerous 
events (4). 


STAFFING 





Medical and Nonmedical Support 


E The appropriate staffing of medical treatment areas with 
both medical and nonmedical staff is important in the safe 
conduct of the medical aid station. The composition and 
number of this staff will vary depending on the location and 
nature of the event. 


94 


SECTION iI 


The number of staff can be best derived from previous expe- 
rience or through comparison with similar events in similar 
conditions. A helpful guide from the American College of 
Sports Medicine® (3) is to provide the following medical per- 
sonnel per 1,000 runners: 1 or 2 physicians, 4—6 podiatrists, 1—4 
emergency medical technicians, 2—4 nurses, 3—6 physical ther- 
apists, 3—6 athletic trainers, and 1-3 assistants. Approximately 
75% of these personnel should be stationed at the finish area. 

Nonmedical staff can assist with the transport of injured 
athletes, documentation, and medical tracking, and provide 
information within the medical aid station and to event staff. 


Staff Feedback 


After the event, it is most important to elicit feedback from 
both medical and nonmedical staff. This often identifies 
areas that had not been considered in the initial planning 
and execution phases of the event. 


The follow-up of these comments in a written after-action 
report is highly recommended because it allows the docu- 
mentation of areas of concern, develops solutions, and pre- 
pares for subsequent events. 





TRIAGE AND TREATMENT GUIDELINES 





The majority of the medical conditions presenting at a given 
event can be predicted well in advance. Preparing, training, 
and practicing for these conditions are important in the 
evaluation, treatment, and disposition of injured participants. 


Severe Versus Nonsevere 


The initial evaluation of an athlete in the medical aid station 
should focus on the severity of their injury (10). Fortunately, 
most complaints are nonsevere in nature and can be quickly 
treated and released. 

Severe medical conditions include cardiac events, hypother- 
mia, hyperthermia, hyponatremia, near-drowning, and head 
and neck trauma. These can be quickly differentiated from 
nonsevere conditions by the evaluation of mental status, rec- 
tal temperature (19), blood pressure, and pulse. Serum glu- 
cose and sodium levels may also aid in the diagnosis. 


Depending on the medical care plan of the event, some of 
these severe conditions may be treated at the medical aid sta- 
tion or transported via EMS to the most appropriate medical 
treatment facility. 


Medical Versus Musculoskeletal 


Medical conditions, such as exercise-associated collapse, heat 
stroke, chest pain, and hyponatremia, can be triaged from mus- 
cle cramps, blisters, and extremity pain in the treatment areas. 


This separation of care allows the assignment and prepara- 
tion of support staff in the area of care for which they are 
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most experienced. This also allows those with more severe 
conditions to be treated in the same area where they can be 
more closely monitored. 

The establishment of a medical holding area has proven 
successful (16). This area is reserved for athletes who are 
waiting for transportation for nonsevere conditions or who 
are not prepared to leave the medical area, but do not require 
further care. This group is continuously observed and 
encouraged to make their way back to the after-event areas. 


Evaluation of Exercise-Associated Collapse 


The majority of cases of exercise-associated collapse are 
the result of predictable physiologic events associated with 
exertion and respond rapidly to positioning with the head 
down and legs and pelvis in an elevated position (10). These 
athletes generally have normal mental status. 


Individuals with altered mental status should be rapidly 
evaluated with a rectal temperature for hyperthermia or hy- 
pothermia (1). Persistent altered mental status with relatively 
normal rectal temperatures should be treated as suspected 
hyponatremia until proven otherwise (10). 

Hyperthermic individuals should be rapidly cooled on-site, 
preferably with ice water immersion (10,15). 





FINANCE AND LOGISTICS 





Financial Planning 


The conduct of mass participation events both requires 
and has the potential to generate money. Medical directors 
must ensure that the safety of the participants and the support 
staff is not compromised by decisions to increase revenue for 
the event. The medical director must be involved in any plans 
affecting the event that may have medical implications. 
Planning for the costs of medical supplies, transportation, 
and personnel compensation must be made and agreed on 
early in the event-planning process. 


Medical Aid Station Location 


The spacing of medical aid stations throughout the course 
is determined by many variables. The course must be pre- 
viewed and the location of medical aid stations established 
based on anticipated need, appropriate location, and course- 
specific considerations (4). 

Medical aid stations must be easily identifiable to competi- 
tors and EMS units. 

Medical evacuation routes must be established to avoid con- 
flict with the event in progress and ensure the most efficient 
transport requirements. 

Adequate (unlimited) fluid must be available at all aid stations 
and at the finish. Runners should also be educated regarding 
the risk of hyponatremia associated with overhydration. 


Transportation Plan 


It is not unusual for participants to decide that a medical 
treatment area is a good place to end their participation in 
the event. If this decision is realized in the middle of the 
course, a plan for the removal of these athletes must be used. 


Many races have a “sweep” vehicle that follows the last com- 
petitor and can transport these participants to the finish area. 
Other transport arrangements may be available depending 
on the nature of the event but must be anticipated prior to 
the event. 





MEDICAL-LEGAL 





An additional responsibility of the medical director is the as- 
surance of medical staff liability coverage (18). 

General event insurance packages usually exclude medical 
coverage (7). 

Options for medical liability coverage should be discussed 
with legal representation in advance of the event and include 
individual or group policies and Good Samaritan laws. 


CONCLUDING COMMONSENSE 
PRINCIPLES 





Medical planning and preparation are absolute requirements 
for the successful conduct of mass participation events. 
Following established medical plans and treatment guide- 
lines and remembering limitations with a focus on competi- 
tor and staff safety invariably result in a fulfilling experience 
for everyone involved. 





REFERENCES 





1. American College of Sports Medicine. Exertional heat illness during 


training and competition: a position stand. Med Sci Sports Exerc. 2007; 
39(3):556-72. 


. American College of Sports Medicine. Mass participation event ma- 


nagement for the team physician: a consensus statement. Med Sci Sports 
Exerc. 2004;36(11):2004-8. 


10. 


11. 


12. 


13. 


14. 


15 


16. 


TZ 


18. 


19. 


20. 


21. 


22. 


CHAPTER 15 Mass Participation Events 95 


. Armstrong LE, Epstein Y, Greenleaf JE, et al. American College of Sports 


Medicine position stand. Heat and cold illnesses during distance run- 
ning. Med Sci Sports Exerc. 1996;28(12):i—x. 


. Cianca JC, Roberts WO, Horn D. Distance running: organization of 


the medical team. In: O’Connor FG, Wilder RP, editors. Textbook of 
Running Medicine. New York: McGraw-Hill; 2001. p. 489-503. 


. Courson R. Preventing sudden death on the athletic field: the emer- 


gency action plan. Curr Sports Med Rep. 2007;6(2):93—100. 


. Davis DP, Videen JS, Marino A, et al. Exercise associated hyponatre- 


mia in marathon runners: a two-year experience. J Emerg Med. 2001; 
21(1):47-57. 


. Dooley JW. Professional liability coverage (medical malpractice). Road 


Race Manage. 1999;Oct 3. 


. Greenland K. Medical support for adventure racing. Emerg Med Austra- 


las. 2004316(5—6):465-8. 


. Hiller WD, O’Toole ML, Fortess EE, Laird RH, Imbert PC, Sisk TD. 


Medical and physiologic considerations in triathlons. Am J Sports Med. 
1987315(2):164-7. 

Holtzhausen LM, Noakes TD. Collapsed ultraendurance athlete: pro- 
posed mechanisms and an approach to management. Clin J Sport Med. 
199737(4):292-301. 

Jaworski CA. Medical concerns of marathons. Curr Sports Med Rep. 
2005;4(3):137-43. 

Laird RH. Medical care at ultraendurance triathlons. Med Sci Sports 
Exerc. 1989;21(5 Suppl):S222-5. 

Maron BJ, Poliac LC, Roberts WO. Risk for sudden cardiac death asso- 
ciated with marathon running. J Am Coll Cardiol. 1996;28(2):428-31. 
Martinez JM. Medical coverage of cycling events. Curr Sports Med Rep. 
2006;5(3):125-30. 


. Mayers LB, Noakes TD. A guideline to treating ironman triathletes at 


the finish line. Phys Sportsmed. 2000;28(8):33-50. 

O’Connor FG, Pyne SW, Brennan FH, Adirim TA. Exercise-associated 
collapse: an algorithmic approach to race day management part I of II. 
Am J Med Sports. 2003;5:221-7, 229. 

Roberts WO. Determining a “do not start” temperature for a marathon 
on the basis of adverse outcomes. Med Sci Sports Exerc. 20103;42(2): 
226-32. 

Roberts WO. Administration and medical management of mass par- 
ticipation endurance events. In: Mellion MB, Walsh WM, Madden C, 
Putukian M, Shelton GL, editors. Team Physician’s Handbook. Philadel- 
phia: Hanley & Belfus; 2002. p. 748-56. 

Roberts WO. Assessing core temperature in collapsed athletes: what’s 
the best method? Phys Sportsmed. 2000;28(9):71-6. 

Roberts WO. Exercise-associated collapse in endurance events. A clas- 
sification system. Phys Sportsmed. 1989;17:49-57. 

Speedy DB, Noakes TD, Holtzhausen LM. Exercise-associated collapse. 
Phys Sportsmed. 2003;31(3):23-9. 

Young CC. Extreme sports: injuries and medical coverage. Curr Sports 
Med Rep. 2002;1(5):306-11. 








Barry P. Boden 





INTRODUCTION 





E In the United States, approximately 10% of all brain injuries 
and 7% of all new cases of paraplegia and quadriplegia are 
related to athletic activities (15). 

E Information on catastrophic injuries in athletes is collected 
by the National Center for Catastrophic Sports Injury Re- 
search (NCCSIR), the U.S. Consumer Product Safety Com- 
mission (CPSC), and the professional league data registries. 

E The NCCSIR defines catastrophic sports injury as “any se- 
vere spinal, spinal cord, or cerebral injury incurred during 
participation in a school- or college-sponsored sport.” Con- 
cussions are not considered to be catastrophic injuries. 

E The NCCSIR classifies injuries as direct, resulting from 
participating in the skills of a sport (i.e., trauma from a col- 
lision), or indirect, resulting from systemic failure due to 
exertion while participating in a sport. 

E The NCCSIR subdivides catastrophic injuries into three 
categories: fatal, nonfatal, and serious. A nonfatal injury is 
any injury where the athlete suffered a permanent, severe, 
functional disability. A serious injury is a severe injury with 
no permanent functional disability (e.g., a fractured cervical 
vertebra without paralysis) (15). 

E The CPSC operates a statistically valid injury and review 
system known as the National Electronic Injury Surveillance 
System (NEISS) (26). The NEISS estimates are calculated us- 
ing data from a sample of hospitals that are representative 
of emergency departments in the United States. The CPSC 
does not provide data on injury specifics nor does it include 
information on injuries that initially presented to physician 
offices. 

E The National Collegiate Athletic Association (NCAA) and 
the National Federation of State High School Associations 
(NFHS) review injury epidemiology annually and publish a 
rules book for each sport with the intent of promoting safe 
play (17,18). 





EPIDEMIOLOGY 





E For all sports followed by the NCCSIR, the total direct and 
indirect incidence of catastrophic injuries is approximately 
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Catastrophic Sports Injuries 


1 per 100,000 high school athletes and 4 per 100,000 college 
athletes (16). 

The combined fatality rate for direct and indirect injuries in 
high school is 0.40 for every 100,000 high school athletes and 
1.42 for every 100,000 college participants (16). 

Football is associated with the greatest number of cata- 
strophic injuries for all major team sports. 

Pole vault, gymnastics, ice hockey, and football have 
the highest incidence of injury per 100,000 male partici- 
pants (16). 

Cheerleading is associated with the highest number of direct 
catastrophic injuries for all female sports (16). 





INDIRECT INJURIES 





Indirect or nontraumatic deaths in athletes have been iden- 
tified to be predominantly caused by cardiovascular condi- 
tions such as hypertrophic cardiomyopathy (HCM), cardiac 
artery anomalies, myocarditis, aortic stenosis, and dysrhyth- 
mias. The most common etiology of sudden cardiac death is 
HCM for those under age 35 and coronary artery disease for 
those over age 35. Noncardiac conditions that cause fatalities 
are heat illness and miscellaneous diagnoses such as rhab- 
domyolysis, status asthmaticus, and electrocution caused 
by lightning. 


Cardiac Conditions 


E Most young athletes who die suddenly have HCM. These 


athletes typically have prodromal symptoms such as presyn- 
cope or syncope with or without exercise prior to the fatal 
event. A systolic murmur is often appreciated only in the 
standing position or with a Valsalva maneuver. 

Congenital coronary artery anomalies are a frequent cause 
of sudden cardiac death. These athletes may or may not have 
symptoms of syncope or chest pain with exercise, making di- 
agnosis difficult. 


ŒE Athletes with aortic stenosis and mitral valve prolapse have 


abnormal auscultatory findings that should lead to the sus- 
pected diagnosis. 

The preparticipation physical is critical for detecting cardiac 
conditions that may be life threatening. 


Heat Illness 


Epidemiology 


Heat illness is the third most common cause of death in athletes. 


Risk factors for heat illness include obesity, fever, recent re- 
spiratory or gastrointestinal (GI) viral illness, sickle cell trait, 
stimulants, supplements such as ephedrine, illicit drugs, 
alcohol, sleep deprivation, sunburn, and underconditioned 
athletes (9). 

Heat illness usually occurs during unseasonable hot condi- 
tions at times of extreme exertion. A typical scenario is an 
obese football lineman wearing a football uniform and play- 
ing two-a-day practices during late summer tryouts in the 
Southeast United States. 


Clinical Features 


Heat cramps is a misnomer and should be termed exercise 
cramps. Muscle cramping is triggered by fatigue and can 
occur at any temperature. 


Heat syncope is associated with an abrupt loss of conscious- 
ness in a heat-exposed athlete whose core temperature is 
normal or mildly elevated. The condition often occurs to- 
ward the completion of exercise due to reduced cardiac re- 
turn and postural hypotension. Heat syncope usually occurs 
during the first few days of heat exposure before the body has 
been allowed to acclimatize. 


Heat exhaustion is defined as the inability to continue to 
exercise in the heat since the cardiovascular system fails to 
respond to workload. The condition occurs at core or rectal 
temperatures between 100.4°F and 104°F. Symptoms of heat 
exhaustion can include muscle cramping, mild confusion, 
headache, dizziness, chills, nausea, and often collapse. 


Heatstroke is exercise-associated collapse with thermoregu- 
latory failure and central nervous system dysfunction. Heat- 
stroke and mental status changes begin at temperatures in 
excess of 104°F. The athlete may or may not be sweating. The 
condition may result in a variety of life-threatening prob- 
lems, such as rhabdomyolysis, renal failure, disseminated 
intravascular coagulopathy, liver failure, and brain injury. 


The athlete with repeated heat illness requires a workup for a 
muscle enzyme deficiency. 


Diagnosis and Treatment 


A correct diagnosis is based on the history, physical exami- 
nation, core body temperature, and differential including 
hyponatremia and cardiac conditions. 


Treatment involves rapid cooling, moving to a cooler en- 
vironment, removing clothing, tepid water spray, fans, and 
ice to the neck, groin, and axilla. Hydration should include 
both oral intake and intravenous fluids. Rehydration with 
sports drinks containing electrolytes is preferred over water. 
Athletes with core temperatures greater than 104°F should 
be considered for cold water immersion. Emergency medi- 
cal services (EMS) should be contacted for athletes with heat 
exhaustion and heat stroke. 
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Prevention 


The incidence of heat illness can be significantly reduced 
by frequent hydration, acclimatization, identifying at-risk 
athletes, and monitoring daily weights, medication use, and 
status of recent illnesses. 





DIRECT INJURIES 





Football 


Epidemiology 


Football has the highest number of catastrophic head and neck 
injuries per year for all high school and college sports (16). 
From 1989 through 2002, the average number of quadriple- 
gic events for high school and college football players was six 
per year (5). 

From 1989 through 2002, there was an average of seven 
catastrophic head injuries per year for high school and col- 
lege football participants (6). The incidence is dramatically 
higher at the high school level than at the college level (6). 


Mechanisms 


Spearing or tackling a player with the top of the head has been 
identified as a major cause of permanent cervical quadriple- 
gia. When the neck is flexed 30 degrees, the cervical spine be- 
comes straight, and the forces are transmitted directly to the 
spinal structures. In 1976, spearing was banned, and the rate 
of catastrophic cervical injuries dramatically dropped (24,25). 
Cervical cord neurapraxia (CCN) is an acute, transient neu- 
rologic episode associated with sensory changes with or 
without motor weakness or complete paralysis in the arms, 
legs, or both (25). Complete recovery usually occurs within 
10-15 minutes but may take up to 2 days. The pincer mecha- 
nism involves cord compression either through hyperflexion 
or hyperextension of the neck. Axial compression may also 
cause CCN via shear forces on the cervical spine (5). 

An episode of CCN is not an absolute contraindication to 
return to football. It is unlikely that athletes who experience 
CCN are at risk for permanent neurologic sequelae with 
return to play. The overall risk of a recurrent CCN episode 
with return to football is approximately 50% and is cor- 
related with the canal diameter size. The smaller the canal 
diameter, the greater is the risk of recurrence. 

The majority of catastrophic head injuries are subdural he- 
matomas (6). Forty percent of players have been reported to 
be playing with residual neurologic symptoms from a prior 
head injury at the time of the catastrophic injury (6). 


Prevention 


Banning spear tackling and teaching players to play “heads 
up” ball with no contact on the top of the helmet have dra- 
matically reduced the incidence of permanent cervical quad- 
riplegia. A recent change in the spear tackling rule to include 
intentional and unintentional spear tackling may further 
reduce the incidence of this injury. 
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The development of a safety standard for the football helmet 
by the National Operating Committee on Standards for Ath- 
letic Equipment (NOCSAE) has also been a significant factor 
in reducing catastrophic head injuries. 

E Careful surveillance for concussions and referral to medical 
personnel before return to play have reduced the incidence of 
catastrophic head injuries. Younger athletes often have a pro- 
tracted recovery from concussion and may require delayed 
return to play compared to college and professional athletes. 

E Training medical personnel to understand on-field manage- 
ment of athletic head and neck injuries and guidelines for 
return to contact or collision sport after an injury will also 
help to reduce injuries. 


Pole Vaulting 


Epidemiology 

E Pole vaulting is a unique sport in that athletes often land from 
heights ranging from 10 to 20 ft. Prior to 2003, pole vaulting 
had one of the highest rates of direct, catastrophic injuries per 
100,000 participants for all sports monitored by the NCCSIR (4). 

E The vast majority of catastrophic pole vaulting injuries are 
head injuries in male athletes. The overall incidence of cata- 
strophic pole vault injuries is two per year, whereas the inci- 
dence of fatalities is one per year. Most injuries occurred at 
the high school level (4). 


Mechanisms 

E Three common mechanisms of injury have been described 
(4). The most common mechanism occurs when a pole vault- 
er lands with his body on the edge of the landing pad and his 
head whips off the pad, striking the surrounding hard sur- 
face (in most cases, either concrete or asphalt). The second 
most common mechanism occurs when the vaulter releases 
the pole prematurely or does not have enough momentum 
and lands in the vault or planting box. The third most com- 
mon mechanism occurs when the vaulter completely misses 
the pad and lands directly on the surrounding hard surface. 


Prevention 


E As of January 2003, both the NCAA and NFHS decided to 
increase the minimum pole vault landing pad size from 
16’ X 12' to 198” X 16'5". 

E Any hard or unyielding surfaces such as concrete, metal, 
wood, or asphalt around the landing pad must be padded or 
cushioned. 

E A new rule has been adopted placing the crossbar farther 
back over the landing pad. This should reduce the chance of 
an athlete landing in the vault or planting box. 


E A coach’s box or painted square in the middle of the land- 
ing pad is being promoted. This zone would help train ath- 
letes to instinctively land near the center of the landing pad. 
Other safety measures include marking the runway distances 
so athletes can better gauge their takeoff and prohibiting the 
practice of tapping or assisting the vaulter at takeoff. 
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ŒE Pole vaulting is a complicated sport requiring extensive 
training. Certification by coaches is encouraged. 

E The value of helmets in reducing head injuries in high school 
pole vaulters is controversial. Without conclusive data as 
to their protective effect, the use of helmets is optional for 
athletes at this time (22). 

E Since the rule change in 2003, the number of catastrophic 
pole vaulting injuries reported from athletes missing the 
sides or back of the landing pad has dramatically dropped, 
but vault box injuries remain a problem. 


Soccer 


Epidemiology 

E Injuries to the head, neck, and face in soccer account for be- 
tween 5% and 15% of all injuries. Most head and neck inju- 
ries occur when two players collide, especially when jumping 
to head the ball. 

E Direct fatalities in soccer are usually associated with either 
movable goalposts falling on a victim or player impact with 
the goalpost (11). The CPSC identified at least 21 deaths over 
a 16-year period associated with movable goalposts (26). 

E The incidence of concussions in college soccer athletes is 
approximately one per team per season (2). There is a 50% 
chance for a professional athlete to sustain a concussion over 
a 10-year span. Most concussions occur as a result of contact 
with an opposing player, not with the soccer ball. 

E There is no evidence that an isolated episode of heading a 
soccer ball can cause any head injury; however, there is con- 
troversy over whether repetitive soccer heading over a pro- 
longed career can lead to neuropsychological deficits. 


Prevention 

ŒE Children should never be allowed to climb on the net or goal 
framework. Soccer goalposts should be secured at all times. 
During the off-season, goals should be either disassembled 
or placed in a safe storage area. Goals should be moved only 
by trained personnel and should be used only on flat fields 
(26). The use of padded goalposts may also reduce the inci- 
dence of impact injuries with the goalposts (11). 

ŒE Children should use smaller soccer balls to reduce the risks 
of repetitive heading. Leather or water-soaked soccer balls 
should never be used. Proper heading techniques should be 
employed: contact on the forehead with the neck muscles 
contracted. Soccer players should be trained to hit the ball, 
not to be hit by the ball. 


Wrestling 
Epidemiology 


ŒE Indirect catastrophic wrestling injuries are often the result 
of rapid weight loss, which causes dehydration and potential 
cardiovascular compromise (13,19). 

E There are approximately two direct catastrophic wrestling in- 
juries per year at the high school and college levels (3). The 


direct catastrophic injury rate in high school and college wres- 
tlers is approximately 1 per 100,000 participants. The majority 
of injuries occur in match competitions, where intense, com- 
petitive situations place wrestlers at a higher risk (3,12,20). 
There is a trend toward more direct injuries in the low- and 
middle-weight classes. 


Cervical fractures or major cervical ligament injuries consti- 
tute the majority of direct catastrophic wrestling injuries (3). 


Mechanisms 


The position most frequently associated with injury is the 
defensive posture during the takedown maneuver, followed 
by the down position (kneeling) and the lying position (3). 
There is no clear predominance of any one type of takedown 
hold that contributes to wrestling injuries. 


The athlete is typically injured by one of three scenarios: (a) 
The wrestler’s arms are in a hold such that he or she is unable 
to keep from landing on his or her head when thrown to the 
mat. (b) The wrestler attempts a roll but is landed on by the full 
weight of his opponent, causing a twisting, usually hyperflex- 
ion, neck injury. (c) The wrestler lands on the top of his head, 
sustaining an axial compression force to the cervical spine. 


Prevention 


A minimum body fat for high school and college wrestlers 
has been established to reduce weight loss injuries. The 
NFHS also instituted a rule that competitors cannot lose 
more than 1.5% body weight per week. Both the NCAA and 
NFHS have banned the use of laxatives, diuretics, and other 
rapid weight loss techniques such as rubber suits. 


Referees should strictly enforce penalties for slams and gain 
more awareness of dangerous holds (3). There is particular 
vulnerability for the defensive wrestler who may be off bal- 
ance, have one or both arms held, and then have his oppo- 
nent land on top of him. Stringent penalties for intentional 
slams or throws are encouraged. The referee should have a 
low threshold of tolerance to stop the match during poten- 
tially dangerous situations. 

Coaches can prevent serious injuries by emphasizing safe, 
legal wrestling techniques. Coaches should teach wrestlers to 
keep their head up during any takedown maneuver to pre- 
vent axial compression injuries to the cervical spine. Proper 
rolling techniques, with avoidance of landing on the head, 
need to be emphasized in practice sessions. 


Cheerleading 


Epidemiology 


Over the past 20 years, cheerleading has evolved into an ac- 
tivity demanding high levels of skill, athleticism, and com- 
plex gymnastics maneuvers (1). 

In 2002, cheerleading was one of the four most popular orga- 
nized sports activities for women in high school. 
Cheerleaders in college and high school account for more 


than half of the catastrophic injuries that occur in female 
athletes (16). 
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There are approximately two direct catastrophic cheerlead- 
ing injuries per year. The catastrophic injury rate is 0.4 per 
100,000 in high school cheerleaders, 2 per 100,000 college par- 
ticipants, or an overall rate of 0.6 per 100,000 cheerleaders (8). 
In 2000, the CPSC estimated a total of 1,258 head injuries in 
cheerleaders, of which 604 were recorded as concussions and 
six as skull fractures. In the same year, there were 1,814 neck 
injuries with 76 fractures in cheerleaders that initially pre- 
sented to an emergency department in the United States (26). 


Compared with other sports, cheerleading has a low overall 
incidence of injuries but a high risk of catastrophic injuries. 


The majority of injuries occur in female athletes because 
there are more female than male cheerleaders and the wom- 
en are usually at the top of the pyramid or being thrown into 
the air during basket tosses. The majority of injuries occur 
during the winter months because cheerleaders perform on 
indoor hard surfaces. 


College athletes are five times more likely to sustain a cata- 
strophic injury than their high school counterparts due to the 
increased complexity of stunts at the college level (8). Cata- 
strophic head injuries are twice as common as cervical injuries. 


Mechanisms 


The most common stunts resulting in catastrophic injury are 
the pyramid or the basket toss (8). The cheerleader at the 
top of the pyramid is most frequently injured. A basket toss 
is a stunt where a cheerleader is thrown into the air, often 
between 6 and 20 ft, by either three or four tossers. Poor 
judgment or inadequate training of the spotter is often the 
main problem leading to injury. 

Less common mechanisms include advanced floor tumbling 
routines, participating on a wet surface, or performing a 
mount. The majority of injuries occur when an athlete lands 
on an indoor hard gym surface (8). 


Prevention 


Height restrictions on pyramids are limited to two levels in 
high school and 2.5 body lengths in college (17,18). The top 
cheerleaders are required to be supported by one or more 
individuals (base) who are in direct weight-bearing contact 
with the performing surface. The base cheerleaders must 
remain stationary and maintain constant contact with the 
suspended or top athlete. Spotters must be present for each 
person extended above shoulder level. The suspended person 
is not allowed to be inverted (head below horizontal) or to 
rotate on the dismount. Limiting the total number of cheer- 
leaders in a pyramid as well as the quick transitions between 
pyramids and other complex stunts may also help reduce 
injuries. 

Basket toss rules limit the stunt to four tossers, starting the 
toss from the ground level (no flips) and having one of 
the tossers behind the top person during the toss (17,18). 
The top person (flyer) is trained to be directed vertically and 
not allow the head to drop backward out of alignment with 
the torso or below a horizontal plane with the body. Other 
safety measures that may reduce the incidence of basket toss 
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injuries include evaluating the height thrown, using manda- 
tory landing mats for complex stunts, and improving the 
skills of the spotters. 

ŒE All stunts should be restricted when wet conditions are present. 

E Injuries from floor tumbling routines can be prevented by 
proper supervision, progression to complex tumbling only 
when simple maneuvers are mastered, and using spotters as 
necessary. 

E Mini trampolines, springboards, and any apparatus used to 
propel a participant have been prohibited since the late 1980s. 

E A landing mat should be employed during all complex stunts. 

E Cheerleading coaches need to place equal time and attention 
on the technique and attentiveness of spotters in practice 
compared with the athletes performing the stunts. 


™ Coaches are encouraged to complete a safety certification, 
especially for any teams that perform pyramids, basket tosses, 
and/or tumbling. 

E Pyramids and basket tosses should be limited to experienced 
cheerleaders who have mastered all other skills and should 
not be performed without qualified spotters or landing mats. 


Baseball 
Epidemiology 


ŒE Baseball has a low rate of noncatastrophic injuries but a high 
incidence of catastrophic injuries. 

Head injuries constitute the majority of catastrophic injuries. 

E There are approximately two direct catastrophic injuries re- 
ported to the NCCSIR per year or 0.6 injuries per 100,000 
participants (16). The total incidence of catastrophic injuries 
and fatalities is 5 and 13 times higher, respectively, at the 
college level than at the high school level (7). 


Mechanisms 

E The most common mechanism is a pitcher hit by a batted 
ball, followed by a collision of two fielders and a collision of 
a runner and a fielder (7). An area of controversy in baseball 
is the safety of aluminum or enhanced bats. Nonwood bats 
are typically lighter than woods bats and can be swung faster 
with greater ball velocity off the bat. 


E Commotio cordis is arrhythmia or sudden death from low- 
impact blunt trauma to the chest in subjects with no preex- 
isting cardiac disease (10,14). The proposed mechanism is 
impact just prior to the peak of the T wave on an electrocar- 
diogram, which induces ventricular fibrillation. The pediat- 
ric population may be more susceptible because of a thinner 
layer of soft tissue to the chest wall, increased compliance of 
the immature rib cage, and slower protective reflexes. 


Prevention 

E Protecting pitchers from a batted ball may be accomplished 
by requiring pitchers to wear helmets, using protective screens 
during batting practice, and regulating the bat and ball (7). 


E In 2003, the NCAA and NFHS placed new regulations on 
bats. All bats must be certified as having a ball exit speed that 
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cannot exceed 97 miles per hour as measured by the Baum 
hitting machine. In addition, certified bats may not weigh 
more than 3 oz less than the length of the bat (e.g., a 34-in. 
long bat cannot weigh less than 31 oz) (18). 

E Decreasing the balls hardness and weight may significantly 
reduce injury severity. The coefficient of restitution or the 
measure of rebound that a ball has off a hard surface cannot 
exceed 0.555 at the high school and college levels. 

E Preventive strategies for commotio cordis include teaching 
youth baseball players to turn their chest away from a batted 
ball. The use of chest protectors is controversial. Automatic 
external defibrillators hold promise for preventing fatalities 
but require further research (10,14). 


Ice Hockey 


Epidemiology 

E Although the number of catastrophic injuries in ice hockey 
is low compared with other sports, the incidence per 100,000 
participants is high (16). 


E The majority of catastrophic injuries occur to the cervical spine. 


Mechanisms 


E Most injuries occur when an athlete is struck from behind 
by an opponent and contacts another object, especially the 
boards, with the crown of the head (21,23). 

E Head and facial injuries are common from collisions or being 
hit by the puck or stick. 


Œ Catastrophic accidents from collisions with goalposts were 
common before the advent of displaceable goalposts. 


Prevention 

E Enforce current rules against pushing or checking from behind. 

E Encourage the use of helmets and face masks. 

E Padding the boards and developing a potential space be- 
tween the boards and the Plexiglass extension may reduce 
the frequency and severity of head and neck injuries. 

E Ensure that the goals can slide out of position to protect 
athletes from colliding against an immovable object. 


E Discourage aggression and fighting in hockey. 


Swimming 


Mechanisms 

E Most catastrophic swimming injuries are related to the rac- 
ing dive into the shallow end of pools (16). 

E Hyperventilating just prior to swimming can rid the body of 
carbon dioxide. This fools the brain into thinking it doesn’t 
need to breathe, even when its oxygen stores are dangerously 
low, which may lead to loss of consciousness and drowning. 


Prevention 

E At the high school level, swimmers must start the race in the 
water if the water depth at the starting end is less than 3.5 ft. If 
the water depth is 3.5 ft to less than 4 ft at the starting end, the 


swimmer may start from the deck or in the water. If the water 
depth at the starting end is 4 ft or more, the swimmer may 
start from a platform up to 30 in. above the water surface (18). 
The NFHS mandates that swimmers break the surface of 
water to breathe at or before 15 m to prevent shallow water 
blackout. 


Rugby 


Mechanisms 


Cervical spine injuries occur most frequently during a scrum, 
when the opposing sides of tightly bound players come forc- 
ibly together (engagement) (27). 

The hooker or central player on the front row of the scrum 
suffers the most injuries. If engagement does not occur prop- 
erly or the hooker employs the top of the head as a weapon 
with the neck flexed during contact, an axial compression 
injury with quadriplegia may result (27). 


Prevention 


Preventative methods include avoiding a mismatch in physi- 
cal size of the hookers, not allowing unskilled players to par- 
ticipate on the front row, and restricting tackling with the top 
of the head. 

Sequential engagement or having the front rows engage 
separately from the pack is encouraged. A new international 
rugby rule in 2007 requires a “crouch, touch, pause, and 
engage” maneuver during the scrum. Front row players are 
not allowed to be more than an arm’s length away from the 
opponent before engagement. 


Gymnastics 


Most injuries are associated with a missed vault, a fall from 
the parallel bars or horizontal bar, or a faulty dismount (16). 





GENERAL PREVENTION TIPS 





Preparticipation physicals 

Qualified coaches 

Proper strength and conditioning programs 
Supervision of athletes at all times 

EMS protocols in place at all times 


Continued research concerning catastrophic injuries and 
methods to prevent these injuries 
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Examination 


Robert E. Sallis and Christopher C. Bell 


INTRODUCTION 





It is estimated that approximately 10-15 million or more 
athletes from grade school to college require preparticipa- 
tion examinations (PPEs) annually in the United States (20). 
No defined national standard exists for PPEs, and each state 
has different laws and statutes regarding them. 





GOALS 





Ensure that athletes of all ages and skill levels are able to 
safely compete. 

Detect any condition, medical or musculoskeletal, that may 
limit an athlete’s participation or require treatment, rehabili- 
tation, or adequate control prior to participation. 

Detect any condition that may predispose an athlete to injury 
or lead to sudden death during competition. 

Meet legal or insurance requirements (49 of 50 states require 
yearly examinations). 

Determine general health of the athlete. 

Assess fitness level for specific sports. 

Counsel on lifestyle issues and high-risk behaviors. 

Answer health-related questions, and update vaccines. 





QUALIFIED PROVIDERS 





It is recommended by the American Heart Association (AHA) 
that providers who perform screening PPEs have adequate med- 
ical training, particularly in cardiovascular auscultation (25). 
Currently, however, 18 states still allow chiropractors and 
naturopathic practitioners to screen athletes (25). 





FORMAT 





Private office with primary care provider 
E Advantages: privacy, controlled environment, better con- 
tinuity of care, and easier to perform counseling. 
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E Disadvantages: higher cost, less communication with 
school athletic staff, and potential for providers who have 
insufficient knowledge and skills necessary for a complete 
and appropriate evaluation. 

E Group examination (usually done as a station-based exami- 
nation) 

E Advantages: more cost effective, more time efficient, 
usually done at school with athletic staff present. 

E Disadvantages: lack of privacy, loud and chaotic environ- 
ment thereby impairing proper cardiac auscultation, and 
poor follow-up. 





FREQUENCY AND TIMING OF 
EXAMINATION 





E Most states require an examination to be done yearly for 
high school-aged and younger athletes. However, a compre- 
hensive exam every 2 years with yearly updates as needed is 
recommended by the AHA. 

E The National Collegiate Athletic Association (NCAA) re- 
quires an initial complete PPE prior to participation in in- 
tercollegiate athletics, with interim annual updates of the 
athlete’s history. Further PPEs are not deemed necessary un- 
less indicated by the updated history (28). 

E Optimal timing for the examination is at least 6 weeks before 
the season starts to allow sufficient time for further evalua- 
tion, treatment, and/or rehabilitation of any problems that 
may be uncovered. 


CONTENT 





E Because the stress of sports and exercise falls primarily on 
the cardiovascular and musculoskeletal systems, these areas 
are essential for assessment as part of the PPE. This evalu- 
ation should begin with a thorough history, followed by a 
focused physical examination. 

H Close attention should also be paid to the neurologic history 
to specifically address concussions, stingers, and other neu- 
rologic issues. 
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E In 1992, representatives from several national physician 
groups assembled to develop a comprehensive PPE tool for 
use among providers who perform athletic screening. Since 
then, there have been periodic updates. 

E Preparticipation Physical Examination, 4th Edition (PPE 
Monograph), is the most recent iteration of this work, 
which has been established through the collaboration 
of the American College of Sports Medicine®, Ameri- 
can Academy of Family Physicians (AAFP), American 
Academy of Pediatrics (AAP), American Medical Society 
for Sports Medicine (AMSSM), American Orthopaedic 
Society for Sports Medicine (AOSSM), and American 
Osteopathic Academy of Sports (AOASM). It can be 
found at http://www.ppesportsevaluation.org (1). 

E Itis recommended that all providers use this monograph 
as the primary template for the PPE. 





MEDICAL HISTORY 





E A thorough personal and family medical history has been 
shown to identify up to 75% of all medical problems affect- 
ing athletes (17). 

E The easiest method for obtaining an athlete’s history is to 
use a preprinted questionnaire (such as the one available 
in the PPE monograph) that the parent(s) of the athlete 
completes prior to the examination (Fig. 17.1). The his- 
tory portion of these forms is best filled out by the parents 
and the athlete together, because the athlete may not be 
fully aware of his or her complete personal and/or family 
history. 

E Key questions include asking about any major preexisting 
medical problems or injuries; if the athlete is taking any 
medicines or supplements; if the athlete has any significant 
environmental and/or medication allergies; and about the 
athlete’s current state of health. 

E Assess for cardiovascular risk: 

E Because most sudden death episodes in sports are due to 
cardiovascular causes, thorough cardiovascular screening 
is extremely important. 

E The relative risk for sudden cardiac death (SCD) has 
been found to be 2.5 times higher in athletes than in the 
general population (11). 

E The AHA has recommended eight history questions as 
the initial screening for cardiovascular risk. 

E The PPE Monograph uses those questions (see Fig. 17.1). 

E Positive answers to critical history questions such as 
“Have you ever passed out or nearly passed out DURING 
or AFTER exercise?” and “Have you ever had discomfort, 
pain, tightness, or pressure in your chest during exer- 
cise?” (Questions 5 and 6) may signal the presence of a 
structural heart problem. 

E It is also important to assess for family history of early 
unexplained death, cardiovascular abnormalities, or 


concerning signs and symptoms that may allude to 

possible undiagnosed cardiac abnormalities in family 

members. 

Assess for symptoms of exercise-induced bronchospasm (EIB): 

E Symptoms include coughing, wheezing, and/or chest 
tightness during or immediately after exercise, especially 
in those with a personal or family history of allergic rhi- 
nitis, eczema, or asthma. 

E Improvement of symptoms after using an inhaled bron- 
chodilator is highly suggestive. 

Assess for concussion history: 

E Itis important to ask about the symptoms of concussion 
because most who have had one may not have sought 
medical attention and been diagnosed. 

E Common symptoms include headache, nausea, dizzi- 
ness, blurred vision, getting “dinged” or your “bell rung,” 
fatigue, either hypersomnolence or insomnia, retrograde 
amnesia, emotional lability, inability to concentrate in 
school or with homework, irritability, confusion, “not 
feeling right,” and “feeling like in a fog” (33,35). 

1 If the patient can recall one or more of these symp- 
toms in association with an impact to the head or 
body (possibly denoting a contrecoup injury), then he 
or she likely had a concussion. 

Assess for history of repeated “stingers” and/or “burners,” 

which are symptoms of numbness and/or pain radiating 

down an arm after a blow to the head, neck, or ipsilateral 

shoulder; if present, they may indicate cervical stenosis or a 

similar condition. 

Screen females for signs and symptoms related to the “female 

athlete triad” (disordered eating, menstrual irregularities, 

history of stress fractures). 





PHYSICAL EXAMINATION 





Cardiovascular Assessment 


Cardiac auscultation should be done both standing and 
supine. 

Benign systolic murmurs are common in athletes. If a mur- 
mur is grade II or louder, or diastolic, further evaluation is 
recommended. 


The murmur associated with hypertrophic cardiomyopathy 
(HCM) is best heard while upright and may disappear with 
supine position as well as squatting. 

If there is a potentially concerning murmur, having the 
patient perform a Valsalva maneuver can provide ad- 
ditional information. Typically, Valsalva will accentuate 
murmurs due to outflow obstruction abnormalities such 
as HCM. 

Twenty-five percent of patients with HCM with left ven- 
tricular outflow obstruction have a murmur on physical 
exam (18). 
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E PREPARTICIPATION PHYSICAL EVALUATION 


HISTORY FORM 


(Note: This form is to be filled out by the patient and parent prior to seeing the physician. The physician should keep this form in the chart.) 


Date of Exam 





Name 


Date of birth 





Sex Age Grade School 








Sport(s) 








Medicines and Allergies: Please list all of the prescription and over-the-counter medicines and supplements (herbal and nutritional) that you are currently taking 




















Do you have any allergies? O Yes O No If yes, please identify specific all 
O Medicines Pollens 























ergy below. 
O Food O Stinging Insects 








Explain “Yes” answers below. Circle questions you don’t know the answers to. 





GENERAL QUESTIONS Yes No 


MEDICAL QUESTIONS 


Yes 








1. Has a doctor ever denied or restricted your participation in sports for 
any reason? 


26. Do you cough, wheeze, or have difficulty breathing during or 
after exercise? 








2. Do you have any ongoing medical conditions? If so, please identify 
below: O Asthma Anemia Diabetes [£ Infections 
Other: 





























27. Have you ever used an inhaler or taken asthma medicine? 





28. Is there anyone in your family who has asthma? 














3. Have you ever spent the night in the hospital? 


29. Were you born without or are you missing a kidney, an eye, a testicle 
(males), your spleen, or any other organ? 





4. Have you ever had surgery? 


30. Do you have groin pain or a painful bulge or hernia in the groin area? 





HEART HEALTH QUESTIONS ABOUT YOU Yes | No 


31. Have you had infectious mononucleosis (mono) within the last month? 





5. Have you ever passed out or nearly passed out DURING or 
AFTER exercise? 


32. Do you have any rashes, pressure sores, or other skin problems? 








6. Have you ever had discomfort, pain, tightness, or pressure in your 
chest during exercise? 


33. Have you had a herpes or MRSA skin infection? 





34. Have you ever had a head injury or concussion? 








7. Does your heart ever race or skip beats (irregular beats) during exercise? 





8. Has a doctor ever told you that you have any heart problems? If so, 
check all that apply: 












































35. Have you ever had a hit or blow to the head that caused confusion, 
prolonged headache, or memory problems? 





36. Do you have a history of seizure disorder? 





37. Do you have headaches with exercise? 





38. Have you ever had numbness, tingling, or weakness in your arms or 
legs after being hit or falling? 











High blood pressure A heart murmur 
High cholesterol A heart infection 
Kawasaki disease Other: 
9. Has a doctor ever ordered a test for your heart? (For example, ECG/EKG, 
echocardiogram) 


39. Have you ever been unable to move your arms or legs after being hit 
or falling? 








10. Do you get lightheaded or feel more short of breath than expected 
during exercise? 


40. Have you ever become ill while exercising in the heat? 





41. Do you get frequent muscle cramps when exercising? 





11. Have you ever had an unexplained seizure? 





12. Do you get more tired or short of breath more quickly than your friends 
during exercise? 


42. Do you or someone in your family have sickle cell trait or disease? 





43. Have you had any problems with your eyes or vision? 








HEART HEALTH QUESTIONS ABOUT YOUR FAMILY Yes No 


44. Have you had any eye injuries? 








13. Has any family member or relative died of heart problems or had an 
unexpected or unexplained sudden death before age 50 (including 
drowning, unexplained car accident, or sudden infant death syndrome)? 


45. Do you wear glasses or contact lenses? 





46. Do you wear protective eyewear, such as goggles or a face shield? 





47. Do you worry about your weight? 








14. Does anyone in your family have hypertrophic cardiomyopathy, Marfan 
syndrome, arrhythmogenic right ventricular cardiomyopathy, long QT 
syndrome, short QT syndrome, Brugada syndrome, or catecholaminergic 
polymorphic ventricular tachycardia? 


48. Are you trying to or has anyone recommended that you gain or 
lose weight? 





49. Are you on a special diet or do you avoid certain types of foods? 








15. Does anyone in your family have a heart problem, pacemaker, or 
implanted defibrillator? 


50. Have you ever had an eating disorder? 





51. Do you have any concerns that you would like to discuss with a doctor? 








16. Has anyone in your family had unexplained fainting, unexplained 
seizures, or near drowning? 


FEMALES ONLY 





52. Have you ever had a menstrual period? 








BONE AND JOINT QUESTIONS Yes No 


53. How old were you when you had your first menstrual period? 





17. Have you ever had an injury to a bone, muscle, ligament, or tendon 
that caused you to miss a practice or a game? 





54. How many periods have you had in the last 12 months? 











18. Have you ever had any broken or fractured bones or dislocated joints? 





19. Have you ever had an injury that required x-rays, MRI, CT scan, 
injections, therapy, a brace, a cast, or crutches? 


Explain “yes” answers here 











20. Have you ever had a stress fracture? 








21. Have you ever been told that you have or have you had an x-ray for neck 
instability or atlantoaxial instability? (Down syndrome or dwarfism) 














22. Do you regularly use a brace, orthotics, or other assistive device? 








23. Do you have a bone, muscle, or joint injury that bothers you? 








24. Do any of your joints become painful, swollen, feel warm, or look red? 








25. Do you have any history of juvenile arthritis or connective tissue disease? 




















I hereby state that, to the best of my knowledge, my answers to the above questions are complete and correct. 


Signature of athlete Signature of parent/guardian 





Date 
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E PREPARTICIPATION PHYSICAL EVALUATION 


CHAPTER 17 


THE ATHLETE WITH SPECIAL NEEDS: 


SUPPLEMENTAL HISTORY FORM 


Date of Exam 


The Preparticipation Physical Examination 





Name 


Date of birth 





Sex Age 


Grade School 





Sport(s) 








. Type of disability 





. Date of disability 





. Classification (if available) 





. Cause of disability (birth, disease, accident/trauma, other) 





ale] wlrm]a 


. List the sports you are interested in playing 





Yes 





. Do you regularly use a brace, assistive device, or prosthetic? 








6 
7. Do you use any special brace or assistive device for sports? 
8. Do you have any rashes, pressure sores, or any other skin problems? 





9. Do you have a hearing loss? Do you use a hearing aid? 





10. Do you have a visual impairment? 








11. Do you use any special devices for bowel or bladder function? 





12. Do you have burning or discomfort when urinating? 





13. Have you had autonomic dysreflexia? 





14. Have you ever been diagnosed with a heat-related (hyperthermia) or cold-related (hypothermia) illness? 





15. Do you have muscle spasticity? 











16. Do you have frequent seizures that cannot be controlled by medication? 














Explain “yes” answers here 

















Please indicate if you have ever had any of the following. 





Yes 





Atlantoaxial instability 





X-ray evaluation for atlantoaxial instability 





Dislocated joints (more than one) 





Easy bleeding 





Enlarged spleen 





Hepatitis 





Osteopenia or osteoporosis 





Difficulty controlling bowel 





Difficulty controlling bladder 





Numbness or tingling in arms or hands 





Numbness or tingling in legs or feet 





Weakness in arms or hands 





Weakness in legs or feet 





Recent change in coordination 





Recent change in ability to walk 





Spina bifida 








Latex allergy 














Explain “yes” answers here 

















I hereby state that, to the best of my knowledge, my answers to the above questions are complete and correct. 


Signature of athlete 





Signature of parent/guardian 


Date 
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E PREPARTICIPATION PHYSICAL EVALUATION 
PHYSICAL EXAMINATION FORM 


Name Date of birth 
PHYSICIAN REMINDERS 
1 


. Consider additional questions on more sensitive issues 
© Do you feel stressed out or under a lot of pressure? 
Do you ever feel sad, hopeless, depressed, or anxious? 
Do you feel safe at your home or residence? 
Have you ever tried cigarettes, chewing tobacco, snuff, or dip? 
During the past 30 days, did you use chewing tobacco, snuff, or dip? 
Do you drink alcohol or use any other drugs? 
Have you ever taken anabolic steroids or used any other performance supplement? 
Have you ever taken any supplements to help you gain or lose weight or improve your performance? 
Do you wear a seat belt, use a helmet, and use condoms? 
2. Consider reviewing questions on cardiovascular symptoms (questions 5-14). 











EXAMINATION 

Height Weight Male Female 

BP / ( / ) Pulse Vision R 20/ L 20/ Corrected Y N 
MEDICAL NORMAL ABNORMAL FINDINGS 


Appearance 

e Marfan stigmata (kyphoscoliosis, high-arched palate, pectus excavatum, arachnodactyly, 
arm span > height, hyperlaxity, myopia, MVP, aortic insufficiency) 

Eyes/ears/nose/throat 

e Pupils equal 

e Hearing 

Lymph nodes 


Heart? 
e Murmurs (auscultation standing, supine, +/- Valsalva) 
e Location of point of maximal impulse (PMI) 


Pulses 
e Simultaneous femoral and radial pulses 


Lungs 

Abdomen 

Genitourinary (males only)? 
Skin 

e HSV, lesions suggestive of MRSA, tinea corporis 
Neurologic © 
MUSCULOSKELETAL 
Neck 

Back 

Shoulder/arm 
Elbow/forearm 
Wrist/hand/fingers 
Hip/thigh 

Knee 

Leg/ankle 

Foot/toes 


Functional 
e Duck-walk, single leg hop 
































































































































Consider ECG, echocardiogram, and referral to cardiology for abnormal cardiac history or exam. 
"Consider GU exam if in private setting. Having third party present is recommended. 

Consider cognitive evaluation or baseline neuropsychiatric testing if a history of significant concussion. 
O Cleared for all sports without restriction 


O Cleared for all sports without restriction with recommendations for further evaluation or treatment for 








O Not cleared 
O Pending further evaluation 
O For any sports 
O For certain sports 





Reason 





Recommendations 








I have examined the above-named student and completed the preparticipation physical evaluation. The athlete does not present apparent clinical contraindications to practice and 
participate in the sport(s) as outlined above. A copy of the physical exam is on record in my office and can be made available to the school at the request of the parents. If condi- 
tions arise after the athlete has been cleared for participation, the physician may rescind the clearance until the problem is resolved and the potential consequences are completely 
explained to the athlete (and parents/guardians). 


Name of physician (print/type) Date 
Address Phone 
Signature of physician , MD or DO 
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CHAPTER 17 The Preparticipation Physical Examination 


E PREPARTICIPATION PHYSICAL EVALUATION 
CLEARANCE FORM 


Name Sex OM OF Age Date of birth 





O Cleared for all sports without restriction 


O Cleared for all sports without restriction with recommendations for further evaluation or treatment for 








O Not cleared 
O Pending further evaluation 
O For any sports 


O For certain sports 





Reason 





Recommendations 




















| have examined the above-named student and completed the preparticipation physical evaluation. The athlete does not present apparent 
clinical contraindications to practice and participate in the sport(s) as outlined above. A copy of the physical exam is on record in my office 
and can be made available to the school at the request of the parents. If conditions arise after the athlete has been cleared for participation, 
the physician may rescind the clearance until the problem is resolved and the potential consequences are completely explained to the athlete 
(and parents/guardians). 


Name of physician (print/type) Date 





Address Phone 





Signature of physician , MD or DO 





EMERGENCY INFORMATION 


Allergies 




















Other information 
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Ectopic beats are also common. Those that disappear with 
exercise are usually benign, while those brought on with 
exercise are more worrisome. Ventricular ectopy in young 
athletes should also raise suspicion for possible use of stimu- 
lants (e.g., cocaine). 

Simultaneous palpation of the radial and femoral pulses for 
asymmetry is a simple screen for coarctation of the aorta. 


Blood Pressure 


Readings that indicate hypertension vary for different age 

ranges and between genders (34). Three separate elevated 

blood pressure (BP) readings are needed to diagnose hyper- 

tension (8,34). 

Hypertension in children and adolescents is based off of per- 

centiles for each age according to gender and height; those 

with repeated measurements at or above the 95th percentile 

are considered hypertensive (34). 

E Those between the 90th and 95th percentiles are deemed 
“high normal,” or the equivalent of the adult prehyper- 
tensive. 

In people age 18 and over, the definitions of hypertension are 

as follows (8): 

E Prehypertension: systolic blood pressure (SBP) between 
120 and 139 mm Hg or diastolic blood pressure (DBP) 
between 80 and 89 mm Hg. 

E Grade I hypertension: SBP between 140 and 159 mm Hg 
or DBP between 90 and 99 mm Hg. 

E Grade II hypertension: SBP = 160 mm Hg or DBP = 
100 mm Hg. 

Those who have prehypertension or grade I hypertension 

without evidence of end-organ damage need not be restricted 

from competitive sports. 

Grade II hypertensives should be restricted from high static 

sports (e.g., weightlifting) until their BP is controlled. 

Systolic hypertension in young athletes is frequently related 

to anxiety or inappropriate cuff size in husky individuals. 

If the initial measurement is high, it is recommended that 

another reading be taken after resting for 5 minutes. 


Musculoskeletal Assessment 


It is not necessary to perform a comprehensive joint-by-joint 

musculoskeletal exam on all PPEs. 

E The “2-minute musculoskeletal examination” can be a 
useful screen (Table 17.1). 


E Look for preexisting injuries, because they are likely to 
recur. The knees, shoulders, and ankles are most at risk. 

E Focus more of your examination on problem areas if 
they exist. 

Keep in mind the demands of the particular sport the 

athlete will be playing, and focus more on areas of the 

body that will be under stress and prone to injury from 

that sport. 
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Table 17.1 | The 2-Minute Musculoskeletal 


Examination for Screening Athletes 


During the Preparticipation 
Examination 


Instructions 





Observation 





Stand facing examiner 


Look at ceiling, floor, over both 
shoulders; touch ears to shoulders 


Shrug shoulders (examiner resists 
at 90 degrees) 


Abduct shoulders 90 degrees 
(examiner resists at 90 degrees) 


Full external rotation of arms 
Flex and extend elbows 


Arms at sides, elbows 90 degrees 
flexed; pronate and supinate wrists 
Spread fingers; make fist 


Tighten (contract) quadriceps 


“Duck” walk four steps (away from 
examiner with buttocks on heels) 


Back to examiner 


Knees straight, touch toes 


Raise up on toes, raise heels 


Acromioclavicular joints, 
general habitus 


Cervical spine motion 


Trapezius strength 


Deltoid strength 


Shoulder motion 
Elbow motion 


Elbow and wrist motion 


Hand or finger motion and 
deformities 


Symmetry and knee effusion; 
ankle effusion 


Ability to perform this rules 
out significant hip and knee 
abnormalities 


Shoulder symmetry, scoliosis 


Scoliosis, hip motion, 
hamstring tightness 


Calf symmetry, leg strength 





SOURCE: Smith NJ. Sports Medicine: Health Care for Young Athletes. Evanston (IL): 
American Academy of Pediatrics; 1983. 1 p. 


E Musculoskeletal problems found during the PPE should be 
treated with appropriate rehabilitation and conditioning 


programs prior to returning to activity. 


Other Areas for Assessment 


Height/weight 


E Eating disorders, ideal body weight 


General appearance 


E Stigmata of Marfan disease: kyphoscoliosis 


Eyes 
E Vision 


E Pupils for the presence of anisocoria, which may be pres- 
ent in up to 10% of patients. 


Ears/nose/throat 
Lungs 
Abdominal 


E Hepatosplenomegaly, masses 


Skin 
E Infectious diseases, acne 
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Neurologic 
Genitourinary 
E Single testicle, hernia, testicular mass 


E Tanner staging to assess physical maturity is no longer 
recommended. 





DIAGNOSTIC TESTS 





Laboratory Tests 


Consensus is that laboratory tests should not be done rou- 
tinely during the PPE. 


Consider routine hematocrit in female athletes, especially 
those involved in endurance sports. 


Perform cholesterol testing if indicated by history. 


Sickle Cell Trait 


Consider testing for sickle cell trait (SCT). The NCAA now 
requires testing for all Division I athletes in which the pres- 
ence of SCT is unknown. However, individual athletes can 
opt out of testing if they prefer (28). 


Concussion 


Consider formal neuropsychological testing if there is a 
history of multiple concussions, prolonged postconcussion 
symptoms, or inconsistent or significantly diminished school 
performance (see Chapter 26). 


Exercise-Induced Bronchospasm 


EIB appears to be much more prevalent in endurance 
athletes (27). 

If there is concern for EIB, it is recommended to perform 
testing to confirm or rule out the condition, because it has 
been shown that the correlation between symptoms and 
actual disease is poor (7,16,32) (see Chapter 24). 

Although this testing may be difficult to accomplish and 
simply prescribing a trial of an inhaled B, agonist is much 
easier and more time efficient, one must be aware not only 
of misdiagnosis and subsequent unnecessary treatment but 
also of the potential for doping infractions for athletes com- 
peting at the collegiate or elite levels (27). 

There are NCAA restrictions regarding the use of inhaled B, 
agonists, and the International Olympic Committee (IOC) 
has them on the banned substances list except for the long- 
acting versions, which are restricted in use (38). 


Cardiac Testing 


There has been considerable debate recently regarding the 
inclusion of routine screening electrocardiogram (ECG) as a 
part of the PPE in the United States. 
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E Routine ECG is being performed in Europe and is recom- 


mended by the European Society of Cardiology (ESC) and 
the IOC as part of their baseline screening programs. The 
recommendations are based on data that have come out of 
Italy that have shown that including ECG in regular screen- 
ing has resulted in an 89% reduction in SCD (10). 

It has been shown that for HCM (the most common cause of 
SCD in the United States), ECG abnormalities are present in 
75%—-95% of those with the condition (22,23,29). However, 
most of the ECG findings are subtle and require added ex- 
pertise to detect. 

In addition, the sensitivity and specificity of history and 
physical in detecting cardiac abnormalities responsible for 
SCD are quite low, and often SCD is the first manifestation 
of the underlying disorder (4,5,23,24,28,30,35,37). 

In a recent consensus statement (25), the AHA came to the 
conclusion that implementing a nationwide screening pro- 
gram that would include ECG for athletes in the United 
States is not viable for the following reasons: 


E Lack of medical resources and infrastructure to perform 
this testing on the large number of athletes in this coun- 
try (estimated to be 10-15 million). 

E The need to enact federal statutes to establish mandatory 
compliance with the screening process and nationwide 
consensus regarding the disqualification standards in the 
face of more pressing public health care issues. 

E Lack of financial resources for this kind of endeavor 
within our current health care system. 


E The relatively large percentage of false-positives that re- 
sult from these screening programs, mostly related to 
ECG interpretation. This leads to subsequent testing, fur- 
ther increasing the cost in addition to causing additional 
anxiety for the athlete and his or her family. 

E The detrimental effect of unnecessary disqualification from 
sport and activity of children and adolescents within the 
context of our current epidemic of inactivity and obesity. 





SCREENING TO PREVENT 
EXERCISE-RELATED SUDDEN DEATH 





E The cause of sudden death during exercise is usually car- 


diac: under 35 years, usually structural heart problem; over 
35 years, usually coronary artery disease. 

The overall prevalence of cardiac abnormalities responsible 
for SCD is approximately 0.3% (18). 

Preparticipation screening is the primary preventive tool. 
Exercise-related SCD in the United States is rare, but its actual 
incidence is still in question. Estimates range from 0.3 to 3 per 
100,000 athletes per year (2—4,6,8,9,11—14,19—21,31,34,36). 
The official recommendation of the AHA is to perform a 
thorough personal and family history, with questions specific 
for cardiac conditions (as noted earlier), and focused physical 
examination. Proceed with further testing only as indicated. 
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E Including routine screening ECG and/or echocardiogram 
would be the individual choice of certain communities and 
would be considered optional. However, it is warned that in- 
cluding these additional baseline tests brings with it added 
liability and increased (and likely unsustainable) financial 
and medical resource needs. 

E If there are any concerning findings on history or physi- 
cal exam, further evaluation is warranted. The subsequent 
workup will depend on the suspected abnormality. 

E ECGs can usually be performed in most primary care of- 
fices but should also be interpreted by a cardiologist or 
someone well versed in ECG findings associated with young 
healthy athletes as well as those conditions known to cause 
SCD. As mentioned later, there are many ECG changes as- 
sociated with normal adapted (“athletic”) hearts, as well as 
very subtle findings that can alert one to concerning cardiac 
abnormalities. 

E In the adult athlete, however, a resting ECG and/or exercise 
stress test may be indicated in males over the age of 40 and 
females over the age of 55 with two or more cardiac risk fac- 
tors, prior to starting an exercise program (15). 


E Causes of SCD in sports include the following. 


Hypertrophic Cardiomyopathy 


E Most common cause of SCD in the United States. 

E Symptoms: may exhibit palpitations, syncope, chest pain, 
and dyspnea on exertion. Most are asymptomatic until an 
episode of sudden death. 


E Examination: may have high-frequency systolic ejection mur- 
mur at the left lower sternal border while standing, increased 
with Valsalva, decreased with supine position and squatting. 


E Diagnosis: echocardiogram (ventricular septum > 15-mm 
thick); cardiac magnetic resonance imaging (MRI) with en- 
hancement. The presence of the “athletic heart syndrome” 
(see Chapter 27) may complicate screening. 


Congenital Coronary Artery Anomalies 


E Types: 
E Origin of left coronary artery from right sinus of Valsalva 
E Single coronary artery 
E Origin of coronary artery from the pulmonary artery 
E Coronary artery hypoplasia 
E Coronary bridging 

E Symptoms: vast majority are asymptomatic; may have exer- 
tional chest pain or syncope. 

E Diagnosis: angiogram; cardiac MRI. 


Marfan Syndrome 


E Quick screen for stigmata: 


E Tall stature, arachnodactyly (positive Walker and Steinberg 
signs), significant pectus carinatum or excavatum, arm 
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span to height ratio greater than 1.05, reduced upper body 
to lower body ratio of 0.85 or lower, ectopic lens, signifi- 
cant pes planus, scoliosis > 20 degrees, systolic murmur, 
known family history of Marfan. 


E If some characteristics are noted or there is a documented 
family history, patient should be referred for genetic and car- 
diovascular screening (including echocardiogram). 


Coronary Artery Disease 


E Consider exercise stress testing for the following: 
E Asymptomatic male over 45 or female over 55 (15). 


E Those with two or more risk factors: hyperlipidemia, hy- 
pertension, smoking, diabetes, personal history of stroke 
and/or peripheral vascular disease, and family history of 
heart attack or SCD in a first-degree relative younger than 
60 years. An alternative approach might be to select patients 
with a Framingham risk score consistent with at least a 
moderate risk of serious cardiac events within 5 years (15). 

E Anyone with angina, syncope, or palpitations, exertional 
or otherwise. 


E Those with a prior history of heart disease should be evalu- 
ated by their physician before initiating an exercise program 
(see Chapters 12 and 21). 


Valvular Disorders 


E Aortic stenosis: 

E Usually a result of congenital bicuspid valve. 

® This often results in sudden death, with or without exercise. 
E Mitral valve prolapse: uncommon cause of SCD. 


Cardiac Conduction System Abnormalities 


E Idiopathic long QT syndrome 
E QT, interval > 440 ms 


B® Wolff-Parkinson-White syndrome (accessory pathway disor- 
der leading to tachyarrhythmias) 


E Brugada syndrome (sodium channelopathy) 


Catecholaminergic polymorphic ventricular tachycardia 

E All must be suspected in cases of sudden death in which no 
structural heart problems are found, and all may produce 
symptoms of palpitations, syncope, or near syncope. 


Arrhythmogenic Right Ventricular 
Cardiomyopathy 


E Condition in which normal myocardium is replaced by 
fibrofatty tissue, leading to arrhythmias that are potentially 
fatal. 

E More common in Mediterranean populations than in the 
United States; most common cause of SCD in Italy. 

E Cause of SCD in 4% of athletes in the United States in a 
recent study (18). 
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CLEARANCE 





E Ifaproblem is found, the following factors should be consid- 
ered in deciding whether to clear an athlete to participate: 


E Does the problem place the athlete at increased risk of 


injury? 


E Is any other participant at risk of injury or illness because 


of the problem? 


E Can the athlete safely participate with treatment (medi- 
cation, rehabilitation, bracing, or padding)? 


E Can limited participation be allowed while treatment is 


being initiated? 


E If clearance is denied only for certain activities, in what 
activities can the athlete safely participate? 


Œ “Medical Conditions Affecting Sports Participation,” a 


policy statement released by the AAP, is a useful guide 
to help make decisions about clearance (Tables 17.2 and 
17.3) (31). 


The article “36th Bethesda Conference: Eligibility Recom- 
mendations for Competitive Athletes with Cardiovascular 
Abnormalities” (26) is a great resource for clearance guide- 
lines for athletes who have congenital heart disease and other 
cardiovascular abnormalities. 


A clearance form (see Fig. 17.1) is a useful tool to clearly 
express recommendations regarding clearance. 


| Table 17.2 | The Classification of Sports by Contact 





Contact/Collision Limited Contact Noncontact 
Basketball Baseball Archery 
Boxing Bicycling Badminton 
Diving Cheerleading Body building 
Field hockey Canoeing/kayaking (white water) Bowling 
Football (flag or tackle) Fencing Canoeing/kayaking (flat water) 
Ice hockey Field events Crew/rowing 
Lacrosse High jump Curling 
Martial arts Pole vault Dancing 
Rodeo Floor hockey Field events 
Rugby Gymnastics Discus 

Ski jumping Handball Javelin 
Soccer Horseback riding Shot put 
Team handball Racquetball Golf 

Water polo Skating Orienteering 
Wrestling Ice Power lifting 
— In-line Race walking 
— Roller Riflery 

— Skiing Rope jumping 
= Cross country Running 

— Downhill Sailing 

— Water Scuba diving 
— Softball Strength training 
— Squash Swimming 


Ultimate Frisbee 
Volleyball 
Windsurfing/surfing 


Table tennis 
Tennis 

Track 
Weightlifting 





SOURCE: American Academy of Pediatrics Committee on Sports Medicine. Recommendations for participation in competitive sports. Pediatrics. 1998;81(5):737-9. 
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Table 17.3 | Recommendations Regarding Sports Participation with Common Medical Conditions 





Condition May Participate 





Atlantoaxial instability (instability of the joint between cervical vertebrae 1 and 2) Qualified yes 
Explanation: Athlete needs evaluation to assess risk of spinal cord injury during sports participation. 

Bleeding disorder Qualified yes 
Explanation: Athlete needs evaluation. 

Cardiovascular disease No 

Carditis (inflammation of the heart) 

Explanation: Carditis may result in sudden death with exertion. 

Hypertension (high blood pressure) Qualified yes 


Explanation: Those with significant essential (unexplained) hypertension should avoid weight and power lifting, body 
building, and strength training. Those with secondary hypertension (hypertension caused by a previously identified disease) 
or severe essential hypertension need evaluation. The National High Blood Pressure Education Working Group (American 
College of Sports Medicine and American College of Cardiology, 1994) defined significant and severe hypertension. 


Congenital heart disease (structural heart defects present at birth) Qualified yes 


Explanation: Those with mild forms may participate fully; those with moderate or severe forms or who have undergone 
surgery need evaluation. The 26th Bethesda Conference (Franklin, 1997) defined mild, moderate, and severe disease for 
common cardiac lesions. 


Dysrhythmia (irregular heart rhythm) Qualified yes 


Explanation: Those with symptoms (chest pain, syncope, dizziness, shortness of breath, or other symptoms of possible 
dysrhythmia) or evidence of mitral regurgitation (leaking) on physical examination need evaluation. All others may 
participate fully (Koester and Amundson, 2003). 


Heart murmur Qualified yes 


Explanation: If the murmur is innocent (does not indicate heart disease), full participation is permitted. Otherwise, the athlete 
needs evaluation (see congenital heart disease and mitral valve prolapse) (Koester and Amundson, 2003). 


Cerebral palsy Qualified yes 
Explanation: Athlete needs evaluation. 
Diabetes mellitus Yes 


Explanation: All sports cart be played with proper attention to diet, blood glucose concentration, hydration, and insulin 
therapy. Blood glucose concentration should be monitored every 30 minutes during continuous exercise and 15 minutes after 
completion of exercise. 


Diarrhea Qualified no 


Explanation: Unless disease is mild, no participation is permitted, because diarrhea may increase the risk of dehydration and 
heat illness (see fever). 


Eating disorders Qualified yes 
Anorexia nervosa 

Bulimia nervosa 

Explanation: Patients with these disorders need medical and psychiatric assessment before participation. 

Eyes Qualified yes 
Functionally one-eyed athlete 

Loss of an eye 

Detached retina 

Previous eye surgery or serious eye injury 


Explanation: A functionally one-eyed athlete has a best-corrected visual acuity of less than 20/40 in the eye with worse acuity. 
These athletes would suffer significant disability if the better eye were seriously injured, as would those with loss of an eye. 
Some athletes who previously have undergone eye surgery or had a serious eye injury may have an increased risk of injury 
because of weakened eye tissue. Availability of eye guards approved by the American Society for Testing and Materials and 
other protective equipment may allow participation in most sports, but this must be judged on an individual basis (Kurowski 
and Chandran, 2000; Maron et al, 1996). 
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Recommendations Regarding Sports Participation with Common Medical Conditions (continued) 








Condition May Participate 
Fever No 
Explanation: Fever can increase cardiopulmonary effort, reduce maximum exercise capacity, make heat illness more likely, and 

increase orthostatic hypertension during exercise. Fever may rarely accompany myocarditis or other infections that may make 

exercise dangerous. 
Heat illness, history of Qualified yes 
Explanation: Because of the increased likelihood of recurrence, the athlete needs individual assessment to determine the 

presence of predisposing conditions and to arrange a prevention strategy. 
Hepatitis Yes 
Explanation: Because of the apparent minimal risk to others, all sports may be played that the athlete’s state of health allows. 

In all athletes, skin lesions should be covered properly, and athletic personnel should use universal precautions when handling 

blood or body fluids with visible blood (Risser et al, 1985). 
Human immunodeficiency virus infection Yes 
Explanation: Because of the apparent minimal risk to others, all sports may be played that the athlete’s state of health allows. 

In all athletes, skin lesions should be covered properly, and athletic personnel should use universal precautions when handling 

blood or body fluids with visible blood (Risser et al, 1985). 
Kidney, absence of one Qualified yes 
Explanation: Athlete needs individual assessment for contact, collision, and limited contact sports. 
Liver, enlarged Qualified yes 
Explanation: If the liver is acutely enlarged, participation should be avoided because of risk of rupture. If the liver is chronically 

enlarged, individual assessment is needed before collision, contact, or limited contact sports are played. 
Malignant neoplasm Qualified yes 
Explanation: Athlete needs individual assessment. 
Musculoskeletal disorders Qualified yes 
Explanation: Athlete needs individual assessment. 
Neurologic disorders 
History of serious head or spine trauma, severe or repeated concussions, or craniotomy (Sallis, 1996; Smith and Laskowski, 1998). Qualified yes 
Explanation: Athlete needs individual assessment for collision, contact, or limited contact sports and also for noncontact sports 

if deficits in judgment or cognition are present. Research supports a conservative approach to management of concussion 

(Sallis, 1996; Smith and Laskowski, 1998). 
Seizure disorder, well-controlled Yes 
Explanation: Risk of seizure during participation is minimal. 
Seizure disorder, poorly controlled Qualified yes 
Explanation: Athlete needs individual assessment for collision, contact, or limited contact sports. The following noncontact 

sports should be avoided: archery, riflery, swimming, weight or power lifting, strength training, or sports involving heights. 

In these sports, occurrence of a seizure may pose a risk to self or others. 
Obesity Qualified yes 
Explanation: Because of the risk of heat illness, obese persons need careful acclimatization and hydration. 
Organ transplant recipient Qualified yes 
Explanation: Athlete needs individual assessment. 
Ovary, absence of one Yes 
Explanation: Risk of severe injury to the remaining ovary is minimal. 
Respiratory conditions 
Pulmonary compromise, including cystic fibrosis Qualified yes 


Explanation: Athlete needs individual assessment, but generally, all sports may be played if oxygenation remains satisfactory during 
a graded exercise test. Patients with cystic fibrosis need acclimatization and good hydration to reduce the risk of heat illness. 


(Continued) 
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Recommendations Regarding Sports Participation with Common Medical Conditions (continued) 





Condition 


May Participate 





Asthma 


Yes 


Explanation: With proper medication and education, only athletes with the most severe asthma will need to modify their 


participation. 


Acute upper respiratory infection 


Qualified yes 


Explanation: Upper respiratory obstruction may affect pulmonary function. Athlete needs individual assessment for all but 


mild disease (see fever). 


Sickle cell disease 


Qualified yes 


Explanation: Athlete needs individual assessment. In general, if status of the illness permits, all but high exertion, collision, and 
contact sports may be played. Overheating, dehydration, and chilling must be avoided. 


Sickle cell trait 


Yes 


Explanation: It is unlikely that persons with sickle cell trait have an increased risk of sudden death or other medical problems 
during athletic participation, except under the most extreme conditions of heat, humidity, and possibly increased altitude (Tanner, 
1994). These persons, like all athletes, should be carefully conditioned, acclimatized, and hydrated to reduce any possible risk. 


Skin disorders (boils, herpes simplex, impetigo, scabies, molluscum contagiosum) 


Qualified yes 


Explanation: While the patient is contagious, participation in gymnastics with mats; martial arts; wrestling; or other collision, 


contact, or limited contact sports is not allowed. 


Spleen, enlarged 


Qualified yes 


Explanation: A patient with an acutely enlarged spleen should avoid all sports because of risk of rupture. A patient with a 
chronically enlarged spleen needs individual assessment before playing collision, contact, or limited contact sports. 


Testicle, undescended or absence of one 


Explanation: Certain sports may require a protective cup. 


Yes 





SOURCE: American Academy of Pediatrics Committee on Sports Medicine. Recommendations for participation in competitive sports. Pediatrics. 1998;81(5):737-9. 
Those listed with a “qualified” yes or no require individual assessment. 
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Leanne L. Seeger and Kambiz Motamedi 





INTRODUCTION 





E There are several modalities available for the imaging evalua- 
tion of sports injuries. The strengths and weaknesses of each 
modality, along with their specific indications are discussed 
in this chapter. 

E The choice of the imaging modality depends on several fac- 
tors, including the anatomic location of interest, chronicity of 
the symptoms, suspected pathology, and potential treatment 
alternatives. Guidelines for “what to use when” can be found 
on the American College of Radiology Web site “ACR Appro- 
priateness Criteria” under Musculoskeletal Imaging at: http:// 
www.acr.org/SecondaryMainMenuCategories/quality_safety/ 
app_criteria.aspx. 





IMAGING MODALITIES 


E Imaging tools that are commonly available are plain radi- 
ography (with or without applied stress), conventional ar- 
thrography, magnetic resonance imaging (MRI), which may 
be combined with arthrography, computed tomography 
(CT), which may be combined with arthrography, ultraso- 
nography (US), and radionuclide bone scans. Over the past 
several years, US has gained substantial popularity in sports 
medicine imaging. Radionuclide bone scans have dimin- 
ished in popularity, having been largely replaced by MRI. 





MODALITY STRENGTHS AND 
WEAKNESSES 





E Plain radiography is widely available, relatively inexpensive, 
and provides excellent detail of bony structures and soft tis- 
sue calcifications. Although resolution has improved with 
digital radiography, the ability of radiography to depict soft 
tissue pathology remains far inferior to cross-sectional imag- 
ing (MRI, CT, and US). 

E Stress radiography (e.g., varus or valgus) reveals abnor- 
mal laxity of joints and can indirectly diagnose soft tissue 
injury. Stress must be applied by the referring physician. 
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Disadvantages include availability of the physician, radia- 
tion exposure, and subjectivity of the amount of stress 
needed. In some cases, it may exacerbate underlying 
pathology. For subtle cases, comparison with the contra- 
lateral side may be needed. Consequently, indirect evalua- 
tion of soft tissue injury with stress radiography has been 
replaced by MRI and US. 


E Arthrography delineates the synovial space and intraarticular 


structures by joint distention. Although invasive, there are 
few inherent risks. Arthrography requires patient prepara- 
tion and cooperation, informed consent, and the availabil- 
ity of a radiologist. Prior to the advent of cross-sectional 
imaging (MRI and CT), conventional arthrography was 
popular, consisting of a fluoroscopically guided injection of 
iodinated contrast and/or air, followed by spot imaging dur- 
ing provocative maneuvering. This procedure is now rarely 
done in isolation, having been supplanted with injection of 
dilute gadolinium for magnetic resonance arthrography or, 
less commonly, dilute iodinated contrast for CT arthrogra- 
phy when there is a contraindication to MRI (e.g., cardiac 
pacemaker). For both of these procedures, coordination is 
needed for scheduling scanner time to immediately follow 
the procedure. 


MRI provides unparalleled soft tissue and bone marrow 
contrast. Soft tissue, marrow, and/or even periosteal edema 
is readily seen, even when subtle. MRI will demonstrate an 
early stress reaction of bone when plain radiographs and CT 
are normal. Structural abnormalities depicted with MRI in- 
clude ligament and tendon tears, as well as the amount of 
retraction. There are several relative and absolute contrain- 
dications to MRI, including claustrophobia, cardiac pace- 
makers, certain kinds of neurosurgical aneurysmal clips, and 
inner ear implants. Although there is a plethora of pulse se- 
quences that can be used with MRI, four are the mainstay of 
musculoskeletal imaging; T1, proton density (PD), T2, and 
inversion recovery (IR). T1, PD, and T2 sequences fall under 
the category of “spin echo” imaging. T1-weighted imaging 
displays anatomy. Fat (including fatty bone marrow) appears 
with high signal intensity, or bright; muscles appear with 
intermediate signal intensity; and cortex, tendons, and liga- 
ments appear with low signal intensity, or dark. T2-weighted 
(usually undertaken with fat suppression) and IR imaging 
highlights tissues with increased water content, displaying 
them as bright. By suppressing fat signal (turning it dark), 


T2 and IR imaging obscures normal anatomy but highlights 
edema and tears of muscles, tendons, and ligaments. Hema- 
tomas and most tumors also appear primarily bright, while 
surrounding normal tissue is dark. PD imaging takes advan- 
tage of both of these techniques by demonstrating anatomy 
but highlighting certain types of pathology. A primary role 
for PD scans in musculoskeletal imaging is for detection 
of meniscal pathology. Another technique called gradient 
recalled echo imaging is useful for demonstrating blood 
products and has been shown useful in imaging glenoid and 
acetabular labral pathology. Diffusion tensor imaging (DTI) 
is a newer technique that is commonly used in neuroimag- 
ing. In combination with the previously mentioned meth- 
ods, DTI is proving to be an effective tool for assessing the 
severity of cerebral concussion, including minor head injury. 
CT is superior to other modalities for fine bone detail and 
is an important tool for depicting the anatomy of complex 
fractures such as around the knee, hip, elbow, and shoul- 
der. Newer generation multislice scanners have significantly 
diminished acquisition time and artifact and are capable of 
submillimeter slice thickness. CT is often used as a surrogate 
for MRI, in cases where MRI is contraindicated. Volumetric 
image acquisition enables rapid data reformation into not 
only standard axial, sagittal, and coronal planes, but also any 
obliquity desired to optimize depiction of anatomy. Recon- 
struction artifact commonly encountered with older scan- 
ners is far less of a problem with newer generation scanners. 
Disadvantages of CT are limited soft tissue contrast and 
radiation dose. To minimize radiation, scanning should be 
coned as tightly as possible to the area of interest. 


ŒE Although popular in Europe and Asia for over three de- 


cades, musculoskeletal US was slow to be widely accepted in 
the United States. However, that has dramatically changed. 
Portable US equipment is now common at sporting events 
to provide a rapid assessment of injury severity and clearly 
competes with MRI in evaluation of muscle, tendon, and 
ligament injuries. One of the strengths of US lies in its ability 
to acquire dynamic images, depicting soft tissue structures 
while in motion. A normal control is readily available by ac- 
quiring images from the contralateral side. There is direct 
patient contact of the sonographer, facilitating immediate 
customization of the exam to the patient’s symptoms. The 
major disadvantage is that US is strongly operator depen- 
dent, requiring intense training with extensive hands-on 
experience for competency. US does not provide adequate 
resolution of intraarticular structures. 


Radionuclide bone scanning with technetium-99m methy- 
lene diphosphonate (Tc-99m MDP) is extremely sensitive 
for detecting areas of increased bone turnover. However, 
it is nonspecific, and traumatic lesions cannot be differen- 
tiated from inflammation or neoplasia. Correlation with 
plain films is usually needed. Bone scans also have poor spa- 
tial resolution, which may be improved by either obtaining 
oblique projections or using single photon emission computed 
tomography (SPECT). SPECT imaging produces multiplanar 
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tomographic slices similar to CT and MRI, allowing precise 
localization of foci of abnormal tracer activity in complex 
structures such as the spine. The triple-phase (three-phase) 
bone scan includes an angiogram acquired at the time of 
tracer injection, a blood-pool phase within 5 minutes of in- 
jection, and 3-hour delayed (static) images. This technique 
assists in differentiating soft tissue from bone pathology. Soft 
tissue abnormalities generally show preferential uptake on 
the first two phases, whereas bone pathology should show 
increased activity on all three phases. For single- or triple- 
phase bone scans, pinhole collimation should be used for 
small parts such as feet and hands to provide magnification 
and increased spatial resolution. Over the past years, MRI 
has largely replaced radionuclide bone scans. 





SPECIFIC USES OF DIFFERENT 
MODALITIES 





E Radiography should usually be used for the initial assessment 
of an acute traumatic event to assess for fracture and/or 
alignment abnormality. In the case of chronic disorders, ra- 
diographs can eliminate alternate diagnoses, such as arthritis 
or neoplasia. Radiography is also the standard method for 
following fracture healing and alignment abnormalities 
(subluxation or dislocation). 


E Stress radiography may find its niche in cases of chronic trau- 
ma with instability and suspected soft tissue injury. It has, 
however, been widely replaced by MRI and/or US. 

B® Arthrography is used when joint distention is required for 
lesion detection. This may include cases of cartilage injury, 
labral or meniscal pathology, capsular tears, and intraarticu- 
lar loose bodies. 

MH MRI is used for suspected bone or soft tissue injury, espe- 
cially when plain radiographs are normal. Indications for 
magnetic resonance arthrography include glenoid or acetab- 
ular labral tears, low-grade superior labrum anterior-posterior 
(SLAP) lesions, evaluating for retear of a repaired knee me- 
niscus, and detection of noncalcified intraarticular loose 
bodies. MRI may also be useful in evaluation of pars defects 
of the spine, showing edema at sites of abnormal motion. 


E CT is indicated for demonstrating the extent and anatomy 
of fractures. It is especially useful with complex pelvic 
trauma, where plain radiography is limited and the pelvic 
three-dimensional architecture is complex. It is also useful 
for evaluation of complex elbow trauma, another joint that 
is difficult to depict three dimensionally with plain film. CT 
with multiplanar reformations provides an excellent road 
map for the surgeon in planning the appropriate operation. 
CT is also used for intra- versus extraarticular localization 
of periarticular mineralization seen on plain film and is 
well suited for demonstrating calcifications associated with 
ligaments and tendons. This latter finding is often associ- 
ated with chronic injury. CT is useful for demonstrating 
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pars defects but does not assist in determining if the defect 
may be the source of pain. 

E US is extremely useful when dynamic imaging is desired, as 
in cases with snapping ankle and hip tendons. It is sensitive 
in demonstrating minute calcium deposits and tiny abnormal 
fluid collections in and around tendons and ligaments. Mobile 
units allow immediate field-side evaluation of injured athletes 
for tendon tears, muscle strains, and hematomas. US is also 
gaining popularity as a device to guide diagnostic and thera- 
peutic interventional procedures, including cyst aspiration 
and steroid and/or anesthetic injections around tendons. 

Radionuclide bone scans are useful primarily for localizing the 
site of bone pathology in cases where symptoms are diffuse. 
In lesions such as pars defects, a bone scan done with SPECT 
will show if the lesion is associated with abnormal activity, 
implying an active and likely symptomatic lesion. It also pro- 
vides information about the chronicity of an abnormality, 
because acute lesions show intense tracer accumulation and 
more chronic quiescent conditions appear more normal. 





CONSIDERATIONS 





E Considering that different modalities have differing sensi- 
tivity to demonstrate certain pathology, it becomes evident 
that clinical information is paramount in not only deciding 
which method to use, but also in tailoring the imaging study 
to the patient’s specific needs. 

E Clinical information also helps to choose the correct mo- 
dality for acute versus overuse injury. In both cases, one 
should usually begin with plain radiography. In cases of 
normal radiographs and suspected acute bone injury, one 
may choose to obtain an MRI to evaluate edema and a 
possible nondisplaced fracture. MRI is also useful for more 
chronic injuries where a soft tissue abnormality is suspect- 
ed. Complex acute fractures should be evaluated with CT if 
further imaging is needed. 

E The choice of imaging modality also depends on the level of 
the patient’s activity. In the case of an elite athlete where the 
decision of return to play is important, one may choose to 
obtain MRI or US immediately after obtaining radiographs. 





TISSUE OF INTEREST 





E Bone is the fundamental scaffolding of the musculoskeletal 
system and plays a central role in diagnostic imaging. With 
MRI, marrow edema in the context of an injury indicates at 
a minimum trabecular trauma and contusion. Specific pat- 
terns of marrow edema may prompt a closer search for inju- 
ry to specific soft tissue structures. In the knee, for example, 
marrow edema in the posterior tibia and the lateral femoral 
condyle at the sulcus terminalis has a high association with 
an acute anterior cruciate ligament tear. 


E Cartilage outlines the bony surfaces of the joints. As a shock 


absorber, it is prone to wear and tear as well as acute injuries. 
Acute chondral fractures, often with an adjacent bone frag- 
ment (osteochondral fracture), are common in sports medi- 
cine. Cartilage is not directly visible with plain radiography; 
however, an initial evaluation of cartilage thickness may be 
performed with plain radiography to assess joint space nar- 
rowing. MRI, on the other hand, not only demonstrates acute 
injuries to the osteochondral unit, but also nicely shows in- 
trinsic signal abnormalities of cartilage due to wear and tear 
(chondromalacia). MRI can also evaluate cartilage for focal 
areas of thinning, fissuring, and ulceration. One of the more 
common areas of interest for cartilage evaluation is the ante- 
rior knee for chondromalacia patellae. With newer high-field 
MRI scanners (3 T and greater), detailed evaluation of joint 
surfaces rarely requires arthrography. 


Joint-stabilizing ligaments and tendons and the dynamic 
muscle and tendon units are prone to injuries. Certain sports 
are associated with specific injury patterns. The examples 
are innumerable, including jumper’s knee (patellar tendon), 
tennis leg (plantaris tendon and/or gastrocnemius muscle), 
and tennis or golfer’s elbow (collateral ligament). If plain 
films are normal or equivocal, MRI will provide the neces- 
sary soft tissue resolution for diagnosis. The spectrum of 
findings ranges from mild edema to hematoma, partial tear, 
and complete disruption. With experience, US is a viable al- 
ternative for evaluation of the more superficial tendons and 
muscles, especially around the elbow and ankle. 


Bursae are fluid-filled structures with synovial linings that 
act as cushions at foci of increased motion or friction. They 
are classically found between bones and tendons or mus- 
cles and skin but can form anywhere protection is needed 
(adventitial bursa). Inherent to their function, bursae are 
prone to inflammation, especially in cases with overuse. MRI 
is excellent for demonstrating inflamed and fluid-filled bur- 
sal structures. US is suitable for detecting superficial fluid 
collections and possibly hyperemia in an inflamed super- 
ficial bursa. US may also provide guidance for therapeutic 
injections. 





ACUTE INJURY VERSUS OVERUSE 





E Plain radiography is usually used to evaluate for acute frac- 


ture. With chronic complaints or overuse, plain films pro- 
vide an effective screening tool for arthritis, inflammatory 
processes, and musculoskeletal tumors. Plain films may be 
helpful in demonstrating acute or chronic joint effusions 
(e.g., knee and elbow) by demonstrating a soft tissue den- 
sity displacing normal fat planes. In cases of chronic injuries, 
calcifications are easily seen with radiography. Plain films 
are also used to evaluate for periosteal new bone formation, 
abnormal bone sclerosis, and callus formation. 


If plain films are deemed to be normal and symptoms war- 
rant, MRI is usually the next modality undertaken. With 


chronic or overuse disorders, stress reaction or fracture will 
appear on MRI as edema in bone marrow, possibly with im- 
mature periosteal new bone formation. Focal abnormalities 
are also evident in muscles, tendons, and ligaments. When 
the suspicion of an acute fracture is high and plain films are 
normal, MRI will detect radiographically occult fractures. 
This is especially important in weight-bearing bones such 
the tibial plateau and proximal femur. Early diagnosis can 
prevent fragment displacement with activity. 

E If a patient’s symptoms persist after adequate conservative 
treatment or seem out of proportion to the clinical setting, 
additional imaging is warranted. It is not uncommon for 
bone and soft tissue tumors to be initially diagnosed as a 
hematoma or muscle strain. Any palpable mass diagnosed as 
a hematoma should be followed clinically to maturation or 
resolution. 





CHRONIC SEQUELAE TO TRAUMA 





E Areas of prior hemorrhage, hematoma, or inflammation 
may undergo transformation into mature bone. This phe- 
nomenon is called heterotopic ossification. The term myo- 
sitis ossificans has fallen out of favor, because this is not an 
inflammatory process of the muscles. Plain radiography and 
CT play a crucial role in recognizing this entity. The find- 
ing of peripheral calcification around a soft tissue mass is 
the hallmark of this entity. This is contrary to mineralized 
tumors such as osteosarcoma, where the osteoid is situated 
centrally. Unfortunately, these two entities may be confused 
histologically. With maturation, the mineralization of het- 
erotopic ossification will often completely ossify with mar- 
row induction centrally and cortex peripherally. An area of 
heterotopic ossification immediately adjacent to bone may 
result from an avulsion injury. This is termed periostitis 
ossificans. 

E Calcific deposits may be seen not only in tendons and liga- 
ments, but also in chronic inflammation of a bursa (calcific 
bursitis). These calcifications are usually hydroxyapatite 
bound and have a pasty appearance. They may be linear or 
globular. Depending on the location of the symptoms, radio- 
graphs, CT, or US may be used for diagnosis. 





SITE-SPECIFIC PLAIN RADIOGRAPHY: 
STANDARD AND SPECIAL VIEWS 





E Each institution has its own set of plain film series, and as 
such, it is useful to know what views are included in a given 
radiologic examination. The referring physician may then 
request a specific view that may be useful for the diagnosis of 
the suspected pathology, or the radiologist may add a study 
or vary the study according to the initial findings and the 
pathology suspected. In the setting of acute joint trauma, 


CHAPTER 18 Diagnostic Imaging 119 


a three-view minimum is usually required. Two perpendicu- 
lar views suffice for the long bone shafts, and two views are 
usually adequate for fracture follow-up. 


Shoulder 


E Internal and external rotation views in the anteroposte- 


rior (AP) projection are included in most shoulder series. 
Axillary and transscapular Y views are common third 
projections obtained and are needed for a perpendicular 
view of the glenoid. Grashey, outlet (caudally angulated 
transscapular), and West Point views may be obtained 
for evaluation of the glenohumeral joint space, anterior 
acromial shape and subacromial space, and anteroinferior 
glenoid rim, respectively. 


Elbow 


E AP and lateral views are standard. The lateral view should 


be obtained with the elbow in 90 degrees of flexion to allow 
detection of an elbow joint effusion. Displacement of the fat 
pads around the joint by intraarticular fluid or blood may 
be the only evidence of a nondisplaced fracture. Bilateral 
oblique views are helpful to depict soft tissue calcifications or 
acute fracture, and an angulated radial head view may show a 
nondisplaced fracture. 


Hand/Wrist 


E Posteroanterior (PA), lateral, and oblique views usually con- 


stitute a hand series. The basic wrist series consists of four 
projections, those above coned to the wrist, as well as a 
scaphoid view to lay the bone out on its long axis. The carpal 
tunnel view will show fractures of the hook of the hamate or 
the pisiform bone, and ulnar and radial deviation views may 
reveal widening of the scapholunate or lunotriquetral space, 
implying a ligament tear. 


Cervical/Lumbar Spine 


E AP and lateral views are the basic series, and oblique views 


are obtained to evaluate the neural foramina in the cervi- 
cal spine and the facets in the lumbar spine. Lateral flexion 
and extension views may be added to evaluate for instability. 
When obtaining flexion/extension images, the patient should 
provide range of motion independently and never be forced 
into position. This is especially true in the setting of acute 
trauma. In the cervical spine, the open mouth view shows 
alignment of the first two vertebral segment lateral masses 
and the odontoid base. The Fuchs view shows the odontoid 
tip. The swimmer’s view shows the lower cervical and up- 
per thoracic segments that may be obscured by shoulder soft 
tissues on the conventional lateral projection. In the lumbar 
spine, a coned lateral view of the LS—S1 disc is often useful, 
and this level is subject to distortion from beam angulation 
on the standard lateral lumbar film. 
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Thoracic Spine 


E AP and lateral views are standard. A swimmer’s view is fre- 
quently obtained to evaluate the upper thoracic segments. 
Oblique views of the thoracic spine add no useful informa- 
tion. The thoracic facets are best assessed with CT. 


Pelvis 


E The most common view of the pelvis is the AP projection. 
Inlet/outlet and bilateral Judet (lateral oblique) views may 
also be obtained, but these are usually reserved for significant 
pelvic trauma. The PA view is preferred over an AP projec- 
tion for imaging the sacroiliac (SI) joints because of their 
oblique orientation. This allows the x-ray beam to travel 
down the axis joint and minimizes overlap of the cortices of 
the lower synovial portion of the articulation. It should be 
coned to the SI joints and sacrum. The PA projection of both 
joints may be combined with oblique views of each side, ori- 
ented down the long axis of the joint. 


Hip 
E AP and frog-leg lateral views are standard. Although these 
provide two views of the proximal femur, they show the ac- 


etabulum in only one projection. A true acetabular lateral 
may be obtained with an axial lateral view. 


Knee 


E AP, lateral, and patellar views are standard for the plain 
radiographic series. Except in the setting of acute trauma 
where fracture is of clinical concern, these should be ob- 
tained in the upright position. In acute trauma, the lateral 
view should be positioned in a cross-table manner to al- 
low demonstration of a lipohemarthrosis, a sign of an ar- 
ticular fracture. The patellar view (sunrise or Merchant) is 
obtained with the knee flexed, usually oriented superior- 
to-inferior. This shows the patellofemoral compartment 
to best advantage. Additional options for knee imaging 
include the flexed PA view. This gives insight into the in- 
tercondylar notch and may be more sensitive than the fully 
extended upright position for detecting early joint space 
narrowing. The flexed PA view can also be used to look 
for acute or chronic osteochondral lesions of the femoral 
condyles. Oblique views can be helpful to demonstrate a 
nondisplaced tibial plateau fracture. 


Ankle/Foot 


E AP, lateral, and oblique views are usually obtained. As with 
the knee, the images should be taken upright except when an 
acute fracture is suspected. Alignment abnormalities require 
weight bearing for proper evaluation. If a subtle Lisfranc 
injury is suspected, weight-bearing AP films of both feet may 


be needed to evaluate for mild widening through compari- 
son with the uninjured side. The Harris view provides a per- 
pendicular projection of the calcaneus. Coalitions are often 
only seen on an oblique view of the foot. 





CONCLUSION 





When dealing with the athlete, plain radiography is usually 
the first imaging study that should be performed. This holds 
true whether dealing with an acute injury or overuse. 


MRI is preferred for the diagnosis of radiographically occult 
bone injury and soft tissue trauma, be it acute or chronic. 
This is not an urgent examination unless one is dealing with 
an elite athlete where return to play is an issue or there is 
concern for a radiographically occult fracture in a weight- 
bearing bone. 


US is a viable alternative to MRI for evaluation of superficial 
soft tissues, but it requires an experienced operator. 

CT is preferred for complex bone trauma. 

The clinical history will affect both image acquisition and 
interpretation. Open communication between clinician and 
radiologist is essential for optimal patient care. 
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Musculoskeletal Ultrasound 


Sean W. Mulvaney and Sean N. Martin 





INTRODUCTION 





B® Musculoskeletal (MSK) ultrasound (US) is a rapidly emerg- 
ing imaging modality in the field of sports medicine. It is 
a powerful tool in both the diagnosis and management of 
the injured athlete. MSK US is unique in that it provides 
previously unavailable point-of-care diagnostic imaging, 
completed by the clinician, and with the patient still in the 
examination room (3). This technology is the result of con- 
tinued improvement of broadband high-frequency trans- 
ducers and new developments in signal-processing software 
that have improved the image quality for evaluating MSK 
structures (10). 

E Advantages of US imaging: 
E Portable, point-of-care imaging. 
E Direct, dynamic visualization of injured structure, aiding 

in a pathoanatomic diagnosis: 

4 Many pathologic conditions are only apparent while a 
structure is in motion. 

4 Magnetic resonance imaging (MRI) only allows the 
injured tissue to be viewed in one position. 





E Relatively inexpensive. 


E Focus: able to focus on the area of interest to a degree not 
possible with MRI. 


E Side-to-side comparison views are simple to obtain for 
anatomic variants/growth plate comparison. 

Œ Low-risk visualization of soft tissue and superficial bone: 

4 No risk associated with iodinated contrast. 

4 No risk associated with MRI contrast (i.e., gadopen- 
tetate dimeglumine contrast resulting in gadolinium- 
associated nephrogenic systemic fibrosis). 

4 No risks associated with ionizing radiation. 





E Ability to accurately image soft tissue structures despite 
metallic implants. 

E Immediate correlation of imaging with history and physical. 

E Superior imaging modality for peripheral nerve pathol- 
ogy (6,12). 

E Real-time visualization, allowing accurate percutaneous 

procedures. 

Q Increases accuracy of medication placement. 

1 Allows determination of the exact pain generator in cases 
when multiple pathologic structures are visualized. 











E Disadvantages of US imaging: 


E Significant time, effort, and cost investment to become 
proficient. 

“1 Many providers initially rely upon attendance at dedi- 
cated MSK US courses to learn directly from industry 
leaders. 

E Although US can rule-in a fracture, it can neither rule- 
out nor characterize a fracture. 

E Due to reliance on direct visualization, US can be hindered 
by intervening bony structures. Intraarticular pathology is 
incompletely visible on US exam. 

E Labral pathology is incompletely visible on US. 

E Even if a surgical lesion is identifiable on US, many 
orthopedic surgeons are more comfortable with MRI im- 
aging to justify surgery, for presurgery planning, and for 
use as a reference during surgery. 


E US is more limited with obese patients. 





PHYSICS 





The US image is the product of sound waves that have 
been emitted by piezoelectric crystals on the US transducer, 
passed through tissues, some of which are reflected back to 
the transducer. 


Echo signature of bone, ligaments, tendons, muscles, and 
other soft tissues is based on the degree of absorption versus 
reflection of the sound waves. 


The US image is based on reflected sound or US waves. The 
processor translates the echo signatures of the US waves into 
a real-time two-dimensional image. 

Attenuation is the name for all interactions that decrease the 
intensity of the US beam except reflection. Attenuation in- 
cludes the effects of scattering and absorption that reduce 
the US wave amplitude. 


Constant = frequency X wavelength: 

E The constant used is the velocity of sound in tissue (der- 
mis, adipose, muscle, tendon, cartilage, and ligament), 
approximately 1,540 meters per second. 

E Because the position of any object measured with US can 
be determined only to an accuracy of about one wavelength, 
the limitation on image resolution is imposed by wavelength. 
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E The resolution required in diagnostic US is 1 mm or less. 
4 Therefore: frequency = constant/wavelength 

Frequency (MHz) = 1,540 meters per second - 
0.001 m 
1.54 X 10° meters per second = 1.54 MHz = the 
minimum usable frequency for MSK US applica- 
tions, which will yield a resolution of about 1 mm 
before significant attenuation degrades this. 


E US technology allows for a degree of lateral resolution, which 
is defined as the ability to visualize and differentiate struc- 
tures parallel to the transducer footprint and determined by: 
E Hardware: Chiefly the number of sound-emitting crys- 

tals on the transducer. This is a fixed number determined 
at the time the transducer is manufactured. The number 
of crystals determines the potential number of lines of 
sight (LOS) and is one of the primary quantitative indi- 
cators of the quality of a transducer. 


E Software: By sequencing of the sound emission by the 
crystals, the software is able to activate the sound-emitting 
crystals in different time sequences to generate multiple 
sound wave fronts. By having the computing power to 
process these multiple reflecting LOS, the software is able 
to generate a significantly more detailed two-dimensional 
image on the display screen than if all the crystals fired all 
only in one sequence. This sequence processing is referred 
to as “multibeam” or “crossbeam” imaging. 

E Axial resolution allows for clearer visualization of structures 
at varying depths, in the same axis as the transducer. Axial 
resolution can be increased or decreased by adjusting the 
frequency. 

E Frequency refers to the time between emissions of sound 
waves. 


E Higher frequencies result in greater axial resolution, 
resulting in a more detailed US image; however, higher 
frequencies have less tissue penetration (the ability to 
see deeper structures clearly). High-frequency sound 
waves have less penetration because they are subject to 
more rapid attenuation of sound waves by refraction and 
absorption of sound waves by tissues (reflectors). 


E Lower frequencies result in less axial resolution, result- 
ing in a less detailed US image; however, lower frequency 
sound waves have greater tissue penetration because they 
are less subject to attenuation by reflectors. 


E Higher frequency = higher resolution and less penetra- 
tion (more attenuation). Use higher frequencies to view 
relatively shallow structures with greater detail. 


E Lower frequency = less resolution and higher penetra- 
tion (less attenuation). Use lower frequencies to view 
deeper structures. 


E Contemporary transducer technology emits multiple 
(broadband) frequencies near simultaneously to gener- 
ate the most useful real-time US image by maximizing 
potential resolution (using some higher frequencies) and 
penetration (using some lower frequencies). The partic- 


ular mix of high and low frequencies may be manually 
or automatically selected depending on the particular 
US machine used. The mix of frequencies is based on 
the depth of the structure of interest, with the frequen- 
cies emitted for deeper structures viewed weighted to- 
ward lower frequencies and vice versa with superficial 
structures. 


There are two commonly used transducer styles that fea- 

ture frequency ranges that are useful for MSK US, with 

the choice between the two dependent on the particular 
application. 

All transducers operate within a range of frequencies as 

determined by the manufacturer. 

4 Broadband high-frequency linear transducer: Most 
universal in application. Appropriate for superficial 
and medium-depth applications such as hand, knee, 
and shoulder. These transducers have a higher degree 
of resolution compared to curvilinear transducers at 
more superficial depths. 

4 Broadband low-frequency curvilinear transducer: 
Appropriate for viewing deeper structures such as hip, 
spine, and shoulders in large individuals. 





TERMINOLOGY 





E Anisotropy 


US best interprets echo signatures when the transducer is 
positioned directly perpendicular to a structure. 


The artificial lack of signal (artifact) caused by loss of 
perpendicular positioning is termed anisotropy and is a 
significant and omnipresent challenge in MSK US. 


The physical explanation for this phenomenon remains 
largely undetermined; however, it is associated with view- 
ing relatively fibrillar structures, and the effects of anisot- 
ropy are more pronounced as structures become more 
fibrillar. 


Anisotropy is a commonly encountered artifact when 
visualizing bundles of fibers (ligaments, tendons, muscle) 
or fascicles (nerves) as they curve (with loss of perpen- 
dicular positioning of the transducer) and can be easily 
misinterpreted as a tear. It affects higher density (more 
fibrillar) structures before less fibrillar structures. 

4 Ligament > tendon > muscle > nerve 


Knowledge of the relative anisotropic nature of struc- 
tures aids the scanner in identification of anatomy. For 
example, when viewing the carpal tunnel in a transverse 
axis, as the operator tilts the probe, the carpal ligament 
signal will drop out first, then the tendons, then the mus- 
cle, with the median nerve as the last fibrillar structure 
in view. 

A tilt as small as 3-7 degrees away from a perpendicular 
plane can produce anisotropy and can be seen in both the 
longitudinal and transverse planes. 


E This effect is particularly evident when scanning a curved 
structure, such as a tendon insertion, and can be corrected 
by positioning the probe to remain perpendicular to the 
curvature. 


E Volume averaging 


E US transducers emit a shaft of sound about 1 mm thick. 
This 1-mm three-dimensional shaft of sound gradually 
spreads and becomes wider as it penetrates tissue. The 
reflected sound waves from this three-dimensional shaft 
of sound are then processed by the computer to render a 
two-dimensional image. 

E The resultant generated image is an average of the total 
volume of the reflected signal. 


E Disruption of normal echo signature of a structure is of- 
ten not translated into the image until more than 50% of 
the 1-mm shaft is abnormal. Even if 75% of a tendon ina 
given image is disrupted, it may still appear to be grossly 
intact, although relatively hypoechoic compared to the 
other parts of the tendon. 

4 This is a crucial concept when it comes to interpreta- 
tion of partial-thickness tears. 

E Ifa defect is suspected, turn the transducer orthogonally 
to assess for relative hypoechoic areas consistent with 
partial tears. 


E Aside from traditional longitudinal and transverse scan- 
ning axis, oblique approaches should be undertaken 
when attempting to delineate a partial-thickness tear. 


E An understanding of volume averaging is crucial to 

successful visualization of US-guided needles in longitu- 
dinal axis. 
1 Because needles are relatively narrow, if the needle is 
located within the outer 25% of the projected sound 
shaft, the signal from the needle will be “volume aver- 
aged out,” and no needle will be seen on the screen. 

1 The needle must be in the middle 50% of the pro- 
jected shaft of sound to be visible; this requirement 
becomes more exacting with deeper injections. 

A clinician’s eye dominance needs to be accounted for 





when attempting to place a needle under a transducer. 
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E In the same case of a defect in a tendon overlying bone, 
through transmission enhancement produces an artifact 
of relatively more intense hyperechoic area beneath the 
defect, which is referred to as “crescent sign” or “cartilage 
interface sign.” 


Shadowing 
E This phenomenon is seen as an anechoic area immedi- 


ately deep to a structure that blocks or partially blocks 
sound wave transmission. 


E This can be seen at bony interfaces, under calcifications, 
and around foreign bodies (such as needles). 

Gain 

E Often described as the “volume button,” gain adjusts the 
intensity of the acoustic pulse emitted by the piezoelec- 
tric crystals, with the result being a stronger echo return. 


E Increasing gain enhances the detection of weak reflectors. 


Artifacts are any visible structures in an image that do not 

correlate directly with the actual tissue. 

Sonopalpation: Visualization of the clinician’s palpating fin- 

ger directly over the area of maximum tenderness to assist in 

correlating a patient’s area of maximum tenderness with a 

potential anatomic pain generator. 

Doppler imaging 

E Most US equipment allows adjustment of the mode to 
allow visualization of blood flow. This can assist in estab- 
lishing anatomic landmarks, avoiding vascular structures 
during US-guided injections, and assessing blood vessels 
for normal flow. 

4 Color Doppler: signals both the presence and the di- 
rection of flow within a structure using the indica- 
tor colors of blue (flowing away) and red (flowing 
toward). 

1 Power Doppler: provides a very sensitive assessment 
of presence of flow by indicating the reflection of 
red blood cells using the indicator colors of red and 
yellow. 





What looks to be the centerline of the probe may actu- 


ally be slightly to the left or right of centerline. MUSCULOSKELETAL ULTRASOUND 


SIGNALS 





E Through transmission enhancement 


E Ifa sound wave passes through relatively less echo-dense 
E Echo signatures are based on density of tissue reflecting the 


material, it will be less subject to attenuation and will 
result in a relatively stronger reflection back to the trans- 
ducer. For example, if a sound wave passes through a 
fluid-filled cyst lying over a bone, the image of the bone 
beneath the fluid-filled cyst will appear brighter than the 
adjacent bone. 

E In the case of a defect in a tendon, the structure immedi- 
ately deep to this defect exhibits a relatively hyperechoic 
echo signature. Through transmission enhancement 
is critical to help identify partial-thickness tears, fluid 
interfaces, and tenosynovitis. 


US waves. These signatures can be thought of as representing 

a continuum of varying degrees of shading. 

E Anechoic (black): no or minimal reflection of sound 
waves: hyaline cartilage, fluid. 


E Hypoechoic (relatively darker): scant reflection of sound 
waves or relatively darker in appearance than other tis- 
sues within the viewed structure. A relatively reduced 
density (darker area) in a tendon. 


E Echoic: A structure of sufficient reflectiveness to be vis- 
ible on US image. 
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E Mixed echogenicity: An image made up of both hy- 
poechoic and hyperechoic structures: muscle tissue. 

E Isoechoic: Similar reflectiveness relative to the compared 
tissue. 

E Hyperechoic: Relatively brighter (whiter) in appearance 
than comparative structures on the screen (e.g., cortical 
surfaces, fascial layers, foreign bodies). 


E Classic US descriptions of tissues 


E Muscle: loosely compact fibrillar pattern. 
Q Transverse axis: “Starry Night” appearance. 
Q Longitudinal axis: pennate pattern. 





E Tendon: compact fibrillar pattern in longitudinal and 
transverse axis. 
E Ligaments 
Q Transverse axis: very compact fibrillar pattern. 
1 Longitudinal axis: trilaminar appearance. 
Intrasubstance appears dark compared to whiter, 
adjacent surfaces (white-black-white appearance). 





E Nerves 
Q Transverse axis: fascicular pattern. 
“Bundle of grapes” appearance. 
Q Longitudinal axis: striated fascicular appearance. 





INDICATIONS FOR ULTRASOUND IN 


SPORTS MEDICINE (1) 





ŒE MSK US is a valuable tool in the evaluation and manage- 


ment of the injured athlete and has become invaluable to the 
practice of MSK medicine, as evidenced by its exponential 
increase in clinical usage within the past 10 years. New indi- 
cations for this tool are constantly described, most of which 
fall under one of two primary categories: 

E Diagnostic scanning: 

1 Static assessment 

1 Dynamic assessment 


E Visualization of percutaneous procedures: 
Q Injection 

4 Aspiration 

4 Fenestration 

4 Neurolysis 





The remainder of this chapter is devoted to highlighting 
the value of real-time US imaging in several common MSK 
injuries (1). 


E Anterior hip 


E Significant hip effusions are obvious on US imaging. 

E US-guided hip joint injections can safely and effectively 
replace the fluoroscopically guided injections. 

E The anterior labrum is visible, as is the bony contour 
of the femoral neck associated with femoral acetabular 
impingement. 

E A snapping iliopsoas tendon can be identified snapping 
over the pectineal eminence with hip extension. Holding 
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the transducer in position during this dynamic exam is 
challenging but possible. 


E Posterior hip pain 


E US allows the astute clinician to differentiate what ap- 
pears to be piriformis pain from an obturator internus 
tendinopathy as it sharply bends as it courses over the 
ileum. Sonopalpation or a US-guided diagnostic injec- 
tion can quickly differentiate these two common sources 
of posterior hip pain, resulting in a more precise patho- 
anatomic diagnosis and appropriate treatment. 


Lateral hip pain 


E Often what clinically appears to be “greater trochanteric 
bursitis” (GTB) is a tendinopathy in one or both of the 
gluteus medius tendons as they insert onto the superior 
aspect of the greater trochanter. 

E Insertional tendinopathy of the piriformis as it inserts 
onto the superior/lateral aspect of the greater trochanter 
or an insertional tendinopathy of the obturator internus 
as it inserts on the posterior medial border of the greater 
trochanter can also clinically be misidentified as GTB. 


E With diagnostic US and a US-guided diagnostic injection 
of a small amount (1 mL) of local anesthetic, an astute 
clinician can formulate a precise diagnosis from a differ- 
ential of overlapping or similar possibilities. 

Hamstring 


E Acute complete and partial hamstring tears and their 
associated hematomas are often obvious on US. 


E Hamstring origin tendinopathies at the conjoined ten- 
don can be differentiated from adductor magnus ori- 
gin tendinopathy, but a precise diagnosis may require a 
US-guided diagnostic injection. 

E Whenever considering an injection of the hamstring 
origin area, the sciatic nerve must be clearly identified 
because it runs immediately lateral to these structures. 


Quadriceps 
E Quadriceps tendon partial- and full-thickness tears are 


readily evident on US exam. Quadriceps hematomas are 
obvious and can be safely aspirated under US guidance. 


E Knee 


=E MSK US can quickly assess many common chronic and 
acute knee injuries. 


E Knee effusions are obvious on US exam of the suprapa- 
tellar pouch. Aspiration and injection of the knee joint at 
this location virtually negate the possibility of iatrogenic 
cartilage damage from the needle. 

E Baker cysts in the posterior knee can also be easily identi- 
fied at the junction of the semimembranosus tendon and 
the medial gastrocnemius and safely aspirated under US 
guidance. 

E US can rule-in (but not rule-out) tears in the outer me- 
nisci. Meniscal tears are often visible on US, and US com- 
bined with positive sonopalpation and an effusion provide 
even stronger evidence of a tear. 


Meniscal cysts are an indication of a meniscal tear and are 
readily viewed. 

Full-thickness tears, partial tears, and tendinopathies of 
the patellar and quadriceps tendons are readily visible. 
Pathologic plical folds are visible. 

Injuries to the lateral and medial collateral ligaments are 
readily visible and gradable on a dynamic US exam. 
Cartilage thickness and some cartilage defects can be 
measured with US. 

The common peroneal nerve, an uncommon source 
of lateral knee pain, can be additionally identified as it 


branches off of the sciatic nerve and courses around the 
fibular head. 


E Calf 


Partial and complete tears of the gastrocnemius and so- 
leus are readily visible, as are their associated hematomas. 


Achilles tendon partial tears, complete tears, and tendi- 
nopathies are readily viewed and measured with US. The 
ability to definitively establish a diagnosis of a ruptured 
tendon may reduce the delay before surgical repair. 


The os trigonum in the posterior heel can be viewed and 
injected under US guidance. 

Nerve injuries and neuromas within the lower leg are also 
readily viewed with US. 


E Ankle 


Ligament sprains, including high ankle sprains, can be 
dynamically evaluated and accurately graded to establish 
appropriate treatment and prognosis. 

Ankle joint effusions are readily viewed. 

Tenosynovitis, such as a posterior tibial tenosynovitis, 
can be viewed in any of the tendons as they course over 
the ankle joint. 

Split tears in the peroneal and tibial tendons are often dif- 
ficult to image with other modalities and are often only 
viewed in the oblique axis. 


E Foot 


One of the more common running-related complaints 
is heel pain, with plantar fasciitis representing the “low 
back pain” of the runner. 


MSK US allows the provider to assess a number of struc- 
tures including the plantar fascia, tarsal tunnel, and 
plantar nerves. 

The plantar fascia is readily measured; thickness > 4 mm 
is considered enlarged and consistent with a diagnosis of 
plantar fasciosis (5). 


E Shoulder 


Rotator cuff tears: The accuracy of US has been shown 
to be comparable to MRI in the detection of rotator cuff 
tears (11). 

Dynamic US exam of the shoulder can impressively show 
anterior and posterior impingement, as well as acromio- 
clavicular joint dysfunction and arthropathy. 
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E Diagnostic injections with as little as 1 mL of lidocaine 
can differentiate the pain generator in the presence of 
multiple pathologies. 

E Glenohumeral joint injections can be performed while 
sparing the articular cartilage surfaces and the labrum 
from needle trauma. 

E Elbow 


E Medial and lateral tendinopathies and partial tears can be 
assessed and accurately injected with US. 


E It is possible to assess less common sources of lateral 
elbow pain, such as anconeus tears, radial nerve entrap- 
ments, and annular ligament tears. 

E Wrist 


E Scapholunate ligament injuries can be assessed by per- 
forming a dynamic exam by having the patient grip an 
object while observing for an instability and gapping 
between the scaphoid and lunate (Terry-Thomas sign). 

E It is possible to rule-in (but not rule-out) triangular 
fibrocartilage complex injuries. 

E Carpal dislocations and fractures can be ruled-in (but 
not ruled-out). 


E De Quervain tenosynovitis and intersection syndrome 
are readily assessed and accurately injected with US 
guidance. 

E The median nerve is easily visualized and its cross-sectional 

area measured to assess for impingement (12). 

E Hands 

E A potential gamekeeper’s thumb can be assessed with a 
cautious dynamic exam. 

E Extensor and flexor tendons are readily assessed. 

E First carpometacarpal joints are easily assessed for 
arthropathies. 





EVIDENCE FOR USE OF ULTRASOUND IN 
SPORTS MEDICINE 





E Although there are hundreds of studies in the peer-reviewed 
medical literature demonstrating the benefit of US both 
in diagnosis and for procedure guidance, included in the 
remaining section of this chapter are several studies that 
address clinical questions that are pertinent to physicians 
seeking to adopt US into their practice. 

US improves clinical efficiency. A retrospective record re- 
view of 1,012 patients treated by MSK and sports physicians 
over a 10-month period by Sivan et al. (9) concluded that 
the use of clinic-based MSK US enables a one-stop approach, 
reduces repeated hospital appointments, and improves qual- 
ity of care in an outpatient MSK clinic. 

E The question of clinical outcomes from US-guided injec- 
tions was addressed by Sibbitt et al. (8) in a randomized 
controlled study of 148 painful joints that were randomized 
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to intraarticular corticosteroid injection by conventional 
palpation-guided or sonographic image-guided injection. 
Relative to conventional palpation-guided methods, sono- 
graphic guidance resulted in 43% reduction in procedural 
pain (P > 0.001), 58% reduction in absolute pain scores at 
the 2-week outcome (P > 0.001), 75% reduction in signifi- 
cant pain (P > 0.001), and 62% reduction in nonresponder 
rate. Sonography also increased detection of effusion by 
200% and volume of aspirated fluid by 337%. The authors 
concluded that sonographic guidance significantly improved 
clinical outcomes (8). 

E Naredo et al. (7) concluded that US-guided subacromial 
injection resulted in improved pain (as assessed on a visual 
analog scale) and shoulder function assessment scores at 
6 weeks versus clinically guided injections (P < 0.001) . 

E The need for US guidance for standard injections such as 
knee injections has been questioned. In a prospective series 
of 240 consecutive injections in patients without clinical 
knee effusion, Jackson et al. (4) tested the accuracy of clini- 
cally guided intraarticular knee injections by an experienced 
orthopedic surgeon. Accuracy rates for needle placement 
were confirmed with fluoroscopic imaging to document the 
dispersion pattern of injected contrast material. Of 80 injec- 
tions performed through an anterolateral portal, 57 were 
confirmed to have been placed in the intraarticular space 
on the first attempt (an accuracy rate of 71%). The authors 
demonstrated the difficulty of accurately placing a needle 
into the intraarticular space of the knee when an effusion is 
not present. They concluded that their study highlights the 
need for clinicians to refine injection techniques for deliver- 
ing intraarticular therapeutic substances that are intended to 
coat the articular surfaces of the knee joint (4). 


E Curtiss et al. (2), in their study of US-guided versus clini- 
cally guided injections into the suprapatellar pouch of the 
knee (an approach that does not risk injury to the carti- 
lage surfaces by the needle), concluded that the US-guided 
knee injections that use a superolateral approach are very 
accurate in a cadaveric model, whereas the accuracy of pal- 
pation-guided knee injections that use the same approach 
is variable and appears to be significantly influenced by cli- 
nician experience. Their findings suggest that US guidance 
should be considered when one performs knee injections 
with a superolateral approach that require a high degree of 
accuracy (2). 


E US is comparable to MRI in the detection of rotator cuff 
tears. In their prospective study of 124 patients, Teefey 
et al. (11) compared the accuracy of the two tests (MRI vs. 
US) for detection and measurement of the size of rotator 
cuff tears, with arthroscopic findings used as the standard. 
They concluded that US and MRI had comparable accuracy 
for identifying and measuring the size of full-thickness and 
partial-thickness rotator cuff tears (11). 

E Ziswiler et al. (12), in their prospective study of 110 pa- 
tients, determined the largest cross-sectional area of the 
median nerve at the carpal tunnel and compared this to 
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nerve conduction studies (NCS) and clinical signs and 
symptoms. They concluded that measurement of the 
nerve cross-sectional area was diagnostically as accurate as 
NCS and can be used to rule-in or rule-out carpal tunnel 
syndrome (12). 





RESOURCES 





American Institute of Ultrasound in Medicine (free resource): 
E Located at: http://www.aium.org 


E Discussion forums, practice guidelines 


European Society of Musculoskeletal Radiology (free resource): 
E Located at: http://www.essr.org 
E Technical guidelines 


American Medical Society for Sports Medicine (membership 
restricted): 


E Located at: http://www.amssm.org 


E Business plan, protocols, practice cases, listing of training 
courses 


University of Michigan Health System (free resource): 


E Located at: http://www.med.umich.edu/rad/muscskel/mskus/ 
index.html 


E Tutorials 


RadiologyInfo.Org (free resource): 


E Located at: http://www.radiologyinfo.org/en/info.cfm?pg= 
musculous 


E Patient information 


Musculoskeletal Ultrasound (free resource) 
E Located at: http://www.mskus.com 
E Protocols, listing of training workshops 
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INTRODUCTION 





E Electrodiagnostic (EDX) testing can be a useful tool in the 
evaluation of athletes with neurologic problems (1,26). 

E Although clinical recognition of patterns of pain and sen- 
sory or motor abnormalities is the first step toward the 
identification of a nerve problem, EDX testing can augment 
the clinical examination to better localize and characterize 
neuropathology (2). 

E A thorough EDX consultation integrates the history, physi- 
cal examination, and selected nerve conduction and electro- 
myographic studies into a meaningful diagnostic conclusion. 

E Whereas imaging studies identify structural abnormalities, 
EDX studies evaluate the physiology and function of the 
peripheral nervous system. 

E A negative EDX examination does not rule the possibility of 
pathology because electrophysiologic studies are time and 
severity dependent (1,2). 

E Clinical judgment is used in EDX; therefore, EDX studies are 
highly dependent on the quality of the electromyographer 
(7,11,12). 

E This chapter will describe the pathophysiology of nerve inju- 
ry and associated chronology of electrophysiologic findings, 
as well as describe the components of an EDX evaluation. 

E EDX testing involves both nerve conduction studies (NCS) 
and needle examination (NE). The NE is also referred to as 
electromyography (EMG). 

E The purpose of this chapter is to provide the clinician a basis 
for ordering EDX consultations and understanding proper 
EDX reports. 





ANATOMY 





E EDX studies evaluate the peripheral nervous system or lower 
motor neuron pathway (11,12). 

E Standard EDX studies typically give little information regard- 
ing central nervous system pathology (upper motor neuron 
pathway). 

E The components of the peripheral nervous system include 
afferent sensory nerves and efferent motor nerves. 
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Sensory (Afferent) Pathway 


Cutaneous receptors > sensory axons > pure sensory or 
mixed nerves > nerve plexus (e.g., brachial plexus, lumbosa- 
cral plexus) > cell bodies in the dorsal root ganglion (usually 
within intervertebral foramina) > dorsal roots synapse in the 
dorsolateral spinal cord. 

This pathway is evaluated during NCS of pure sensory or 
mixed nerves. 


Motor (Efferent) Pathway 


Anterior horn cell (spinal cord) > spinal nerves, subsequent- 
ly dividing into ventral and dorsal rami. Ventral rami > 
nerve plexus > peripheral motor nerve > neuromuscular 
junction > muscle fibers. Entire pathway is referred to as a 
motor unit. 

This pathway is evaluated during NCS of motor or mixed 
nerves, from the point of stimulation to the recording site. 
Individual motor units can be evaluated during NE with 
voluntary muscle activation. 





PATHOPHYSIOLOGY OF NERVE INJURY 





Peripheral nerves can either be myelinated or unmyelinated. 
Myelinated fibers conduct much more rapidly by way of 
saltatory (“jumping”) conduction, in which depolarization 
occurs only at interspersed nodes of Ranvier, allowing cur- 
rent to jump from node to node (2). 

NCSs evaluate the fastest-conducting fibers within a given 
nerve; typically, these are the A alpha myelinated fibers. 


Seddon Classification 


Divides peripheral nerve injury into neurapraxia, axonotme- 
sis, and neurotmesis (Table 20.1). 


Neurapraxia 


Neurapraxia is a comparatively mild injury that affects only 
the myelin sheath and causes focal conduction slowing or 
conduction block as a result of current leakage between 
nodes of Ranvier (32). Although the myelin is injured, the 







Table 20.1 | Classification of Nerve Pathophysiology (2) 
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Type Pathology EDX Correlation Prognosis 
Neurapraxia Myelin injury CV slowing across segment Recovery in weeks 
DL prolonged across segment to months 
Loss of amplitude proximal but not distal 
NE normal 
Axonotmeses Axonal injury with variable stromal Loss of amplitude distal and proximal Longer recovery and more variable 


disruption 


NE shows spontaneous activity 


NE shows abnormal voluntary motor units 


Neurotmeses Severance of entire nerve 


No waveform with proximal or distal stimulation 


Poor recovery, surgery required 


NE shows spontaneous activity 
NE shows no recruited motor units 





CV, conduction velocity; DL, distal latency; NE, needle examination. 


nerve fibers remain in axonal continuity. This results in 
motor or sensory loss from impaired conduction across the 
demyelinated segment. However, impulse conduction is nor- 
mal in the segments proximal and distal to the injury, where 
the myelin remains intact. 


E Demyelination is typically seen with focal nerve entrap- 
ments (e.g., carpal tunnel syndrome). It may also occur in 
peripheral polyneuropathies either as a patchy process (e.g., 
Guillain-Barré syndrome) or a diffuse process (e.g., diabetic 
peripheral neuropathy). 

E Runners often experience neurapraxic injury of the tibial 
nerve branches with putative tarsal tunnel syndrome due to 
repeated traction injury with the foot in pronation (2,21). 


Axonotmesis and Neurotmesis 


E Axonotmesis and neurotmesis refer to axonal injury with 
Wallerian degeneration of nerve fibers disconnected from 
their cell bodies. These types of injuries result in loss of nerve 
conduction at the site of injury and distally. Axonotmetic 
injuries involve damage to the axon, with some preservation 
of the surrounding stroma (endoneurium, perineurium, 
epineurium), whereas neurotmetic injuries imply complete 
disruption of the enveloping nerve sheath (2,32). 

E EDX studies typically cannot distinguish axonotmesis from 
neurotmesis. 

E Athletes can experience axonal injury with conditions such 
as radiculopathy. 





SPECIFIC ELECTRODIAGNOSTIC 
STUDIES 





E EDX studies typically consist of NCS and NE. 


B® Each part of the evaluation has its own strengths and short- 
comings; therefore, it is imperative that a well-trained con- 
sultant performs EDX studies and can recognize sources of 
error during testing (1,2). 


Nerve Conduction Studies 


E NCSs may be performed on motor, sensory, or mixed nerves. 


E There are numerous pitfalls associated with performing 
NCSs (Table 20.2). Both motor and sensory NCSs test only 
the fastest, myelinated axons of a nerve; thus, the lightly my- 
elinated or unmyelinated fibers (e.g., C pain fibers) are not 
examined (7,18,19). 

E Motor nerves are stimulated at accessible sites, and the com- 
pound motor action potential (CMAP) is recorded over the 
motor points of their target muscles. Motor points represent 
regions of high concentration of neuromuscular junctions, 
typically in the central muscle belly. 


E Deep motor nerves and deep proximal muscles are more 
difficult to study and interpret (15). 

E Sensory nerves can be studied along the physiologic direc- 
tion of the nerve impulse (orthodromic) or opposite the 
physiologic direction of the afferent input (antidromic). 

E A stimulated sensory nerve produces the recorded sensory 
nerve action potential (SNAP). 

E Frequently, sensory nerves are tested within mixed nerves, 
such as the plantar nerves, and produce a mixed nerve action 
potential (MNAP). 

E CMAP, SNAP, and MNAP waveforms are analyzed and 
interpreted by the clinician. 


Table 20.2 | Sources of Error with Nerve 


Conduction Studies (1,2) 








Temperature 

Inadequate or excessive stimulation 

Improper placement of electrodes 

Tape measurement error 

Not adjusting values for age 

Anomalous innervation 

Volume conduction of impulse to nearby nerve 
Improper filter settings 

Improper electrode montage setup 

Involuntary muscle contractions 
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E Waveform parameters include amplitude, latency, and con- 
duction velocity. 

ŒE Amplitude evaluates the number of functioning axons in a 
given nerve and, for motor nerves, the number of muscle 
fibers activated. 

E Latency refers to the time (milliseconds) from the stimulus 
to the recorded action potential. 


E With motor NCSs, latency accounts for peripheral nerve con- 
duction (distal to the site of stimulation), neuromuscular 
junction transition time, and muscle fiber activation time (12). 

E With sensory nerves, latency measures only the conduc- 
tion time within the segment of nerve stimulated. Conduc- 
tion velocity is calculated by dividing the distance travelled 
between a distal and proximal stimulation site by the impulse 
conduction time. 


Late Responses 


E Whereas routine NCSs typically evaluate distal nerve seg- 
ments, late responses, such as the H reflex and F wave, travel 
the full length of a nerve. 


H Reflex 

E The H reflex is the electrophysiologic analog to the ankle 
stretch reflex. It measures afferent and efferent conduction 
along the S1 nerve root pathway (16). 

E A latency difference of at least 1.5 milliseconds is significant 
in most laboratories. 


E Amplitude of < 50% compared with the uninvolved side is 
also significant. 

E Because the amplitude of this reflex is sensitive to contrac- 
tion of the plantar flexor muscles, amplitude changes with- 
out associated latency abnormalities should be interpreted 
with caution (31). 

E The H reflex evaluates the afferent and efferent pathway; 
thus, it gives information about the sensory pathway that is 
not tested on NE. 


E The S1 nerve injury can be due to S1 radiculopathy from 
a herniated disc or lumbar stenosis, peripheral neuropathy 
(usually with bilaterally abnormal H reflexes), or sciatic/ 
tibial nerve injuries (2). 


F Wave 


E The F wave is a late muscle potential that results from a mo- 
tor nerve volley created by supramaximally stimulated ante- 
rior horn cells (16). Thus, the F wave represents conduction 
up and down a motor nerve, without any sensory afferent 
contribution. 

E Unlike the H reflex, the F wave can be elicited at many spinal 
levels and from any muscle. 

E Like the H reflex, F wave studies examine long nerve path- 
ways, which consequently obscure small focal abnormalities. 

E Abnormalities of F wave values may be due to injury any- 
where along the pathway evaluated; thus, specificity may be 
limited. 
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Magnetic Stimulation 


E Proposed by some as an alternative to electrical stimulation 
for peripheral NCS (5,33). 

E Potential advantages over conventional electrical stimulation 
are less discomfort with stimulations and improved access to 
deeper nerve segments, including roots of the lumbosacral 
plexus and the proximal sciatic nerve (5). 


E Utility remains extremely limited due to inability to reliably 
produce a controlled focal stimulus and reproduce maxi- 
mum amplitude CMAPs, which hinders detection of focal 
conduction block (28,34). 


Needle Examination 


E Evaluates the entire motor unit (lower motor neuron path- 
way), but not the sensory pathway. 


E Assesses muscles at rest (to detect potential axonal injury) 
and with volitional activity (to evaluate voluntary motor 
unit morphology and recruitment) (9). 

E Needs to be timed such that abnormalities are optimally 
detected. 

E If performed too early (i.e, < 2-3 weeks after the initial 
injury), spontaneous muscle fiber discharges (denervation 
potentials) may not have had time to develop (2). 


E If performed too late (i.e., > 6 months after the initial injury), 
reinnervation from collateral sprouting may have stabilized 
the muscle membrane and halted spontaneous muscle fiber 
discharges (31). 

E At rest, the electrical activity of selected muscles is studied for 
abnormal spontaneous waveforms. Of these, the most com- 
mon are fibrillation potentials and positive sharp waves. They 
are found when the muscle tested has been denervated (12). 

E Fibrillations and positive sharp waves are graded on a scale 
from 0 to 4+ (Table 20.3). 


ŒE Complex repetitive discharges (CRDs) are also common 
and represent ephaptic spread of a spontaneous discharge 
(“cross-talk”) from a single muscle fiber to neighboring 
fibers. CRDs may be present in the setting of longstanding 
cycles of denervation and reinnervation. 

E Fasciculation potentials represent spontaneous discharges 
of an entire motor unit; thus, they are much larger than 


Table 20.3 | Grading of Fibrillations and 


Positive Waves 








Grading Characteristics 
0 No activity 
1+ Persistent (longer than 1 second) in 2 muscle regions 
2 Persistent in 3 or more muscle regions 
3+ Persistent in all muscle regions 
4+ Continuous in all muscle regions 





fibrillations and positive waves and can sometimes be grossly 
observed as muscle twitches. They can be found in a vari- 
ety of benign or malignant conditions. Benign fasciculations 
may be found in runners following heavy exercise, dehydra- 
tion, anxiety, fatigue, coffee consumption, or smoking (1,2). 
With muscle activation, motor unit action potentials 
(MUAPs) may be analyzed. Motor unit analysis provides op- 
portunity to distinguish between neuropathic and myopathic 
processes based on MUAP morphology and recruitment 
pattern differences (1,2). 

NE also may help differentiate acute from chronic neuro- 
pathic conditions. 


The amplitude of fibrillation potentials can grade nerve inju- 
ry as occurring for less than or more than 1 year (with smaller 
potentials for the latter) (23). This can be particularly helpful 
in identifying an athlete’s acute on chronic nerve injury. 
Chronic nerve injuries, without significant ongoing denerva- 
tion, may additionally show large-amplitude, long-duration, 
polyphasic MUAPs (31). 


Provocation Electrodiagnostics 


Some authors advocate performing EDX testing after exer- 
cise or with the limbs in provocative positions. These tech- 
niques have still not been validated with sound research and 
are subject to measurement error (1,2). 


Anecdotally, these techniques may have limited use in certain 
circumstances, such as peroneal nerve entrapments in run- 
ners detected only with EDX testing following exercise (24). 
Runners diagnosed with chronic exertional compartment 
syndrome and potential nerve entrapment (e.g., superficial 
peroneal nerve entrapment as it exits the fascia of the lateral 
compartment) have also been postulated to need EDX test- 
ing following exercise (3). 

Some suggest that electrophysiologic evidence of piriformis 
syndrome is more apparent when an H reflex is performed 
with the sciatic nerve on stretch (hip flexed to 90 degrees, 
maximally adducted, and knee flexed to 90 degrees) (17). 


Studies of other peripheral nerves have not supported the no- 
tion that EDX sensitivity is improved in dynamic positions 
(27). Spuriously slow and fast nerve conduction velocity can 
be recorded with the limb in various positions, most famous- 
ly described with ulnar nerve studies around the elbow (6). 
These techniques need to be interpreted with caution be- 
cause many “abnormal” readings occur based on measure- 
ment error alone. 


Dynamic or Quantitative Electromyography 


Demonstrates the sequence of muscle recruitment and mus- 
cle force for a given activity; in this capacity, only available in 
specialized gait laboratories (1,2). 

Employs surface or needle electrodes to record EMG signals 
through multiple channels. Fine wire electrodes may be used 
to record signal from deeper muscles. 
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E Caution should be used in correlating EMG amplitude with 
muscle force generated because the relationship is not con- 
sistently linear (4). 

E In research, quantitative EMG has also been used to assess 
degree of muscle fatigue and biomechanics of sports activi- 
ties or adaptations following injury (such as knee mechanics 
after anterior cruciate ligament tear) (15,20). 

E The kinesiology of the running gait has been elucidated 
with dynamic EMG. The gluteal muscles and hamstrings are 
more active in running than in walking, particularly at the 
termination of swing phase in preparation for foot strike. 
The quadriceps and posterior calf group also work during 
a greater proportion of the swing and stance phases of run- 
ning compared to walking. The calf muscle in particular be- 
comes much more active as the speed of gait increases (25). 

E Surface EMG can be used as a biofeedback technique in 
runners to improve their running biomechanics (i.e., the 


use of hip extensors may be trained with the use of surface 
EMG) (2). 





INDICATIONS FOR ELECTRODIAGNOSTIC 
TESTING 





E The utility of EDX testing in a given athlete can be estimated 
following a thorough history and physical examination, by a 
review of supplemental information (e.g., imaging studies), 
and through an appreciation for the chronology of the electro- 
physiologic changes that occur following nerve injury (1,2). 

E Some useful generalizations about the indications for EDX 
testing are discussed below (7,31,32): 

E Establish and/or confirm a clinical diagnosis: 

1 EDX study can rule in a suspected diagnosis or rule 

out a competing diagnosis. 





4 EDX may alert the examiner to the possibility of an 
unsuspected concomitant pathologic process (e.g., 
an athlete with tarsal tunnel syndrome and superim- 
posed radiculopathy). 

E Localize nerve lesions: 

4 Nerve injury location often needs to be objectively 
confirmed prior to contemplating invasive or surgical 
treatment. 





4 For example, an athlete presenting with plantar sur- 
face numbness and tingling may have a sciatic nerve 
lesion anywhere along the course of the sciatic nerve 
or its branches. 

1 EDX studies can be used to localize the injury within 

the nerve roots, plexus, or peripheral nerves. 

E Determine the extent and chronicity of nerve injury: 

4 Properly timed EDX studies can differentiate a neura- 
praxic injury from axonal degeneration. This may have 
a significant impact on the aggressiveness of treatment 
for the nerve injury. 
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able 20.4 | Timing of Wallerian Degeneration, Nerve Recovery and EDX Findings with Axonal Injury (1,2) 















































Time Nerve Degeneration Nerve Recovery NCS Correlate NE 
Day 0 None None Proximal-recorded segment Decreased recruitment 
: ; A b. 1; distal t CMAP 
Day 3 NMJ impaired Nodal and terminal sprouts DATSE AN aes 
normal 

Day 9 Motor axons lost Decreased distal segment CMAP Increased insertional activity 

Day 11 Sensory axons lost 

Day 14 See nerve recovery Decreased distal segment SNAP Large denervation potentials in 
proximal muscles 

Day 21 Increased fiber density Denervation potentials in distal 
muscles 

Week 6-8 Axonal sprouting CMAP/SNAP increasing back Nascent reinnervation potentials 

lease t d: il 

Week 16 Axonal regrowth 1mm/day ee Maturing reinnervation proximal 
muscles 

Week 20 Maturing reinnervation distal muscles 

Year 1 Smaller denervation potentials 

Year 2 Muscle no longer viable 

















NCS, nerve conduction study; NE, needle examination; NM, neuromuscular junction; CMAP, compound muscle action potential; SNAP, sensory nerve action potential. 


4 The acuteness and chronicity of a nerve lesion may 
also be assessed using fibrillation amplitude measure- 
ment and motor unit analysis, as well as clinical his- 
tory (23). 

E Correlate findings of anatomic studies: 

1 Because EDX studies examine nerve physiology, they 
can provide a correlate of nerve function within a re- 
gion of structural pathology found on imaging studies. 





oO 


This may be particularly useful in the spine where struc- 

tural pathology, such as disc herniations effacing nerve 

roots, can be seen in asymptomatic individuals (22). 

E Assist in prognosis and return to play (see following 
section). 


Nerve Recovery and Return to Play 


By determining the degree of nerve injury, the clinician can 
predict nerve recovery (1,32). 

In general, neurapraxic injuries recover sooner than axonal 
injuries. 

NCSs can determine if neurapraxic injury is present. 

Motor CMAP amplitudes of weak muscles can be compared 
to the asymptomatic side to estimate the extent of injury. 
A side-to-side difference of > 50% is probably significant. 
NE of volitional motor units can also help predict prognosis. 
If no motor units are detected during the early stages and 
NCSs do not reveal conduction block, a severe axonal injury 
is present and full recovery is unlikely. 

After a couple of months, motor unit analysis can indi- 
cate reinnervation by means of terminal reorganization or 
sprouting from preserved axons (1,32). 


EDX studies should not be the sine qua non for return to play 
because they may lag behind clinical recovery. 

The best determination of return to play remains the athlete’s 
functional performance in simulated sports activities (15). 


Timing of Electrodiagnostic Testing 


When ordering EDX studies, the timing of findings should 
be kept in mind (Table 20.4) (1,2). 

With traumatic injuries, serial EDX studies, including an im- 
mediate study, may be helpful to thoroughly determine the 
extent of injury. 

EDX studies performed before postinjury day 9 may show 
normal distal segment motor nerve conduction parameters 
(or before postinjury day 11 in the case of sensory nerve 
conduction). 

EDX testing performed around the 1-month mark can help 
quantify the number of surviving axons. 


NE findings can take from 2 to 6 weeks to manifest. 





LIMITATIONS OF ELECTRODIAGNOSTIC 
TESTING 





EDX testing has limitations and should not be performed in 
every athlete with neurologic signs and symptoms (1,2). 


Some diagnoses are unequivocal, and treatment should be 
initiated without delay (e.g., progressive neurologic deficits, 
such as after traumatic posterior knee dislocation, requir- 
ing emergent care. The results from EDX will not change 
management.). 


E The clinician must also understand that the probability of a false- 
positive result increases with the number of tests performed 
(e.g., the probability of obtaining one false-positive result out of 
five tests is 12%, and increases to 20% with nine tests) (11). 

E EDX findings always need to be considered in the full clinical 
context, and EDX impressions should emphasize patterns of 
abnormalities, rather than isolated findings. 

E Relative to other body regions, EDX evaluation of the foot 
more often yields less definitive results (2). 


E Some authors report NE abnormalities in the intrinsic foot 
muscles of asymptomatic subjects (29), but recent analy- 
sis indicates this may only occur 0%—2% of the time (13). 
Therefore, NE of the foot intrinsics (e.g., abductor hallucis 
and extensor digitorum brevis) could be considered in the 
EDX evaluation for suspected nerve entrapment in the foot 
and ankle region (29). 

E Relative contraindications to EDX testing include pacemaker 
(no Erb’s point stimulation), arteriovenous fistula, open 
wound, coagulopathy, lymphedema, anasarca, and pending 
muscle biopsy (1,2,12). 





SPECIFIC CONDITIONS 





Œ Many pain complaints in athletes present as neurologic signs 
and symptoms (e.g., numbness or tingling and focal weak- 
ness in the foot). 

E Although most runners do not complain of symptoms of 
neuropathy, they do appear to have subclinical changes in 


CHAPTER 20 Electrodiagnostic Testing 133 


nerve physiology in the lower leg and foot: increased vibra- 
tory sensory thresholds and delayed nerve conduction ve- 
locities (8,14). Some runners do present with symptoms and 
sign of focal nerve entrapments (2) (Table 20.5). 

Athletes with nerve pain describe a burning, shooting, tin- 
gling, numb, and/or electric quality to their pain. Athletes 
commonly present with tibial or peroneal nerve problems 
that can be evaluated by EDX techniques. 


Tibial Nerve 


Specific techniques exist to evaluate the tibial nerve and its 
terminal branches (29). 


The tibial nerve has four terminal branches: (a) medial plan- 
tar nerve, (b) lateral plantar nerve, (c) inferior calcaneal 
nerve, and (d) medial calcaneal nerve (29). 

The medial plantar nerve is easily tested as a motor NCS, 
stimulating at the tibial nerve proximal to the medial mal- 
leolus and recording over the abductor hallucis. 

The lateral plantar motor nerve study is performed by stimu- 
lating the tibial nerve proximal to the medial malleolus and 
recording over the flexor digiti minimi. 

The inferior calcaneal motor nerve study is performed to the 
abductor digiti minimi pedis. 

The medial calcaneal nerve can be studied as a sensory nerve 
antidromic study with the recording electrode placed over 
the skin of the medial calcaneus. 

The sensory components of the medial and lateral plantar 
nerves may be practically tested with a mixed nerve study. 


Table 20.5 | Focal Entrapment Neuropathies Seen in Runners (2) 


Syndrome/Nerve Symptoms 


Entrapment Site 





E Tarsal tunnel syndrome (tibial nerve proper) 


Plantar pain/paresthesias 


Under flexor retinaculum 


Worse at night and with prolonged standing 


or walking 


At medial heel 


Medial calcaneal neuritis 
Inferior calcaneal nerve (first branch of 


lateral plantar nerve) 


Medial plantar nerve (Jogger’s foot) 
Morton’s toe (interdigital nerve) 


Superficial peroneal nerve 


Deep peroneal nerve (anterior tarsal tunnel) 


Common peroneal nerve 


Sural nerve 


Medial heel pain 


Chronic heel pain 
No numbness 
Weakness of ADM 


Medial arch pain (hypertrophy of AH) 
N/T in toes 


Lateral ankle pain 
Fascial herniation 


Dorsum of foot pain 
Tightly laced shoes 


N/T in lateral leg, dorsum of foot 


Posterolateral calf pain, worse with physical 
exertion 


Between AH and QP or calcaneal heel spur 


At master knot of Henry 
At intermetatarsal ligament 


At deep crural fascia as exits lateral 
compartment 


At inferior extensor retinaculum 


Compression in fibular tunnel by fibrous edge 
of peroneus longus 
Traction from ankle sprains 


Superficial sural aponeurosis 





ADM, abductor digiti minimi; AH, abductor hallicus; N/T, numbness/tingling; QP, quadratus plantae. 
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The medial and lateral plantar nerves are stimulated indi- 
vidually at the plantar aspect of the foot, and the SNAP is 
recorded posterior to the medial malleolus. 


Peroneal Nerve 


The peroneal nerve’s motor and sensory components can be 
consistently studied with NCS. 

The motor nerve study is performed by stimulating the pe- 
roneal nerve at the ankle, the fibular head, and the popliteal 
fossa. Recording is usually over the extensor digitorum bre- 
vis; however, the anterior tibialis can be used as an alternative 
and may have more functional significance (10). 

The sensory nerve study is performed by stimulating the su- 
perficial peroneal branch as it exits the lateral compartment 
and recording over the ankle. 


Tarsal Tunnel Syndrome 


EDX evaluation is often used to confirm and localize sus- 
pected tarsal tunnel syndrome. 


NCSs for tarsal tunnel syndrome include: (a) tibial motor 
study to abductor hallucis and abductor digiti minimi pedis, 
(b) medial and lateral plantar mixed nerve study, and (c) me- 
dial and lateral plantar sensory study (30). 

Abnormal plantar nerve SNAP response is thought to be the 
most sensitive finding but is nonspecific (30). 

Focal tibial motor abnormalities are thought to be specific 
when present. 

Mixed nerve study of the medial and lateral plantar nerves 
may be the most sensitive and specific test for tarsal tunnel 
syndrome. 

NE of the foot intrinsics may offer additional useful infor- 
mation (29). 





ELECTRODIAGNOSTIC REPORT 





The EDX report should include a number of important 
pieces of data for the referring physician. 

The electrophysiologic findings should correlate with the 
physical findings, and any discrepancies should be identified. 
Inconsistencies may have as much importance in the clinical 
treatment of the patient as consistent results (1,2). 


Also, the degree of definitiveness of the findings needs to 
be conveyed to the referring physician. A diagnosis of S1 
radiculopathy by H reflex alone will carry different weight 
than abundant spontaneous activity in the S1 myotomal 
distribution. 

One abnormal finding does not make the diagnosis if all 
other evidence is pointing to a different diagnosis (11). 


When possible, the report should include (1,2): 


E Sufficient evidence to rule out alternative possibilities 
and to identify superimposed conditions 


E The degree of injury and chronicity 
E Prognostic information 


E Comparison with previous EDX data 





SUMMARY 





E EDX studies (including NCS and NE) serve as an extension 
of the physical exam to better characterize and localize nerve 
injury. 

E EDX studies evaluate the physiology and function of the 
largest fibers of the peripheral nervous system (lower motor 
neuron pathway). 

E NCSs attempt to localize peripheral entrapment neuropa- 
thies by identification of conduction block (focally decreased 
amplitude or conduction slowing) and can often differen- 
tiate demyelination (prolonged latency/slow conduction 
velocity) from axonal injury (low amplitude). 

E Neurapraxic injuries are limited to the nerve myelin and 
tend to have more rapid recovery than axonal injuries. 


E NE can identify patterns of denervation from axonal injury, 
including information about chronicity. Acute denervation 
changes include abnormal spontaneous activity, such as 
fibrillations and positive sharp waves. Chronic changes may in- 
clude long-duration, large-amplitude, or polyphasic MUAPs. 

E The timing of EDX study is important. Although immediate 
study after a trauma can provide useful information (such as 
presence of conduction block), some NE abnormalities may 
take 2—6 weeks to manifest. 

E Although EDX studies are considered reliable for detecting 


nerve pathology, they are dependent on the quality of the 
examiner. 
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Exercise Testing 


Russell D. White and George D. Harris 








INTRODUCTION 





E Various anatomic, electric, and physiologic tests are used in 
evaluation of the heart. The exercise test (ET), formerly the 
exercise stress test (EST), endures as one of the few valuable 
and practical physiologic tools to evaluate cardiac perfusion 
and function under controlled conditions. With the advent 
of newer cardiovascular imaging techniques, many physi- 
cians have moved away from this traditional physiologic 
test, but numerous evidence-based guidelines as established 
by the American College of Cardiology (ACC)/American 
Heart Association (AHA), as well as the American College 
of Sports Medicine” (ACSM), have shown that many of the 
new technologies do not necessarily have better diagnostic 
characteristics than the standard ET (21). 

E ET is useful for diagnosis of ischemia (sensitivity of 50%—70%, 
specificity of 80%-90%), prognosis of known cardiac disease, 
and exercise prescription (21,24). 

ŒE When performing an ET, one should understand its physi- 
ology, indications, contraindications, and interpretation, 
with special consideration given to athletes whose abnormal 
responses may, in fact, be normal variations. 





EXERCISE TEST TERMINOLOGY 





E It is essential to understand the basic ET terminology prior 
to performing the test: 

E PR segment: The isoelectric line from which the ST seg- 
ment and the J point are measured at rest. With exercise, 
the PR segment slopes downward and shortens in dura- 
tion, at which point the PQ junction becomes the point 
of reference for determining the ST segment. 

E J point: The point that distinguishes the QRS complex 
from the ST segment; the point at which the slope 
changes; the point against which the ST segment devia- 
tion (depression or elevation) is measured. 

E ST segment: ST segment level is measured relative to 
the PQ junction. If the baseline is depressed, the devia- 
tion from that level to the level during exercise or recov- 
ery is measured. The ST segment is measured at 60 or 
80 milliseconds after the J point. (At ventricular rates 
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> 145 bpm, it is measured at 60 milliseconds after the 
J point) (20,25). 

VOomax: The greatest amount of oxygen a person can 
use while performing dynamic exercise involving a large 
part of their muscle mass. This is a function of a person’s 
functional aerobic capacity and defines the limits of the 
cardiopulmonary system. It is defined by the Fick equa- 
tion, which incorporates both heart rate (HR) and stroke 
volume (SV): 


VOomax = Maximum cardiac output X Maximum 
arteriovenous O; difference 


Voces = (HR max x SV imas) x (CaOomax ~~ CvOomax) 


VOomax is defined by a central component (cardiac out- 
put), which describes the capacity of the heart to function 
as a pump, and by peripheral factors (arteriovenous- 
oxygen difference), which describe the capacity of the 
lungs to oxygenate the blood delivered to it and the ca- 
pacity of the working muscles to extract this oxygenated 
blood (39). Many factors affect each of these variables. 

4 HR is affected most importantly by age and (220 — 
age) + 12 beats (1 standard deviation [SD]) gives a 
good estimate of maximum HR (HR max). However, in 
medicine, we use 2 SDs, which renders an extremely 
wide range. The scientific method for determining the 
individual HR,»ax is to perform an ET on the individ- 
ual. HR is also affected by activity type, body position, 
fitness level, presence of heart disease, medications, 
blood volume, and environment (27). 

l SV is affected by factors such as genetics, conditioning 
(heart size), and cardiac disease. In normal subjects, an 
increase in both end-diastolic and end-systolic volume 
occurs in response to moving from an upright, at rest 
position to a moderate level of exercise. End-systolic 
volume decreases progressively as exercise intensifies 
in order to maintain SV. At peak exercise, end-diastolic 
volume may even decline. 

4 Arterial oxygen content is related to the partial pres- 
sure of arterial oxygen, which is determined in the 
lung by alveolar ventilation and pulmonary diffusion 
capacity and in the blood by hemoglobin content. In 
the absence of pulmonary disease, arterial oxygen con- 
tent and saturation generally remain similar to resting 
values throughout exercise, even at high levels (39). 


4 Venous oxygen content is determined by the amount 
of blood flow directed to the muscle and by capillary 
density. Muscle blood flow increases with exercise not 
only because of increased cardiac output, but also be- 
cause of the preferential redistribution of the cardiac 
output (> 85% of total cardiac output) to the exercis- 
ing muscle. A decrease in local and systemic vascular 
resistance also facilitates greater skeletal muscle flow. 
Finally, there is an increase in the overall number of 
capillaries with ongoing physical training (39). 

E Metabolic equivalents (METs): A convenient measure 

for expressing oxygen uptake. One MET is a unit of sit- 

ting, resting oxygen requirements (3.5 mL O; - kg body 
weight/min). 

4 1 MET = Basal O, requirements (e.g., sitting, lying) 

4 5 METs = Energy cost for activities of daily living; 
poor prognosis for anginal patients; consider cathe- 
terization 

4 10 METs = Similar prognosis with medical treat- 
ment versus interventional therapy in coronary artery 
disease (CAD) 

4 13 METs = Excellent prognosis regardless of other 
exercise responses 

1 18 METs = Elite athletes 

E Myocardial oxygen consumption: The “double product,” 
an indirect measurement of myocardial oxygen consump- 
tion, measures the product of maximum or peak HR and 
systolic blood pressure (32). Angina normally occurs at the 
same double product rather than at same external work- 
load. A normal value is considered greater than 25,000. 








PERFORMING THE EXERCISE TEST 





Indications 


E The three major cardiopulmonary reasons for ET relate to di- 


agnosis, prognosis, and therapeutic prescription (25,28,45). 





CLASS | 





ŒE Conditions for which there is general consensus that ET is 


justified: 

E To assist in the diagnosis of CAD in those adult patients 
with an intermediate (20%-80%) pretest probability of 
disease 

E To assess functional capacity and to aid in the prognosis 
of patients with known CAD 

E To evaluate the prognosis and functional capacity of 
patients with known CAD soon after an uncomplicated 
myocardial infarction (MI) 

E To evaluate patients with symptoms consistent with 
recurrent, exercise-induced cardiac arrhythmias 
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CLASS Il 





E Conditions for which ET is frequently used but in which 


there is a divergence of opinion regarding medical effective- 

ness of ET: 

E To evaluate asymptomatic males > 45 years (females > 
55 years) with special occupations 

E To evaluate asymptomatic males > 45 years (females > 
55 years) with two or more cardiac risk factors 

E To evaluate asymptomatic males > 45 years (females 
> 55 years) who plan to enter a vigorous exercise 
program 

E To assist in the diagnosis of CAD in adult patients with a 
high or low pretest probability of disease 

E To evaluate patients with a class I indication who have 
baseline electrocardiogram (ECG) changes 





CLASS Ill 





E Conditions for which there is general agreement that ET is of 


little or no value, inappropriate, or contraindicated: 

E To assist in the diagnosis of CAD in patients with left 
bundle branch block (LBBB) or Wolff-Parkinson-White 
(W-P-W) syndrome on a resting ECG 

E To evaluate patients with simple premature ventricular 
contractions (PVCs) on a resting ECG with no other 
evidence for CAD 


E To evaluate men or women with chest discomfort not 
thought to be cardiac in origin 
The above classes group the indications based on risk 
according to ACSM guidelines. Patients are categorized 
into low-, moderate-, and high-risk groups prior to begin- 
ning an exercise program. Risk stratification is based on 
age, sex, presence of CAD risk factors, major symptoms 
of disease, or known heart disease (1,19) (Tables 21.1 
and 21.2). 
Low risk: Asymptomatic younger individuals (men < age 45 
years; women < age 55 years) and no more than one risk 
factor from Table 21.1. 
Moderate risk: Older individuals (men age = 45 years; 
women age = 55 years) or those individuals with = two risk 
factors from Table 21.1. 
High risk: Individuals with one or more signs or symptoms 
from Table 21.2 or known cardiovascular, pulmonary, or 
metabolic disease. 
In addition, level of activity is divided into low, moder- 
ate (3-6 METS or 40%-60% of VOmax) and vigorous 
(> 6 METS or > 60% of VOomax) exercise. Clinicians use 
these factors to recommend which patients need an ET (1): 
E Low-risk individuals do not need an ET regardless of 
level of activity. 
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Table 21.1 | Atherosclerotic Cardiovascular Disease (CVD) Risk Factor Thresholds for Use with ACSM 


Risk Stratification 


Positive Risk Factors 


Defining Criteria 


Evaluation of the Injured Athlete 








Age Men > 45 years; women > 55 years 


Family history 


Myocardial infarction, coronary revascularization, or sudden death before 55 years of age in father or other male 


first-degree relative, or before 65 years of age in mother or other female first-degree relative 





Cigarette smoking Current cigarette smoker or those who quit within the previous 6 months or exposure to environmental tobacco smoke 

Sedentary lifestyle Not participating in at least 30 minutes of moderate-intensity exercise (40%-60% VO,R) physical activity on at 
least 3 days of the week for at least 3 months 

Obesity Body mass index = 30 kg - m° or waist girth > 102 cm (40 inches) for men and = 88 cm (35 inches) for women 

Hypertension Systolic blood pressure > 140 mm Hg and/or diastolic blood pressure = 90 mm Hg, confirmed by measurements 
on at least two separate occasions, or on hypertensive medication 

Dyslipidemia Low-density lipoprotein cholesterol = 130 mL - kg—' + min—') or high-density lipoprotein (HDL) cholesterol 
< 40 mL - kg—'- min—' or on lipid-lowering medication. If total serum cholesterol is all that is available, 
use = 200 mL - kg—! - min—!. 

Prediabetes Impaired fasting glucose = fasting plasma glucose > 100 mL - kg—' - min—' but < 126 mL : kg—! + min—' or 
impaired glucose tolerance = 2-hour values in oral glucose tolerance test > 140 mL - kg—' - min—' but less 
than 200 mL - kg—! - min—! confirmed by measurements on at least two separate occasions 

Negative Risk Factor Defining Criteria 


High-serum HDL cholesterol = 60 mL = kg—'- min—! 





SOURCE: American College of Sports Medicine. ACSM’s Guidelines for Exercise Testing and Prescription. 8th ed. Baltimore (MD): Lippincott Williams & Wilkins; 2010. p. 28. 


E Moderate-risk individuals should have an ET prior to 
beginning vigorous exercise only. 


E High-risk individuals need an ET before any moderate or 
vigorous activity. 

E Risk stratification of patients for diagnosis of CAD divides 
patients into those with typical angina, atypical angina, non- 
anginal chest pain, or no chest pain. There are also special 
disease groups (e.g., diabetes mellitus) that have specific in- 
dications for testing (6,7,29,41). The Duke Treadmill Score 
has been validated in persons with diabetes (34). 


Table 21.2 | Major Signs or Symptoms Suggestive 


of Cardiovascular, Pulmonary, or 
Metabolic Disease 








1. Pain or discomfort (or other anginal equivalent) in the chest, neck, 
jaw, arms, or other areas that may result from ischemia 


2. Shortness of breath at rest or with mild exertion 
3. Dizziness or syncope 

4. Orthopnea or paroxysmal nocturnal dyspnea 

5. Ankle edema 

6. Palpitations or tachycardia 

7. Intermittent claudication 

8. Known heart murmur 


9. Unusual fatigue or shortness of breath with usual activities 





SOURCE: American College of Sports Medicine. ACSM’s Guidelines for Exercise Testing 
and Prescription. 8th ed. Baltimore (MD): Lippincott Williams & Wilkins; 2010. p. 26-7. 


Contraindications 


E In some individuals, there may be contraindications to per- 
forming the procedure. 

Absolute Contraindications 

Acute MI 

A recent significant change in ECG 

Unstable angina 

Rapid ventricular or atrial arrhythmias 

History suggesting medicine toxicity 

Severe aortic stenosis 

Uncontrolled congestive heart failure (CHF) 

Suspected dissecting aortic aneurysm 

Active myocarditis or pericarditis 

Active thrombophlebitis 

Recent embolism 


Active infection 


Uncooperative patient 


Relative Contraindications 

E Risks of performing procedure may outweigh benefits. 
E Uncontrolled tachyarrhythmias or bradyarrhythmias 

Frequent ventricular ectopic activity 

Untreated pulmonary hypertension 

Resting systemic blood pressure (BP) > 200/110 


Ventricular aneurysm 


Moderate aortic stenosis/hypertrophic cardiomyopathy 


Marked cardiac enlargement 
Uncontrolled metabolic disease 
Chronic infectious disease 
Known left main artery disease 


Electrolyte abnormalities 


Neuromuscular, musculoskeletal disorders that prohibit 
exercise or are exacerbated by exercise 


Special Considerations 


There are special situations in which the physician must 
evaluate the patient carefully before undertaking ET or 
should consider an alternative test. For example, a post— 
cerebrovascular accident patient may be unable to exercise 
and require a chemical test for evaluation. Other special situ- 
ations fall into one of three groups: conduction disturbances 
(atrioventricular [AV] blocks, LBBB, W-P-W) (25), medica- 
tion effects (8-blockers, calcium channel blockers, digoxin) 
(1), and special clinical situations (unstable hypertension, 
previous MI, known CAD) (4). With either chemical or ex- 
ercise testing, one may couple imaging modalities (echocar- 
diography or nuclear scanning) (28). 


Physician Responsibilities 


During exercise testing, the physician’s responsibilities in- 
clude the following. 


Pretest Patient Evaluation and Clearance 


Review of medical history including recent symptoms, car- 
diac risk factors, and previous exercise testing 


Pertinent clinical exam, including a cardiac exam to evaluate 
for murmurs or gallops 


Clarification of ET indications and exclusion of those 
patients with contraindications 


Obtaining a resting baseline ECG and evaluation for 
abnormalities 


Consent of patient and documentation of risks versus benefits 


Protocol Selection 


The selected protocol must be customized to the individual 
patient to allow 8-12 minutes of exercise (22). The physician 
must decide whether the patient needs a maximal or sub- 
maximal test. Most information is obtained from perform- 
ing a maximal test where a true peak, individual, maximal 
HR is achieved, rather than an age-predicted maximal HR. If 
one chooses a symptom-limited maximal test, the patient is 
in control, and ultimate information is obtained. If the ECG 
and BP are normal and the patient follows the Borg Scale 
of perceived exertion, minimal risk is posed for the patient. 
Examples of exercise protocols include the following: 


E Bruce (most common, extensive research database) 
E Modified Bruce (less rigorous) 


E Balke-Ware (smaller workloads, used in cardiac/older 
patients) 
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E Ramp (most accurate; excellent correlation with VOomax 
determinations; slow, continuous increase in workload) 


E Cycle or arm ergometry (if unable to use treadmill) 





PERFORMING THE TEST 





E A pretest checklist should be instituted that includes an 


equipment and safety check, consent and pretest assessment, 

supine and standing ECGs, BP measurements, and protocol 

selection (45). During the ET, the patient should be moni- 

tored continuously along with ECG and BP readings at each 

stage. The patient should be alerted to stage changes, and the 

test should be terminated when the patient reaches maxi- 

mal effort or exhibits clinical signs requiring termination of 

the test: 

E Absolute indications for termination of ET: 

4 Acute MI 

Onset of progressive angina or angina equivalents 

Exertional hypotension with increasing workload 

Serious dysrhythmias (e.g., ventricular tachycardia) 

Signs of poor perfusion (pallor, cyanosis, nausea or 

cold, clammy skin) 

Central nervous system symptoms (ataxia, vertigo, 
visual or gait problems) 


0O O O 


4 Failure of increasing HR with increasing workload 

d Technical problems or equipment failure 

1 Patient requests to stop 

E Relative indications for termination of ET 

4 Pronounced ECG changes from baseline, including 
more than 2 mV of horizontal or downsloping ST seg- 
ment depression or 2 mV of ST segment elevation 
Progressive or increasing chest pain 

Pronounced fatigue or dyspnea 

Wheezing 

Leg cramps or intermittent claudication 

Hypertensive response (systolic BP > 250 mm Hg or 
diastolic BP > 115 mm Hg) 

1 Less serious dysrhythmias such as supraventricular 
tachycardia 

4 Exercise-induced bundle branch block that cannot be 
distinguished from ventricular tachycardia 


Coouceoco 





1 Moderate chest pain, claudication, or dyspnea 


E Recovery includes either immediately placing the patient 


in the supine position or allowing a “cool-down walk” 

for 5-6 minutes and then placing the patient in a chair. 

Maximal test sensitivity is achieved with the patient supine 

after exercise. 

E Auscultate for abnormal heart sounds such as a new- 
onset heart murmur or third heart sound. 


E Auscultate lungs for any evidence of exercise-induced 
bronchospasm that might cause chest pain 

E Obtain BP and ECG at 1 minute and then every 2 minutes 
thereafter (10,43,44). 
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E Carefully monitor patient for 8—10 minutes until clini- 
cally stable and ECG has returned to normal. 

E Monitor carefully for any recovery-only ST segment 
depression (33). 





INTERPRETATION OF THE TEST 





E Interpreting the ET involves much more than describing 
whether the test was “positive” or “negative” for ischemia. 
The written report should include the HR and BP response, 
the presence or absence of symptoms, any dysrhythmias, the 
functional aerobic capacity, ECG changes, and the presence 
or absence of myocardial ischemia (3,14,17). 


Heart Rate Response 


E An increase in HR occurs with aerobic exercise second- 
ary to a withdrawal of vagal tone and an increase in sym- 
pathetic tone. The increase is linear and correlates with 
workload and oxygen uptake. The maximum HR should 
be reported as a percentage of the predicted maximal 
HR (220 — age). The failure of the HR to elevate above 
120 with maximum exercise is defined as chronotropic 
incompetence and suggests possible underlying CAD. 
Chronotropic incompetence is an independent predictor 
of mortality (13,35). Abnormal HR recovery (HRR), de- 
fined as the failure of the HR to decrease by 12 bpm during 
the first minute in recovery, portends an increased mortal- 
ity for the patient (10). 


Blood Pressure Response 


E As work increases, there is a corresponding increase in the 
systolic BP that peaks at maximum exercise. A decrease in 
systolic BP during exercise is very suggestive of ischemic dys- 
function of the myocardium (23). Diastolic BP remains the 
same or decreases. An increase in diastolic BP of > 10 mm Hg 
is abnormal and can be considered a hypertensive response 
to exercise. The postexercise systolic BP response has also 
been described. A 3-minute postexercise systolic BP/peak 
systolic BP ratio > 0.90 is considered abnormal with a diag- 
nostic accuracy of 75% for CAD and comparable to that of 
ST segment depression (43,44). 


Signs and Symptoms 


E The presence or absence of symptoms such as chest pain, 
claudication, or exercise-induced wheezing should be men- 
tioned in the report. Patients with exercise-induced angina 
have been shown to have a worse prognosis compared to pa- 
tients with only ST depression (12). Therefore, these patients, 
even in the absence of ECG ischemic changes, should be re- 
garded as having a test “suggestive of myocardial ischemia.” 
The rating of perceived exertion (RPE) is valuable to mea- 
sure during exercise testing because it correlates well with 


HR and VOymax. The nonlinear Borg Scale (RPE) assigns a 
number of 0-10, with the higher number indicative of more 
difficult exertion (8). 


Dysrhythmias/Conduction Disturbances 


Ectopy or dysrhythmias that occur during the ET should 
be mentioned on the report. Unifocal PVCs are seen fre- 
quently during testing and are not necessarily specific 
for myocardial ischemia, although, if frequent, they may 
increase the long-term risk of cardiovascular death in 
asymptomatic patients (15,16,31). High-grade ectopy 
(couplets, mutiform/multifocal PVCs, ventricular tachy- 
cardia) is more suggestive of severe ischemic heart dis- 
ease and higher mortality than those without ectopy (9). 
Supraventricular dysrhythmias (atrial fibrillation/flutter) 
require termination of the test and further intervention. 
Intracardiac blocks can occur before, during, or after 
testing, and advanced forms of AV block (Mobitz II and 
higher) are abnormal. Bundle branch blocks occur very 
infrequently with exercise and require further evaluation, 
especially LBBB, which may portend an increased mortal- 
ity if structural heart disease is present (15,16). 


Aerobic Capacity 


The ET can either measure the maximal functional aerobic 
capacity (VOzmax) by direct gas analysis or estimate it from 
workload performed in a maximal test. A nomogram is used 
to convert minutes (or METs) into VOomax. The results can 
then be compared with standard tables of fitness levels for 
age and sex (2). 


Electrocardiographic Responses to 
Exercise Testing 


ST segment changes are the most common signs of ischemia. 
ST segment depression represents subendocardial ischemia, 
and one cannot anatomically localize the ischemia based on 
ECG location/changes of the ST depression. ST segment el- 
evation represents transmural ischemia, and the location of 
the anatomic ischemia does correlate with associated ECG 
changes. 


Normal Responses with Exercise 


The PR segment shortens and slopes downward in the in- 
ferior leads. The QRS complex may show increased Q wave 
negativity and a decrease in R wave amplitude with an in- 
creased S wave depth. The J point becomes depressed with 
exercise. If already elevated at rest, it will commonly normal- 
ize. The T wave decreases in amplitude, and the ST segment 
develops a positive upslope that returns to baseline within 
60-80 milliseconds. 


Abnormal Responses with Exercise 


ST segment depression: This is the hallmark of ischemia and 
a positive test (see next section). 


E ST segment normalization: ST segments that are depressed 
and return to normal (pseudonormalization) are suggestive 
of ischemia. 

ŒE ST segment elevation: In patients without a prior history 
of MI, consider acute MI (if accompanied by chest pain) or 
serious transmural ischemia involving proximal high-grade 
stenosis of the left anterior descending artery or right coro- 
nary artery. This may also be seen with severe coronary artery 
spasm (Prinzmetal angina) (14). ST elevation over Q waves 
in patients with a previous history of an MI suggests areas of 
dyskinesis or ventricular aneurysm (18). 

E U wave inversion: U wave inversion during exercise is sug- 
gestive of ischemia. 


Final Determination for Myocardial Ischemia 


E One of four descriptions should appear in the patient’s writ- 
ten report to represent the final determination for myocar- 
dial ischemia (14,20,33,42). 

E Positive 

4 Horizontal ST segment depression that is = 1 mm at 
60-80 milliseconds past the J point 

1 Downsloping ST segment depression that is = 1 mm 
at the J point or J + 20 milliseconds 

 Upsloping ST depression that is = 1.5 mm depressed 
at 80 milliseconds past the J point 

E Suggestive 

4 Horizontal ST segment depression between 0.5 and 
1 mm at 60-80 milliseconds past the J point 

Q Upsloping ST segment depression between 0.7 and 

1.5 mm at 80 milliseconds past the J point ST eleva- 

tion between 0.5 and 1.0 mm 

Exercise-induced hypotension 

Chest pain occurring with exercise typical of angina 

Frequent, high-grade, ventricular ectopy 

A new third heart sound or murmur at peak exercise 

Abnormal 1-minute HRR or 3-minute systolic BP 

response in recovery 

4 Recovery-only ST segment depression 

4 Normalization of abnormal ST segments/T wave 
inversion 


m Man a 


E Negative 
T Above criteria are not met and the patient exercised to 
at least 85% of maximum predicted HR. 


E Inconclusive 

1 The patient does not reach 85% of maximum predicted 
HR and there is no evidence of ischemia based on the 
above criteria. (Confirm the patient is not on B-blockers 
or does not have chronotropic incompetence.) 








CLINICAL DECISION MAKING 





E Physicians can use the results of the ET to guide them in the 
management of their patients. This approach should include 
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a probability statement of CAD and a prediction of severity 
of CAD, prognosis of the likelihood of future adverse events 
in a patient based on the exercise treadmill score or Duke 
Treadmill Score, the functional capacity of the patient, and 
an exercise prescription. 


Probability of Coronary Artery Disease 


E The ET has a role in the diagnosis of CAD, with an overall 


75% sensitivity and 80% specificity. Froelicher and Myers 

(24) found that combining standard exercise testing with an 

evidence-based score strategy (e.g., Duke Treadmill Score) 

yielded an 85% sensitivity, 92% specificity, and 88% predic- 
tive accuracy. These data confirm ET as an excellent screen- 
ing test for CAD. The predictive value, however, depends on 
the prevalence of CAD in the population tested. It is, there- 
fore, imperative to determine a pretest probability of CAD in 

a patient and then use the results of the ET to determine a 

new posttest likelihood. ET has the greatest value in individ- 

uals who have a pretest probability between 20% and 80% 

(11). Diamond and Forrester (12) have created tables to pre- 

dict the pretest/posttest likelihood of disease based on age, 

sex, and clinical symptoms. Two examples serve to illustrate 
this point: 

E A 40-year-old male with atypical angina has a pretest 
probability of about 35%. If he has between 1 and 2 mm 
of ST depression on ET, his posttest probability of CAD 
becomes nearly 70%, a much more significant risk eluci- 
dated by ET. 

E A 40-year-old female with atypical angina has a pre- 
test probability of less than 10%. If she has between 1 
and 2 mm of ST depression, her posttest probability 
of CAD still is less than 20%, and little is gained from 
the ET. 


Prediction of Severity of CAD 


E A suggestive or positive written report may be used to further 


manage patients by predicting the severity of CAD. Upslop- 
ing, horizontal, and downsloping ST depression correlate re- 
spectively with a worsening extent of CAD. The following are 
important ET predictors of severe CAD (26): 


E ST depression > 2.5mm 
E ST depression beginning at low workload, < 5 METS 


E Downsloping configuration (99% predictive of CAD) or 
ST elevation 


Prolonged ST depression lasting > 8 minutes into rest 
Global ST depression 

Serious dysrhythmias at low HR (< 130 bpm) 

U wave inversion 

Low workload ability, < 5 METs 

Exercise-induced hypotension 


Chronotropic incompetence 


Anginal symptoms 
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E ST depression only at high workloads (HR > 160 bpm or 
changes only after stage [V—Bruce protocol at 12 minutes) 
correlates with a low mortality and good prognosis in pa- 
tients. In fact, the ability to exercise at > 13 METs has a good 
prognosis regardless of the ECG changes. Many cardiologists 
recommend repeating the ET in 6 months without further 
workup in these patients (26). 


Exercise Treadmill Score 


E This tool supports the above concepts by assigning a score to 

determine prognosis and applies to either inpatient or out- 
patient populations (36,37): 
Exercise treadmill score (Duke Treadmill Score) 5 Exercise 
duration (minutes) — 5 X ST deviation (mm) — 4 X tread- 
mill angina index; (treadmill angina index = 0 if no exercise- 
associated angina, 1 for exercise-associated angina, and 2 for 
exercise-limiting angina) 

E Ifthe score is up to +5 or greater, the patient has a very good 
prognosis and can be followed safely with regular ET. The 
5-year survival for this group is 97%. 


E If the score is —10 to +4, the patient has an intermediate 
prognosis. 

E A patient in the high-risk group (treadmill score of —11 or 
less) has a poor prognosis, with a 5-year survival rate of 72%. 
The ET score is thus valuable for prognosis and should be 
calculated in all patients undergoing CAD evaluation. 


Exercise Prescription (4,5,25) 


E The ET can assist in writing the exercise prescription. 
A maximum symptom-limited test establishes a baseline 
fitness level and establishes a parameter for improving fit- 
ness. The ACSM recommends exercise intensities between 
55% and 90% of HRmav OF 50%-85% of V Ozmax: The con- 
ditioning range for most adults to improve cardiorespira- 
tory fitness is between 70% and 85% of HRmax (65%—80% 
V Omax). 





SPECIAL CONSIDERATIONS IN ATHLETES 





E There are no specific indications for testing athletes, although 
they are tested for diagnosis of CAD, fitness evaluation, gen- 
erating an exercise prescription, and guiding training. The 
Bruce protocol, with gas exchange, to establish a VOomaxs iS 
most often employed. The Astrand, Costill, or ramp proto- 
cols may also be used (38,40). 

E Athletes manifest many differences compared with the 
general population both clinically and on ECG. They com- 
monly have increased ventricular volume and mass along 
with sinus bradyarrhythmias. It is not uncommon to see 
certain ECG findings such as first-degree AV blocks, right 
axis deviation, ventricular hypertrophy with repolarization 
abnormalities, or incomplete right bundle branch block. 


All these findings are normal variants known as the athletic 
heart syndrome (30). 

Interpretation of the ET in this population incorporates the 
same criteria as the general population; however, because of 
the variants stated above, there is a greater probability of a 
false-positive test. 





SUMMARY 





The ET remains a valuable tool for diagnosing CAD, evaluat- 
ing prognosis, and developing an exercise prescription. By 
implementing the test appropriately, the primary care physi- 
cian can enhance its validity and usefulness in clinical deci- 
sion making. 
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Gait Analysis 








INTRODUCTION 





E The ultimate goal of gait analysis is to understand the 
complex relationships between an individual’s capabilities/ 
impairments and the person’s gait pattern, so as to enhance 
performance while preventing injury (2). 

E Our gait cycle is unique to humans, forming the building 
block for all motion from walking to running. 

E The complexity of gait physiology has been made more 
evident as technology advances, allowing providers to exam- 
ine minute abnormalities in detail to fine-tune performance. 


E Gait analysis is also used to understand the effects of both 
internal and external biomechanical factors. Modern gait 
analysis techniques can be used to evaluate for subtle muscle 
weaknesses and flexibility deficits while also evaluating the 
effects of shoes and orthoses on the gait pattern. 

E Gait can be analyzed in multiple different ways, but with ad- 
vancing technology, providers have become more and more 
reliant on the use of video and computer analysis software. 
Advances in technology have allowed for the identification 
of minute discrepancies, yielding an improved ability to help 
patients. 

ŒE Gait analysis techniques are actively used in rehabilitation 
protocols, most notably after stroke, in amputee care, in pe- 
diatric rehabilitation for children with cerebral palsy, and for 
the fine-tuning of elite athletes (4). 





GAIT CYCLE 





E The basic unit of walking and running is the gait cycle, or 
stride. Perry (9) described various temporal and functional 
variables within the gait cycle, which has become a standard 
reference to describe gait. 

E Walking gait cycle timing is primarily divided into double 
support and single support phases. 

E When focusing on each leg’s activity, the cycle is divided into 
the stance and swing periods, which begin at initial and final 
contact of the foot, respectively. 


ŒE When focusing on functional aspects of gait, the walking 
gait cycle can be divided into three functional tasks: weight 
acceptance, single limb support, and limb advancement, with 
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the first two occurring during stance and the third occur- 
ring primarily during swing. The tasks are further sub- 
divided into eight phases: weight acceptance comprises 
initial contact and loading response; single-limb support 
comprises midstance, terminal stance, and preswing; and 
limb advancement comprises initial swing, midswing, and 
terminal swing. 


Temporal-spatial gait parameters consist of the following: 
stride time refers to the time from initial contact of one foot 
to initial contact of the same foot; step time refers to the time 
from initial contact of one foot to initial contact of the op- 
posite foot; and stride length and step length refer to the dis- 
tances traversed during the respective times. Gait velocity is 
the ratio between stride length and stride time. Cadence of 
gait refers to the stride (or step) frequency (i.e., the number 
of strides [or steps] per unit of time). 


Temporal-spatial parameters can be effectively measured 
during either walking or running with pressure mats (cellular 
mats measuring foot pressure), force platforms (dynamo- 
meters sensing ground reaction forces in time), and mo- 
tion analysis (system of stereophotogrammetric cameras for 
three-dimensional reconstruction of body motion, including 
foot contact timing). Temporal, but not spatial, parameters 
can be measured with foot switches (on/off devices detecting 
foot contact timing). 


Temporal-spatial features of walking and running differ 
substantially. During walking, at least one foot is always on 
the ground, whereas during the majority of running, neither 
foot is in contact with the ground. Although walking has two 
double-support phases, running has two phases of double 
float during the swing period. The percentages of time in 
stance and swing are reversed in walking and running: about 
60% and 40%, respectively, for walking and about 40% and 
60%, respectively, for running (7,9). During normal walk- 
ing at an average walking speed, each double-limb support 
time comprises approximately 10% of the gait cycle, whereas 
single-limb support comprises about 40%. Typical values (5) 
of temporal gait parameters in healthy young adults, walking 
comfortably on a level surface, are summarized in Table 22.1. 
At slower walking speeds, double-limb support times are 
greater. Conversely, with increasing walking speeds, double- 
limb support time intervals decrease. Walking becomes run- 
ning when there is no longer an interval of time in which 
both feet are in contact with the ground. 


Typical Values of Some Temporal and 


Spatial Walking Gait Variables 








Temporal/Spatial Variable Average Value 
Velocity (m - min ') ~80 
Cadence (steps © min ') 113 
Stride length (m) 1.41 
Stance (percent of gait cycle) ~60 
Swing (percent of gait cycle) ~40 
Double support (percent per leg per gait cycle) ~10 








KINEMATICS 





E The kinematics (motion) of an individual while walking 
or running can be effectively assessed by modeling the in- 
dividual’s body as a multibody system. A multibody system 
is composed of links (body segments) and joints between 
the links. The kinematics of the system is completely known 
when orientation and position of each of its segments are 
known. Joint angles are obtained from the kinematics of 
both joint distal and proximal segments. Joint angular ve- 
locities are obtained from the joint angles and refer to the 
rapidity of variation of such angles. Joint accelerations are 
similarly obtained from joint velocities. 

E Each segment possesses a center of mass (CoM). A whole- 
body CoM can also be defined as the point at the center of 
the body mass distribution. As segments move, the whole- 
body CoM moves. Its position in time is important for both 
balance and energy-related issues (2). 

Æ With quantitative three-dimensional gait analysis, joint an- 
gles throughout the gait cycle are described with respect to 
flexion/extension, abduction/adduction, and internal/exter- 
nal rotation (6). CoM position in time is expressed in verti- 
cal, anterior-posterior, and mediolateral time histories. 


E Both joint and CoM kinematics are obtained from the 
instantaneous three-dimensional position of markers at- 
tached on the individual’s body segments. 

E Joint kinematics patterns during running differ somewhat 
from the patterns during walking. Hip flexion/extension 
and abduction/adduction ranges are wider in running 
(about 60 and 15 degrees, respectively) than in walking 
(about 40 and 10 degrees, respectively) (7,9). Hip and 
knee full extension is reached only during walking. Maxi- 
mum knee flexion is higher in running (about 90 degrees) 
than walking (about 60 degrees). Ankle joint angle ranges 
are greater in running (about 50 degrees) than in walking 
(about 30 degrees). 

E During walking, the CoM trajectory reaches its highest point 
in stance when its speed is minimum. During running, the 
CoM trajectory reaches its maximum height during the dou- 
ble floating phase, at which time its velocity is maximum. 


CHAPTER 22 Gait Analysis 145 





KINETICS 





Kinetics is defined as the study of forces and moments that 
cause movement. 


Ground reaction forces refer to the forces exerted on the foot 
during foot contact. They are measured with force platforms 
embedded in the ground, over which the individual walks or 
runs. The center of the distribution of these forces is called cen- 
ter of pressure. Knowing segment kinematics and ground reac- 
tion forces, in addition to some segment characteristics such as 
mass and CoM location, it is possible to estimate joint kinet- 
ics (joint forces and moments). Joint moments refer to forces 
applied at a distance from a joint and are expressed as either 
external (due to the ground reaction force, gravity, and iner- 
tia) or internal (due to internal structures including muscle, 
ligamentous, and bony structures). Joint powers indicate the 
rate of work operated by the joint muscles and are obtained by 
multiplying the joint moment by the joint angular velocity. 

To measure ground reaction forces and center of pressure 
trajectory, one force platform per foot contact is sufficient. 
To measure joint kinetics, a combination of measurements 
synchronously obtained from force platforms and a motion 
analysis system is necessary. 

The vertical ground reaction force typically demonstrates an 
initial peak at the very first contact of the heel and then a 
force absorption and a force generation phase. During walk- 
ing, in addition to a peak at initial contact at the heel, the 
pattern of the vertical reaction force shows two maxima— 
one during the force absorption phase and another during 
the force generation phase. During running, a single maxi- 
mum is present that divides absorption from generation. In 
running, maximum and minimum values are dependent on 
the speed of the runner. The amplitude of the pattern during 
running can be threefold the amplitude during walking (7). 

Sagittal ankle joint moment (flexion/extension moment) 
patterns in running and walking are similar. In running, the 
joint moment activity is faster (shorter stance phase) and 
more intense (greater maximum amplitude). Knee sagittal 
moment in running demonstrates higher amplitude after 
initial contact than during walking. Hip sagittal moment 
patterns are similar during walking and running, except for 
the amplitude, which is greater in running (7). 

Ankle, knee, and hip power patterns during walking are very 
similar to those obtained during running; however, the ampli- 
tudes of power absorption and generation are directly related 
to the individual speed (greater powers for higher speeds). 





DYNAMIC ELECTROMYOGRAPHY 





Knowledge of the activation phases of the main lower limb 
muscles, in association with the joint moment patterns, can 
provide an effective description of overall gait function. 
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Figure 22.1: Biomechanical activity during various phases of the gait cycle (7). 


Although joint moments provide information regarding the 
effect of action of all the muscles involved, the knowledge 
of the activation patterns allows us to discriminate in time 
the muscle groups that are responsible for the observed joint 
moment (9). 

Surface electromyography (EMG) is the most common 
method for detecting muscle activity during gait. Current 
dynamic EMG systems allow one to detect EMG signals from 
up to 16 muscles at a time, which can be synchronized to 
both motion analysis systems and force platforms. 
Activation patterns of lower limb muscles during a running 
gait cycle are different from those observed during a walk- 
ing gait cycle with respect to both timing and duration of 
activity. Figure 22.1 illustrates the phases of muscle activity 
during running. In general, muscle activity during running 
begins earlier in the swing period and lasts for a relatively 
longer time during the stance period. During walking, the 
quadriceps are active at the end of swing through 25% of the 
stance period, while during running and sprinting, they con- 
tinue to be active through 50%-100% of the stance period. 
Similarly, the hamstrings are active earlier in swing during 





running and continue nearly to the end of the stance period, 
while in walking, they cease activity early in stance. The ankle 
dorsiflexors during walking are active from late stance until 
early stance, while during running, they continue to be active 
through midstance. During walking, the ankle plantar flexors 
are active only during stance from loading response or mid- 
stance to terminal stance, while in running, they are active in 
terminal swing through midstance to terminal stance (9). 





OXYGEN CONSUMPTION 





E Measurement of oxygen consumption is typically obtained 


with pulmonary gas exchange devices, which are usually 
wearable and can be used outside a laboratory. Respiratory 
volumes of oxygen (O2) and carbon dioxide (CO2) can be 
monitored during the execution of the motor task. 

The measurement of oxygen consumption provides in- 
formation regarding the economy of gait. Walking energy 
expenditure per unit of distance is highly dependent on walk- 
ing speeds. At natural walking speed, energy expenditure is 


lower than at both lower and higher speeds. In running, this 
dependency is not as evident. In both running and walking, 
the highest energy expenditure per distance unit occurs at 
slower speed. 





GAIT EVALUATION 





E Clinically meaningful information can be obtained from the 
wealth of data gathered from the measurement instruments 
and analysis techniques reported here. By relating EMG, 
kinetic, and kinematic patterns, it is possible to describe and 
evaluate the function of gait at a local level (7e., the joint). 
By combining CoM time histories and more complete seg- 
mental kinematic information with oxygen consumption 
measurements, an overall evaluation of the energetics of gait 
at a global level is possible. 

E While during walking the total energy (kinetic plus poten- 
tial) is almost constant throughout the cycle, in running the 
potential and the kinetic energies are in phase (i.e., when one 
is minimum or maximum, so is the other), which means 
that energy is periodically stored and released. This action 
is performed mainly by the muscle tendons, which behave as 
springs activated by the relevant muscles. 

E In analyzing gait (in particular, an atypical gait pattern or 
an effect of a shoe type, brace, musculoskeletal injury, or 
impairment), at least two distinct qualities need to be con- 
sidered. The first is energetics (i.e., how does the pattern, 
shoe, etc., affect energetics); this can be measured directly 
with oxygen consumption and indirectly with CoM calcula- 
tions and by observing if EMG activities are consistent with 
kinetic needs. The second is risk for biomechanical injury 
(i.e., how does the pattern affect risk over time, for ligamen- 
tous, muscle, tendon, cartilage, or bone injury); this is best 
estimated with joint kinetics, in particular joint moments, 
which may be higher than normal, indicating a greater risk 
for biomechanical injury. 


Videotaped Observational Gait Analysis 


E Videotaped observational gait analysis (VOGA) techniques 
can assist in the identification of minute discrepancies that 
are not visible in real-time analysis by clinical observation. 

B® VOGA starts with the placement of reflective tape, or other 
markers, on key landmarks of the human body. Common- 
ly used landmarks are listed in Table 22.2 and depicted in 
Figure 22.2. 

E VOGA is conducted through a scripted protocol with 
differing views across all phases of gait during both walking 
and running. Table 22.3 represents a sample taping protocol. 


ŒE Provider analysis of videotaped results is of variable re- 
liability based on degree of training and experience of the 
provider. Advances in computer software make VOGA more 
reliable in the detection of fine abnormalities. (1) 
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| Table 22.2 | Retroflective Taping Landmarks 





Position Body Part Landmark 
Lateral Head Zygomatic arch 
Shoulder Acromion 
Elbow Lateral epicondyle 
Wrist Ulnar styloid 
Hip Greater trochanter 
Knee Central femoral condyle 
Ankle Fibular malleolus 
Foot Lateral border parallel 
to floor 
Posterior Lower back Posterior sacroiliac spine 
Knee Popliteal fossa 
Lower leg Bisection of distal third 
of tib/fib 
Foot Calcaneal bisection 
Anterior Hip Anterior sacroiliac spine 
Patella Midpoint 


Lower leg Tibial tuberosity 


Foot Midline of second 
metatarsal 





Dartfish Technologies has produced a gait analysis software 
package that is currently in use by multiple British sports 
teams, U.S. Colleges, and the U.S. Special Olympic and Para- 
lympic Training Center (3). Initial results provided through 
case studies are promising, but there are no current peer- 
reviewed publications evaluating Dartfish Technologies soft- 
ware in the application of gait analysis at this time. 


VOGA presents a systematic approach toward identifying 
pathology in runners. After the systematic identification 
and taping of landmarks and the conduction of a taping ses- 
sion protocol, the trained provider must perform an analy- 
sis of the video footage. This is best performed by working 
through the footage from the feet to the head and in all phas- 
es of motion (static, walking, and running). Using Dartfish 
Technologies software, needed measurements will be pro- 
vided; however, in the absence of the software, the provider 
must make measurements and comparisons by hand. Angles 
between retroflectively taped landmarks are the most com- 
mon measurements needed and the most likely to yield fine 
abnormality findings. 

Subtle pathology can easily be detected using a strict VOGA 
protocol. For example, an abnormality in the symmetrical 
movement pattern of the shoulders is suggestive of a contra- 
lateral lower extremity injury; arm movements that cross the 
midline are suggestive of pelvic rotation; excessive vertical 
displacement of the head, more than 4 cm, during heel lift is 
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Figure 22.2: Placement of retroflective tape on bony landmarks. 


Table 22.3 | Taping Session Protocol 





Static posture: head to feet Lateral view 
Anterior — 10 seconds Head to feet — 30 seconds 
Lateral — 10 seconds Hips to feet — 30 seconds 
Posterior — 10 seconds Anterior view (optional) 
Posterior view Head to feet — 30 seconds 
Head to feet — 30 seconds Hips to feet — 30 seconds 
Hips to feet — 30 seconds Lower leg and feet — 30 seconds 


Lower leg and rear foot 
Shoes on — 30 seconds 
Shoes off (walking) — 30 seconds 


Shoes off (running) — 30 seconds 





suggestive of a leg length discrepancy; forward leaning while 
running is indicative of weak back musculature or tight hip 
flexors; external rotation of the hip during the gait cycle is 
indicative of tight hip flexors, whereas excessive internal 
rotation is indicative of piriformis syndrome; close exami- 
nation of knee flexion when cushioned can differentiate 
between quadriceps and hamstring weaknesses; and lastly, 
close examination of foot range of motion and flexibility 
through the gait cycle can help differentiate between gastroc- 
soleus problems, metatarsalgia, plantar fasciitis, and hallux 
limitus (8). Of course, these are just a few examples of the 
power of VOGA because it is impossible to describe every 
identifiable abnormality here. 

In addition to traditional two-dimensional imaging and the 
newer Dartfish Technologies software, three-dimensional 
multiplanar imaging for gait analysis has hit the market- 
place. As of today, there is no peer-reviewed literature on 
three-dimensional gait analysis, but preliminary work 
shows no significant difference in its ability to detect fine 
abnormalities compared with two-dimensional imaging or 
Dartfish Technologies software (6). 
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INTRODUCTION 





E Exertional leg pain is a common complaint in the running 
athlete. The differential diagnosis includes stress fracture, 
tibial stress reaction such as periostitis or medial tibial stress 
syndrome (shin splints), tendonitis, nerve compression or 
entrapment, and chronic exertional compartment syndrome 
(CECS). 

E Although a classic history may suggest the diagnosis of 
CECS, an exercise challenge and measurement of compart- 
mental pressures are essential to confirm the diagnosis. 

E Intracompartmental pressure measurement is the most clin- 
ically useful test to rule out or confirm CECS as the etiology 
of exertional leg pain. 





COMPARTMENT SYNDROMES 





E Compartment syndrome exists when tissue pressures are 
elevated in a restricted fascial space, resulting in decreased 
perfusion causing nerve and muscle ischemia. 


E Compartment syndromes in the athlete can occur in two 
forms, acute and chronic. The distinction between the two is 
in the reversibility of the ischemic insult. 

E In acute compartment syndrome, the ischemia is irrevers- 
ible and rapidly leads to tissue necrosis unless emergently 
decompressed via fasciotomy. 


E Most commonly occurs with acute trauma (fracture) or 
soft tissue/muscle injury (crush injury, rhabdomyolysis). 


E A clinical diagnosis is made by historical and physical 
examination findings. Characteristic findings include 
pain out of proportion to injury, presence of paresthesias 
and sensory deficits, tense and swollen compartment on 
palpation, decreased or loss of active motion, and severe 
pain with passive stretch. 

E Treatment is emergent surgical decompression via fasci- 
otomy. 

E If doubt exists as to the diagnosis in the acute presenta- 
tion, intracompartmental pressure measurements may 
be indicated prior to emergent fasciotomy. 

E Resting intracompartmental pressure of > 30 mm Hg is 
the generally accepted level that can be associated with 
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decreased blood flow and resultant muscle and nerve 
ischemia (2). 

CECS involves reversible ischemia that is exercise induced 

and occurs at a predictable distance/intensity of exertion. 

E This form is much more common in athletes. 

E The reversible ischemia of exertional compartment syn- 
drome occurs secondary to a noncompliant osseofascial 
compartment that is not responsive to the expansion of 
muscle volume that occurs with exercise. 

E CECS is characterized by recurrent episodes of a transient 
elevation in the intracompartmental pressure, which sub- 
sides with rest or cessation of activity. 


E Any athlete can develop CECS; however, runners are 
most commonly affected (6,15,20). 

Although compartment syndrome testing is useful in the 

diagnosis of acute compartment syndrome, the following 

discussion applies to the use of intracompartmental pressure 

measurements for the chronic exertional form of compart- 

ment syndrome. 


The Leg Compartments 


The leg contains four anatomically distinct muscle com- 
partments with structural support provided by the tibia 
and fibula. Each compartment is covered by a tight fascia 
and has a unique neurovascular supply that creates distinct 
pathology (Table 23.1). 

The anterior compartment contains muscles used for ex- 
tension of the toes and dorsiflexion of the ankle: the tibialis 
anterior, the extensor hallucis longus, and the extensor digi- 
torum longus. Blood supply to the anterior compartment is 
from the anterior tibial artery. The deep peroneal nerve pro- 
vides innervation as it passes through the compartment. 


The lateral compartment contains the evertors of the foot: 
the peroneus longus and the peroneus brevis. Nerve supply 
is via the superficial peroneal nerve. Blood supply is from 
branches of the peroneal artery. 

The superficial posterior compartment contains the plan- 
tarflexors of the foot: the gastrocnemius, soleus, and plantaris. 
These muscles are supplied by branches of the tibial nerve. 
The deep posterior compartment contains the muscles of 
toe flexion, ankle plantar flexion and inversion, the flexor 
hallucis longus, the flexor digitorum longus, and the tibialis 
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| Table 23.1 | Muscle Compartments 


Compartment Nerve 


Muscles Vascular 





Anterior Deep peroneal 


Lateral Superficial peroneal 


Superficial posterior None 


Deep posterior Tibial nerve 


Tibialis anterior Anterior tibial artery and vein 
Extensor hallucis longus 

Extensor digitorum longus 

Peroneus tertius 


Peroneus longus 
Peroneus brevis 


Gastrocnemius None 
Soleus 
Plantaris 


Posterior tibialis Posterior tibial artery and vein 
Flexor hallucis longus Peroneal artery and vein 
Flexor digitorum longus 

Popliteus 





posterior. These muscles are supplied by the tibial nerve and 
posterior tibial artery. 

E A fifth compartment has been described. The fascia sur- 
rounding the posterior tibialis has been described as a sepa- 
rate and distinct compartment (5). 





PATHOPHYSIOLOGY 





E Four factors have been identified that may contribute to an 

increase in the intracompartmental pressure seen during 

exercise (17): 

E Enclosure of compartmental contents in an inelastic fas- 
cial sheath 

E Increased volume of the skeletal muscle with exertion re- 
sulting from blood flow and edema 


E Muscle hypertrophy as response to exercise 
E Dynamic contraction factors due to the gait cycle 


E The transient increase in pressure within the myofascial 
compartment compromises blood flow. When tissue per- 
fusion is not adequate to meet the metabolic demands, the 
result is traversing neurologic and muscular ischemia, pain, 
and impairment of muscular function. 


CLINICAL PRESENTATION 





E In CECS, the characteristic complaint is recurrent exercise- 
induced leg discomfort that occurs at a well-defined and 
reproducible point of activity and increases if the training 
persists. 

E The quality of pain is described as a tight, cramp-like, or 
squeezing ache over a specific compartment of the leg. Relief 
of symptoms occurs only with discontinuation of activity. 


E Neurologic complaints such as paresthesias of the leg or foot 
with exertion may indicate involvement of the nerve travers- 
ing the compartment. 


E Nerve entrapment syndromes of the lower extremity 
often present with similar complaints and should be in- 
cluded in the differential diagnosis. 

E Atrest, the physical examination is commonly unremarkable 
with a normal gait and normal lower extremity examination. 

A muscle herniation through a fascial defect may be the only 

clinical abnormality noted. 

E An exercise challenge followed by postexercise clinical exam- 

ination is helpful in establishing the diagnosis (11). 


E After reproduction of discomfort, the athlete should be 
assessed for tenderness, tightness, and swelling over the 
involved compartment. 


E The tenderness noted should involve the muscle mass 
and not the bone or muscle-tendon junction. 


E Neurologic and vascular examination should be completed. 


Although history may be suggestive of CECS, no physical ex- 
amination finding can firmly establish the diagnosis (14,25). 
Diagnosis based solely on clinical presentation can lead to 
misdiagnosis, inappropriate therapy, and/or delay of proper 
therapy (20). 





INDICATIONS FOR 
INTRACOMPARTMENTAL PRESSURE 
MEASUREMENTS 





E Any patient with clinical evidence of CECS should be con- 
sidered for intracompartmental testing. 
E Significant historical features include a recurrent, exercise- 
induced leg discomfort that increases as the training per- 
sists and dissipates on cessation of activity. 
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E Pain quality described as a tight, cramp-like, or squeezing 
ache over a specific compartment of the leg. 
E Paresthesias of the leg or foot with exertion. 

E An exercise challenge with detailed physical examination 

immediately after reproduction of symptoms will lead to a 
more judicious use of invasive techniques (11). 





TECHNIQUES TO MEASURE 
COMPARTMENT PRESSURES 





Œ Multiple techniques have been described for measuring both 
static and dynamic intramuscular pressures. Techniques in- 
clude the needle manometer (29), the wick catheter (18), 
slit catheter (22), continuous infusion (16), and a solid-state 
transducer intracompartmental catheter (17). 


E The Stryker Intra-Compartmental Pressure Monitor (Stryker 
Corporation, Kalamazoo, MI) is a battery-operated, hand- 
held, digital, fluid pressure monitor. This device has been 
found to be more accurate, versatile, convenient, and much 
less time consuming in the clinical setting (3,13). 

E Using an in vitro model to compare compartment pressure 
measuring techniques, both the arterial line manometer and 
Stryker have been found to be accurate (4). 





PERFORMANCE OF THE PROCEDURE 





E Because intracompartmental pressure measurement is an in- 
vasive procedure, proper technical performance and patient 
safety demand a thorough knowledge of the anatomy of the 
leg. Prior to attempting to measure compartment pressures, 
the physician should ensure an understanding of the ana- 
tomic structures in each compartment so as to avoid damage 
to neurovascular structures. 


E The athlete must be made aware of the indications of the 
procedure, and consent should be obtained and the athlete 
counseled on the risk of infection, scarring, damage to nerve 
and vascular structures, and reaction to local anesthesia. 

E Two types of measurements may be obtained during the pro- 
cedure, static or dynamic. 


E Static, or intermittent, pressures are performed with a 
straight needle. Here, intracompartmental pressures are 
determined with a needle stick at rest and then again 
after exertion. The benefits of this procedure are that 
the athlete can perform activity causing symptoms 
without the measuring device attached to the leg and 
without an indwelling catheter in the compartment. 
Also, several compartments can be measured. A nega- 
tive aspect of this technique is that it requires at least 
two needle sticks into each compartment being evalu- 
ated (one before and one after exertion). This procedure 
is most commonly used. 


E Dynamic monitoring is performed with the use of a slit 
catheter inserted prior to exertion and taped/attached to 
the athlete’s leg for continuous measurements. The ben- 
efits of this procedure are that the clinician can monitor 
the pressure changes during exertion without halting ac- 
tivity and that pressure monitoring during activity may 
be a more precise indicator of pathology (17). There are 
several negative aspects of this technique. Problems in- 
clude maintaining the placement of catheter in the com- 
partment during activity, attachment of the system to 
the athlete, and restrictions of the athlete’s gait as he or 
she runs to reproduce symptoms. The procedure must 
be performed on a treadmill in order to continuously 
monitor pressure changes. Thus, the athlete cannot run 
outdoors on his or her usual training surface. In addition, 
only one compartment can be measured at a time. Some 
believe that with this technique, the results are inconsis- 
tent and difficult to obtain and interpret (21,23). 


Using an in vitro model to compare compartment pressure 
measuring techniques, side port needles, and slit catheters 
were found to be more accurate than straight needles, which 
had the tendency to overestimate pressure (4). 

With the static technique, measurements should be obtained 
at rest (prior to exertion), immediately after (1 minute) the 
reproduction of symptoms, and 5—10 minutes into rest. 

To properly reproduce symptoms, athletes should perform 
the specific activity that causes pain/discomfort. 


Three factors may alter the pressure measurements: 


E Proper calibration of the monitor is essential for reliable 
readings. The monitor must be zeroed at the same angle 
that will be used to penetrate the skin, and this angle 
must be maintained with repeated sticks. 

E Joint position at both the knee and ankle affect pres- 
sures (10). 

E Compression or squeezing the leg can alter pressures. 
Externally applied pressure is additive to any pressure 
already existing within the compartment (16). 

Each compartment should be approached with an under- 

standing of the anatomic contents of each compartment so 

as to avoid injury to neurovascular structures. 





APPROACH TO EACH LEG 
COMPARTMENT 





Measurement of intracompartmental pressures is an inva- 
sive procedure. To avoid damage to neurovascular structures, 
each compartment should be approached with an under- 
standing of the anatomic contents (11). 


Anterior Compartment 


E Identify the muscle belly of the anterior tibialis just lateral 


to the anterior tibial border. Approach should have needle 


penetrate through fascia and into muscle belly of anterior 
tibialis at the level of the mid-third of the tibia. 

Anatomic structures to avoid include the neurovascular bun- 
dle containing the deep peroneal nerve, anterior tibial artery, 
and veins. This neurovascular bundle sits just above the in- 
terosseous membrane. 


Lateral Compartment 


The muscle bellies of the peroneus longus and brevis are pal- 
pable on the lateral surface of the leg just superficial to the 
shaft of the fibula. 


Helpful technique to enter this compartment involves pal- 
pation of the head of the fibula and lateral malleolus and 
palpating the muscle bellies at the midpoint between these 
two bony landmarks. 

The superficial peroneal nerve resides within this compart- 
ment and provides innervation. The lateral compartment re- 
ceives it blood supply from branches of the peroneal artery, 
but does not itself run through the lateral compartment. 


Posterior Superficial Compartment 


The muscle bellies of the gastrocnemius and soleus muscles 
are easily identified and palpated. 

Approach to this compartment just medial to the midline 
will avoid the small saphenous vein and the medial and 
lateral sural cutaneous nerves. 


Branches of the tibial nerve innervate these muscles. 


Posterior Deep Compartment 


The approach to the posterior deep compartment is techni- 
cally more difficult because of the proximity of neurovascu- 
lar structures. 


Two bundles are contained within this compartment that 
should be understood anatomically prior to needle insertion. 
A vascular bundle consisting of the peroneal artery and veins 
lies medial to the posterior aspect of the fibula. A neurovas- 
cular bundle consisting of the tibial nerve, posterior tibial 
artery, and veins lies in the posterior aspect of this compart- 
ment behind the mass of the tibialis posterior muscle. 


The posterior medial aspect of the mid-tibia must first be 
palpated. The needle should then be inserted just posterior 
to the tibia, closely approximating the posterior border of the 
bone. The needle will first enter the flexor digitorum longus 
muscle and if guided deeper will enter the posterior tibialis 
muscle. As long as it is not driven too deeply, this approach 
will keep the needle anterior and medial to the neurovascular 
structures. 


Diagnostic Criteria 


Compartment pressure must be obtained both preexercise 
and postexercise. Postexercise pressures should be performed 
immediately after an exercise challenge that reproduces the 
patient’s symptoms. 
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E Findings consistent with the diagnosis of CECS include an 
elevated resting pressure and increased postexertion pressure, 
and/or a delayed return to normal pressure after exertion. 

E For CECS, the diagnostic criteria described by Pedowitz et al. 
(20) are commonly used. One or more of the following cri- 
teria must be met in addition to an appropriate history and 
physical examination: 

E Preexercise = 15 mm Hg 
1 minute postexercise = 30 mm Hg 


E 5 minutes postexercise = 20 mm Hg 





DIFFERENTIAL DIAGNOSIS 





E Stress fractures, periostitis/medial tibial stress syndrome, 
and tendonitis can usually be differentiated from CECS by 
clinical presentation; however, several syndromes present 
very similar to CECS and must be suspected when intracom- 
partmental pressures are found to be normal. 


E Nerve entrapment and compression may cause exertional 
leg pain. This diagnosis should always be suspected when the 
patient presents with symptoms consistent with CECS but 
has normal pressures. 


E Common peroneal nerve entrapment presents as activity- 
related pain, paresthesias, and/or numbness in the antero- 
lateral aspect of the leg. 


E Superficial peroneal nerve entrapment presents with 
a history very similar to that of CECS of the lateral 
compartment. 


E Saphenous nerve entrapment presents as medial knee 
and medial leg pain. 


E Sural nerve entrapment will present with posterior calf 
symptoms and can be almost indistinguishable from 
CECS of the superficial posterior compartment. 


E Proximal tibial nerve entrapment also presents similar to 
CECS of the posterior compartment. 


E Lumbosacral radiculopathy should be suspected in athletes 
with the complaints of leg pain, especially if associated with 
back or buttock discomfort. 

E Popliteal artery entrapment is often misdiagnosed as poste- 
rior CECS because of the ischemic etiology in the pathogen- 
esis of symptoms in both syndromes (12). 





OTHER DIAGNOSTIC OPTIONS 





E Measurement of compartment pressure assesses only one as- 
pect of CECS. Altered tissue perfusion, neurologic and mus- 
cular ischemia, and increased interstitial fluid all play a role 
in the pathophysiologic process. 

E Recent attention has focused on noninvasive techniques 
that can detect these pathophysiologic alterations that are 
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associated with or a result of the pressure elevations. These 
emerging diagnostic options potentially offer an alterna- 
tive to direct intracompartmental pressure measurements 
in those cases where the athlete is adverse to invasive pro- 
cedures or where the results of pressure monitoring may be 
nondiagnostic. 

Triple-phase bone scan: Scintigraphy has been investigated 
in the diagnosis of CECS (7,19,24). The utility of this study 
is based on the detection of abnormalities in tracer uptake in 
muscle compartments. As pressure increases in an anatomic 
compartment, blood flow through it declines. This is evident 
as the identification of decreased postexertional muscle perfu- 
sion and radionuclide concentration in the compartment with 
increased pressure when compared to resting images (7,19). 
Magnetic resonance imaging (MRI): Considerable inter- 
est has focused on the use of MRI in the evaluation and 
diagnosis of CECS (9,28). MRI is sensitive to changes in water 
distribution in skeletal muscle. Soft tissue edema that occurs in 
muscle compartments can be visualized on postexercise MRI 
(8,9,14). Specifically, the T2-weighted signal intensity has been 
reported to show a statistically significant increase in signal in- 
tensity with exercise in affected compartments compared to 
unaffected compartments (28). Functional MRI techniques 
used to evaluate postexertion muscle perfusion and muscle 
oxygenation have not shown statistically significant differenc- 
es between patients with exertional compartment syndrome 
and controls (1). 


Near infrared spectroscopy (NIRS): Focusing on the induced 
ischemia as a result of impaired perfusion, NIRS has been used 
as a noninvasive method to measure tissue oxygen saturation 
and thereby support the diagnosis of CECS. When compared 
to controls, patients with CECS display significant differences 
in peak exercise and postexercise tissue oxygen saturation as 
measured by NIRS (27). Consistent with the induced ischemia 
theory, patients with CECS demonstrated greater deoxygen- 
ation with exercise compared to controls. The sensitivity of 
NIRS has been shown in one study to be clinically equivalent 
to intracompartmental pressure measurement (26). 


Neurosensory testing: Transient neurologic ischemia due to 
increased compartment pressures can be assessed by sensory 
nerve function. Noninvasive neurosensory testing has been 
shown to detect reversible alterations in sensory nerve func- 
tion when postexertion values are compared to preexertion/ 
rest (30). 
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EPIDEMIOLOGY 





E Exercise-induced bronchoconstriction (EIB) is a common 
medical condition that affects at least 10%—15% of athletes (9). 

E Exercise-induced asthma (EIA) is the presence of similar 
symptoms in a patient with a known diagnosis of asthma (18). 
The prevalence of EIB in asthmatic patients is 80%—90% (19). 

E Respiratory symptoms alone are insensitive in predicting 
bronchospasm in athletes (11). 

E Common respiratory symptoms suggestive of asthma (cough- 
ing, wheezing, etc.) have only a 60%-70% positive predictive 
value for EIB (15,16). 





INDICATIONS FOR EIB TESTING 





E An athlete with signs or symptoms suggestive of EIA. 

E An athlete with known chronic asthma may be tested for an 
exercise-triggering event. 

E An athlete with exertional dyspnea, once cardiac etiologies 
have been clinically and/or diagnostically eliminated. 





CONTRAINDICATIONS FOR EIB TESTING 





Active or recent pulmonary infection within past 30 days. 
Ongoing or recent exacerbation of asthma. 
Known allergy to methacholine (methacholine challenge). 


An athlete using inhaled corticosteroids may still be tested; 
however, the provocation test may be falsely negative in up 
to 50% of patients (2,17). 





EIB PROVOCATIVE TESTING 





Exercise Challenge 


E A baseline pulmonary function test (PFT) should be per- 
formed and results recorded prior to this provocative test. 
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4 Exercise-induced 
Bronchoconstriction Testing 


Meghan F. Raleigh and Fred H. Brennan, Jr 


E The sensitivity and specificity of this test for identifying EIB 
in athletes are approximately 65% (6,9). 


E The challenge should be sport-specific and conducted in the 
environment in which athletes most commonly experience 
their symptoms (7). 

E An exercise challenge may be used as a first-line diagnostic 
study. 


Conducting an Exercise Challenge 

H Allow athletes to stretch, but do not allow them to exercise 
or warm up prior to the challenge. A warm-up period may 
result in a false-negative result. 


E Obtain a baseline PFT or peak expiratory flow rate (PEFR). 
Record FEV, (forced expiratory volume in 1 second) and 
FEF,; 75 (force expiratory flow during the middle portion of 
expiration), or PEFR. 

E The sport-specific exercise should be conducted for 8—10 
minutes at 85%—-90% of maximum calculated heart rate 
(220 — age in years = calculated maximum heart rate). 

E After 10 minutes of exercise, allow a 1-minute rest. Check 
PFT or PEFR three times and record the best result. 

E Repeat these measurements at 3, 5, 10, 15, and 20 minutes 
after termination of the exercise challenge. 

E A decrease of > 10% in the FEV, or PEFR and/or a decrease 
in FEF);_7; of > 20% are diagnostic for EIB (10,13,14). 





EUCAPNIC VOLUNTARY 
HYPERVENTILATION TEST 





E Used by the International Olympic Committee—Medical 
Committee (IOC MC) to verify EIB and the need for pre- 
competition B-agonist (3,10). 

E Sensitivity and specificity in athletes have been shown to be 
50% and up to 100%, respectively (1,9). 

E Eucapnic voluntary hyperventilation (EVH) is a well-known 
and accepted provocative test for EIB (11,13). 


E This test is more sensitive than an exercise challenge in the 
field or in the lab (11,13). 


CHAPTER 24 


EVH is more sensitive than methacholine in response to dry 
air hyperpnea (11). 
Negative test is highly likely to exclude EIB (1). 


Conducting the Test 


Obtain a baseline PFT. Record the best FEV). 


The Argyros and colleagues (5) protocol, which is based on 
single-level ventilation of 85% of the maximum voluntary 
ventilation (MVV), is used. MVV is calculated as 35 times 
the best recorded pretest FEV, and is used to calculate the 
volume of dry gas ventilated per minute. 


The athlete inhales dry gas consisting of 5% carbon dioxide, 
21% oxygen, and the remainder nitrogen gas. The volume 
of ventilated gas is measured by a metered instrument. The 
athlete gauges and adjusts the rate of ventilation based on the 
volume of dry gas ventilated. 

The athlete breaths at a rate of 85% MVV for 6 minutes. 

At the completion of the 6 minutes, the FEV, is measured 
twice at 1, 3, 5, 7, and 8 minutes post challenge. The best 
FEV, value is used. 

A drop in FEV, of at least 20% is diagnostic for EIB (11). 

A bronchodilator may be administered at the conclusion of 
the study to decrease the patient’s symptoms and document 
reversibility of airway hyperresponsiveness. 





METHACHOLINE CHALLENGE 





Methacholine stimulates muscarinic receptors located in the 
airway smooth muscle (12). 

The sensitivity and specificity of this test are estimated to be 
55% and up to 100%, respectively (9). 

The positive predictive value may be as high as 100%, with a 
negative predictive value of 61% (11). 

Negative test in symptomatic patients is useful to exclude 
asthma, but does not exclude EIB (1). 


Conducting the Methacholine Challenge 


Obtain a baseline PFT. Record the best FEV). 


Solutions of methacholine are prepared in the following 
concentrations: 0.025, 0.25, 2.5, 0, and 25 mg- mL. 


The athlete inhales five breaths of the lowest concentration 
solution via nebulizer. A PFT is performed 3 minutes after 
inhalation of the methacholine. 


The concentration of methacholine solution is increased 
to the next highest concentration, and a PFT is performed 
3 minutes after inhalation. 


This provocative test is concluded and considered positive 
if there is a decline in the FEV, of at least 20%. The test is 
concluded but considered negative if the maximum solution 
concentration of 25 mg - mL”! is administered without the 
diagnostic drop in FEV, (9). 
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Albuterol may be given 3 minutes after a positive test to dem- 
onstrate airway bronchospasm reversibility that is consistent 
with asthma. 





EVALUATING ATHLETES WITH 
SUSPECTED EIB 





The most appropriate provocative test for identifying EIB 
remains controversial (2,8,16). 

EVH may be the preferred method of laboratory provocative 
testing because of its relative ease and excellent sensitivity. 
It is also more sensitive than an exercise challenge in a lab 
or field environment (11,13). EVH provocative testing is the 
preferred diagnostic study of the IOC-MC. 


If EVH testing is unavailable, a sport- and climate-specific 
exercise challenge is an acceptable alternative. A methacho- 
line challenge is also an acceptable option. 

Avoid empirically treating for EIB without formal provocative 
testing. Classic symptoms alone are unreliable and may lead 
to over- or underusage of the appropriate medical therapy. 
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Drug Testing 


Aaron Rubin 





INTRODUCTION 





E Drug testing of the athlete is an ethical, moral, legal, regula- 
tory, and possible medical issue. 

E Team physicians, athletic trainers, team psychologists, coaches, 
administrators, and others dealing with the care of the athlete 
may become involved with drug testing. 

E Care should be exercised to keep the punitive aspect of drug 
testing separate from the therapeutic care for athlete’s problems. 

E Drug testing is performed for many reasons: 

E To prevent “cheating” by use of drugs and chemicals 

E To “level the playing field” by keeping “clean” athletes 
from having to compete with anabolic using athletes 

E To prevent drug-induced illness and death 

E To prevent public relations problems for teams and 
organizations 





SCOPE OF PROBLEM 





E Olympic drug testing began in the 1968 Mexico City 
Olympics (2). 

E Between the 1968 and 2008 Olympics, over 28,000 athletes 
were tested at competition, and 123 tested positive (including 
six horses at the Beijing Olympics) (2). 

H Various studies suggest that 5%-11% of high school males 
and 0.5%-2.5% of high school females have tried anabolic 
steroids (1,3). 

Æ This is not merely a problem of athletes; of the high school 
students, 33% using anabolic steroids were not athletes (1,3). 


REGULATING AGENCIES 





E United States Anti-Doping Agency (USADA)—http:// 
www.usantidoping.org 
E Independent antidoping agency for Olympic sports in 
the United States (5). 
E World Anti-Doping Agency (WADA)—http://www.wada- 
ama.org 
E The mission of WADA is to promote and coordinate at inter- 
national level the fight against doping in sport in all forms (6). 








E National Collegiate Athletic Association (NCAA)—http:// 


www.ncaa.org/drugtesting 
E Regulate and provide safety guidelines for student ath- 
letes from member colleges in the United States (4). 





DRUGS, MEDICATIONS, AND OTHER 
SUBSTANCES 





There are no inherently good, bad, dangerous, safe, legal, or 

illegal substances. 

In terms of athlete testing, it is best to consider allowed or 

not allowed substances. 

Illegal substances are determined by rule of law and may vary 

from jurisdiction to jurisdiction. Use of illegal substances 

can be punished by criminal law. (Marijuana and “crack” 
cocaine are illegal substances in most jurisdictions in the 

United States.) 

Components of these substances may be legal. (Dronabinol 

is a derivative of marijuana and legal under prescription of 

a licensed physician. Cocaine is a legal medicine for specific 

indications). 

Some legal substances can be used illegally (anabolic steroids 

are legal substances but can be obtained and used illegally). 

Over-the-counter medications are generally legal but may 

not be allowed for athletic competitions (such as high-dose 

caffeine in NCAA testing). 

Some substances are legal but not allowed under certain cir- 

cumstance (alcohol and B-blockers may not be allowed for 

some events). 

The ultimate decision regarding allowed or not allowed sub- 

stances falls to the regulating agencies responsible for estab- 

lishing the rules for the various sports teams, leagues, and 
organizations. 

Therapeutic drugs: 

E Prescribed drugs are those given to the athlete under the 
direction (prescription) of a licensed physician or dentist. 
Just because a medication is prescribed does not exempt 
an athlete from sanctions. 

E Over-the-counter medications may be taken by the ath- 
lete on his or her own or by direction of a physician or 
other health care provider. Again, this does not exempt 
an athlete from sanctions if products are not allowed. 
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E “Natural” products are often a misnomer. Many drugs 
(legal and illegal, prescription and nonprescription) are 
based on natural products. To complicate matters even 
more, many of these products may not be fully labeled 
with all ingredients. The athletes are ultimately respon- 
sible for what they put in their body. 

E Use of banned substances for therapy requires that a ther- 
apeutic use exemption (TUE) be applied. A TUE may be 
granted only if the following four criteria are fulfilled (7). 
4 “The Athlete would experience a significant impair- 

ment to health if the Prohibited Substance or Prohibited 

Method were to be withheld in the course of treating 

an acute or chronic medical condition.” 
4 “The therapeutic Use of the Prohibited Substance or 
Prohibited Method would produce no additional en- 
hancement of performance other than that which 
might be anticipated by a return to a state of normal 
health following the treatment of a legitimate medical 
condition. The Use of any Prohibited Substance or Pro- 
hibited Method to increase ‘low-normal’ levels of any 
endogenous hormone is not considered an acceptable 
therapeutic intervention.” 

Q “There is no reasonable therapeutic alternative to the 
Use of the otherwise Prohibited Substance or Prohibited 
Method? 

1 “The necessity for the Use of the otherwise Prohibited 
Substance or Prohibited Method cannot be a conse- 
quence, wholly or in part, of prior nontherapeutic Use 
of any substance from the Prohibited List? 





E Recreational drugs: 


E Alcohol is banned by the NCAA for rifle competition and 
by the Olympic Movement “where the rules of the govern- 
ing body so provide.” Use of alcohol by minors is illegal (4). 

E Tobacco is generally not tested, although use of tobacco is 
not allowed at NCAA practice or competitions (4). 

E Marijuana is not allowed and is tested by the NCAA and 
WADA. 


E Stimulants such as amphetamine, cocaine, ephedrine, 
caffeine (at set concentrations for the NCAA), methyl- 
enedioxymethamphetamine (MDMA or ecstasy), and 
related products are banned. 

E Hallucinogens suchas LSD are listed as banned substances 
(as recreational drugs) and are illegal. 

E Many narcotics are generally banned as therapeutic or 
recreational substances (by WADA, but not NCAA) (6). 


E Performance enhancements: 


E Stimulants as discussed earlier are prohibited. 

E Androgenic/anabolic agents such as anabolic steroids, 
testosterone, clenbuterol, and related compounds are 
banned by the NCAA and Olympic movement. 


E Recombinant erythropoietin and related compounds 
and blood doping are not allowed. Blood doping is the 
removal of one’s own blood (or using donor blood) and 
later transfusing it to improve aerobic capacity. 
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E In addition, techniques to mask drug testing or fool drug 
testers are not allowed. These include diuretics, urine 
substitution, masking agents, and other techniques. 

E NCAA publishes a list that bans classes of drugs and sub- 
stances related chemically to the classes. 

E In addition, NCAA has procedures subject to restrictions: 

Blood doping 

Local anesthetics (under some conditions) 

Manipulation of urine Samples 

B2-Agonists permitted only by prescription and inhalation 

Caffeine if concentrations in urine exceed 15 yg - 

mL! (4). 

E WADA publishes a prohibited list that is also available for 
hand-held devices. 

E WADA adds the following caveat: 

4 “Any pharmacological substance which is not ad- 
dressed by any of the subsequent sections of the List 
and with no current approval by any governmental 
regulatory health authority for human therapeutic use 
(i.e., drugs under preclinical or clinical development 
or discontinued) is prohibited at all times” (6). 
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E Warnings regarding use of nutritional supplements are 
prominent in NCAA materials, including the lack of 
regulation of the industry and inability for the athlete to 
know about contaminated or unlabeled ingredients (4). 

E Although not as prominent, WADA gives similar pre- 
cautions (6). 





TESTING PROCEDURES (BASED ON THE 
NCAA DRUG TESTING PROGRAMS) 





Selection process must be fair and based on random 
testing, universal testing, or testing based on probable cause 
(evidence of drug use or previous positive test). 
Testing may be done out-of-competition (year round) or 
in-competition (postseason championship) (4). 





POSTSEASON TESTING 


Facilities and procedures are fully outlined in the NCAA 
Drug-Testing Programs Site Coordinators Manual. 

WADA urine testing procedures are similar, and WADA has 
procedures for blood testing as well as developing the Athlete 
Biological Profile, which attempts to set “normal” standards 
for an individual athlete as opposed to a population (such as 
hemoglobin/hematocrit to try to prevent blood doping or 
use of recombinant erythropoietin). 

The athlete is notified of testing by a drug-testing courier 
and given a written notification form instructing the ath- 
lete to accompany the courier to the collection station. The 
athlete must report within 1 hour and remain in visual con- 
tact with the courier until the athlete signs in at the testing 


center. Only authorized agents for testing and the athletes are 
allowed in the testing center. 


Sealed beverages without caffeine or other banned substances 
are allowed at the testing center. 


The athlete selects a sealed beaker to provide their specimen. 
Sample will be given as an observed specimen. 


Specimen must be at least 90 mL. If the specimen is not 
sufficient, it is discarded, and the athlete is asked to provide 
another specimen. The athlete is not allowed to leave the test 
center until adequate specimen is provided. 

Specific gravity and pH are checked. If the specific gravity 
is less than 1.005 (1.010 if checked with a reagent strip), the 
specimen is discarded. If the pH is greater than 7.5 or less 
than 4.5, the specimen is discarded. 

The specimen is processed if the specific gravity is above 
1.005 (1.010 if using a reagent strip) and the pH is between 
4.5 and 7.5. 


Containers and unique bar-coded labels are selected by the 
athlete. 

The specimen is divided into the “A vial” and the “B vial” by 
the crewmember. The vials are sealed, forms are filled out, 
and the specimens prepared for shipping. All is done in the 
presence of the athlete. 

Chain of evidence must be maintained. The specimen must 
be controlled and signed at every step in the process. 


The specimens are sent to an approved laboratory for testing. 
Specimen A is tested. 


Results of positive tests are reported to the National Center 
for Drug Free Sport who breaks the number code and identi- 
fies the athlete. The athletics director or designate is notified 
by overnight mail marked confidential, who in turn must 
notify the athlete. 


The athlete may be represented at the laboratory when testing 
specimen B. Different lab personnel will test specimen B. 


The results of specimen B are considered final (4). 





INSTITUTIONAL DRUG TESTING 





Extreme care must be taken to protect the rights of the athlete. 
Goals of testing, education program, punishment, selection 
process, procedures for testing, notification, confidential- 
ity, appropriate follow-up, and legal issues must be carefully 
thought out and put into writing. 

Multiple individuals may be involved in creating such a poli- 
cy, including but not limited to administrators, legal counsel, 
medical advisors, psychologists, and representatives of the 
athletes. 

Selection of athletes for testing may not be arbitrary. 

After notification, the athlete must present to a testing center 
within a set amount of time. 

Testing may be performed at an on-campus center or a des- 
ignated industrial clinic for drug testing. If sent to an outside 
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facility, the school or organization must assure that proper 
conduct and procedures are followed. 

E ‘Testing procedures should be similar to those discussed ear- 
lier under “Postseason Testing.” 

E Lists of substances that are not allowed must be published 
and the athletes educated regarding the substances, health 
risks, treatment options, and sanctions for positive tests. 





TESTING TECHNIQUES 





E Initial screening may be done by the relatively lower cost 
thin-layer chromatography or radioimmunoassay (RIA) 
methods. 

E Confirmation and definitive testing should be performed by 
gas chromatography and mass spectroscopy (6). 





LEGAL ISSUES 





E Expect legal challenges to testing procedures and especially 
to positive tests. 


E Athletes should be afforded due process of law. 
E Institutions should define rights of appeal. 





PUBLIC RELATIONS 





E Privacy of the athlete must be maintained. 


> 


E The public and press often feel they have a “right to know’ 
about the dealings of “their” teams, schools, and athletes. 

E The loss of an athlete from a team for “disciplinary” reasons 
is often assumed to be for positive drug tests. 
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INTRODUCTION a catastrophic injury, or chronic, long-term cognitive 
impairment (18). Postconcussive symptoms and clini- 
cal recovery patterns vary in individual athletes, and not 

E It is estimated that 1.6-3.8 million sports concussions occur all have a typical course. Up to 10%-20% of concussed 
annually in the United States (1,9). This number may under- athletes may have a postconcussion syndrome in which 
estimate the total number of sports concussions because the symptoms of concussion such as headache, fatigue, and 
athlete, coach, or parent may not report or may not recog- memory impairment persist for a month or more after the 
nize the symptoms of concussion. injury (18). 

E Animal studies have demonstrated a cascade of physiologic Œ Self-reported symptoms are not reliable as a sole indica- 
events that adversely affect cerebral functioning for a period tor of resolution of concussion. Several studies have shown 
of days to weeks after concussion (22). that NP testing has a greater sensitivity than self-reported 

E Diagnosis and management of concussion involve a care- concussion symptoms in detecting resolution of concus- 
ful assessment of the history of the injury and subsequent sion. Van Kampen et al. (33) found that 64% of their con- 
symptoms, a thorough clinical examination, as well as the cussed athletes reported symptoms at 2 days, whereas 83% 
consideration of advanced diagnostic testing. Neuropsycho- had deficits on NP testing compared to their baseline. Bro- 
logical (NP) testing is one of several tools currently used in glio et al. (2) showed that the sensitivity of symptoms in 
the management of concussion. detecting concussion at 24 hours post injury was 68% com- 


pared to 78.6% and 79.2% for HeadMinder test and Im- 
mediate Post-Concussion Assessment and Cognitive Test, 
respectively. 


E The Zurich Consensus statement on concussion states: “The ap- 
plication of neuropsychological (NP) testing in concussion has 
been shown to be of clinical value and continues to contribute 
significant information in concussion evaluation. It must be E There are many reasons why athletes may underreport 





emphasized, however, that NP assessment should not be the sole symptoms. Athletes may blatantly deny symptoms due to 
basis of management decisions; rather, it should be seen as an internal or external pressures to compete (fear of losing 
aid to the clinical decision-making process in conjunction with position, losing respect, seeming weak, letting team down). 
a range of clinical domains and investigational results” (24). They may mislabel or fail to identify symptoms when they 
E The Team Physician Consensus Statement on Concussion states occur; attributing them to stress, dehydration, and tight-fit- 
that NP testing “is recommended as an aid to clinical decision- ting helmet. Mild postconcussive symptoms may be viewed 
making but not a requirement for concussion management.” as their baseline level of functioning. Athletes may not be 
The document also states that “the value of NP testing is en- aware that symptoms of fatigue or sleep deprivation are 
hanced when used as part of a multifaceted assessment and postconcussive. Lastly, an athlete may truly be asymptom- 
treatment program” and that it is “one component of the evalu- atic but still have neurocognitive deficits associated with 
ation process and should not be used as a stand-alone tool to concussion (11). 
diagnose, manage or make RTP decisions in concussion” (12). E Absence or resolution of symptoms is not indicative of 
complete recovery. Significant cognitive deficits remained 
WHY IS NEUROPSYCHOLOGICAL in approximately 35% of concussive injuries when players 
TESTING USEFUL IN THE EVALUATION ae Ae computerized test battery after symptoms had 
OF CONCUSSION? l 


E NP testing is an objective measure of cognition that is 
more sensitive than sideline cognitive tests in identify- 

E Returning an athlete to participation before complete re- ing cognitive deficits and tracking recovery in concussed 
covery may increase the risk of a second concussive injury, athletes. 
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TYPES OF NEUROPSYCHOLOGICAL 
TESTING 





E Sideline assessment tools: These are basic NP tests designed 
for sideline assessment of players with concussion. Specifi- 
cally, they involve tests of orientation, memory, concentra- 
tion, and delayed recall. 

E Clinician-administered NP tests: Consist of paper-and-pencil 
NP tests to assess cognitive function. Concussion assessment 
batteries typically focus on cognitive function, but additional 
tests assessing related psychological dysfunction can be added 
in cases where more extensive NP testing may be warranted in 
a given patient. 

E Computerized NP tests: These are computer-based NP tests 
that measure various aspects of memory (new learning), cog- 
nitive processing speed, working memory, or executive func- 
tions. (The rationale for choosing tests from these domains is 
that these are functions typically affected by traumatic brain 
injury, as opposed to language or visuospatial skills, which 
are more resistant to the effects of brain injury) (9,28). 





STATISTICAL FACTORS 
NECESSARY IN CHOOSING A 
NEUROPSYCHOLOGICAL TEST 





E For NP testing to be valuable in the evaluation and treatment 
of concussion, certain statistical parameters should be met 
to demonstrate that as a clinical tool it has added value to 
the clinical armamentarium. Ultimately, one would like to 
be able to say that using this tool changes outcomes in the 
individuals one is treating with concussion. 


E In the literature, statistical parameters applied in assessing 
NP test batteries include: reliability, validity, sensitivity, reli- 
able change, and clinical utility. 


Reliability 


H This is a measure of the stability of a score or test over time. 


E Test-retest reliability measures should ideally reflect clini- 
cally relevant intervals. For concussed athletes, that means 
scores need to be stable for months to more than a year in 
time. 

E Test-retest reliability measures can be affected by practice 
effects. Some of these effects can be accounted for in the sta- 
tistical measure used. 


E Pearson coefficient and intraclass correlation coefficient 
(ICC) are two measures used in reliability. A minimally 
acceptable score for reliability is 0.60, with 0.90 being the 
ideal score to achieve (1,29). 

E Pearson coefficient is a statistic that is a bivariate measure- 
ment of the relationship between two independent variables. 
It is limited by insensitivity to systematic changes in the score 


means due to learning or practice effects. It is known to over- 
estimate the correlation when sample sizes are limited (1). 
The ICC is a univariate measure estimate of the agreement 
between two scores on the same test at two points in time. 
It accounts for some of the practice effects and is more 
commonly used in current studies as a measure of test-retest 
reliability. 


Validity 


The basic concept behind validity is establishing that a test 
measures what it is supposed to measure. 


Concurrent validity: the degree to which a test under devel- 
opment correlates with established measures of the ability in 
question. 

Validity may also be established by demonstrating that a test 
is sensitive to the impairment in clinical populations with 
known defects. (For example, is a test of memory decreased 
in patients with known memory deficits?) 


Sensitivity and Specificity 


One must establish that the test can differentiate between 
clinical patients (athletes with concussion) and controls 
(normal athletes). Is the test “positive in disease” (sensitivity) 
and “negative in health” (specificity)? 

One can measure sensitivity of a test with analysis of a group 
(comparing group means in those with and without concus- 
sion) or in analysis of individuals (requires a prospective 
age-matched study of controls to athletes with concussion). 
Specificity goes hand in hand with discussing sensitivity. 
In specificity, one looks at whether a test is negative in indi- 
viduals without the disease in question. Is the test negative in 
an athlete who does not have a concussion? If not, then one 
has a false positive. 


Change Scores 


This is a measure of the variability of a test over time. 
Variability is made up of a “real or normal fluctuation” of a 
test from one session to the next and an “error variance” or 
change in the test that is due to flaws in the measurement 
technique. 


The degree of change can be measured with the following 
measures: simple change scores, true change scores, standard 
deviations, standard error of measurement index, simple re- 
gression, multiple regression, reliable change index (RCI), and 
modified RCI. These techniques provide a degree of change 
measurement that accounts for one or more of the following: 
measurement error, regression to the mean, practice effects, 
and variables such as age, education, socioeconomic status, 
and history of concussion (only multiple regression). 

In the sports medicine/neuropsychology literature, the two 
most commonly applied techniques are RCIs and regression 
analyses (6). 
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RCIs provide a value above which an observed change can be 
said to be meaningful. A standard RCI does not correct for 
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Common Sideline Assessment Tools Used in 
the Evaluation of Concussion 


the effects of measurement error caused by practice effects 
or other confounding variables. A modified RCI controls for 
measurement errors and practice effects. 

E Simple and multiple regression techniques can be used to 
calculate or predict a subject’s score after concussion. Mul- 
tiple regression equations may include estimates of effects of 
variables such as age, education, socioeconomic status, and 
prior concussion history. A significant change is said to occur 
when the difference between the observed and predicted 
score is greater than a certain criterion (6). 


Clinical Utility 


EŒ Is the test clinically useful? A test can have high reliability 
and high sensitivity but not necessarily be useful as a clinical 
decision-making tool. 

E For concussion, an NP test would be clinically useful if it is 
sensitive in detecting neurocognitive impairments once con- 
cussion symptoms have resolved. 

E It could also be added that a test would be clinically useful if 
the decision made from using it changes clinical outcomes. 
Does holding the athlete beyond the time during which they 
are asymptomatic until the time in which their NP tests 
return to baseline change their clinical outcome? 





SIDELINE ASSESSMENT: BRIEF 
NEUROPSYCHOLOGICAL TESTS 





How Are Neuropsychological Tests Used in 
Sideline Assessment of Concussion? 


E Sideline NP assessment consists of brief tests of orientation, 
memory, concentration, and delayed recall used to assess an 
athlete’s cognitive functioning to determine if the athlete sus- 
tained a concussion as well as to follow the concussion while 
on the field. It is used in conjunction with history, symptom 
assessment, and physical exam in the initial diagnosis and 
assessment of a concussed athlete. 

E Serial cognitive sideline assessment of concussion was 
also used along with signs and symptoms to determine 
whether an athlete could return to the competition that 
day. However, recent changes in legislation (National 
Football League [NFL], National Collegiate Athletic As- 
sociation [NCAA], state athletic associations) and medi- 
cal practice have by in large restricted the return of an 
athlete into the competition in which he or she sustained 
a concussion. 

E Serial NP assessment, along with serial symptom and exam 
evaluation, is used on the sideline to assess for worsening of 
cognitive status and necessity for further emergent evalua- 
tion such as imaging for a bleed. 


ŒE Maddocks questions, which are composed of questions of 


orientation and recent memory, were validated in a 1995 
study. It was in this study that it was concluded that ques- 
tions relating to orientation (person, date of birth, age, 
and month) were not sensitive in discriminating between a 
concussed and nonconcussed athlete. Questions relating to 
recall of recently acquired events (ground, quarter, how far 
into quarter, last team to score, team played last, who won 
last) were sensitive in detecting concussion (19). 
Standardized Assessment of Concussion (SAC) was developed 
in 1996 in response to the need for a standardized concussion 
assessment tool. It is a validated tool assessing orientation, 
immediate and delayed memory, and concentration. It is a 
scored tool that is optimally used when compared to a pre- 
season baseline (26). 

Sport Concussion Assessment Tool (SCAT) is a validated tool 
developed from the Second International Consensus Confer- 
ence on Concussion in Sport (Prague). It was created by com- 
bining several existing assessment tools used by medical and 
sports organizations into a new standardized tool. SCAT con- 
sists of evaluation of signs, memory assessment, symptoms, 
cognitive assessment, and neurologic screening (26). 

SCAT2 was a product of the Third International Consen- 
sus Conference on Concussion in Sport (Zurich). This tool 
consists of eight sections: symptoms, physical signs, Glasgow 
Coma Scale, sideline assessment-Maddocks score, cognitive 
assessment-SAC, balance examination, coordination exami- 
nation, and cognitive assessment-delayed recall. Each section 
is scored with an overall total possible score of 100. This tool 
is not yet validated (24). 





COMPREHENSIVE (CLINICAL) 
NEUROPSYCHOLOGICAL TESTING 





Paper-and-Pencil (Clinician-Administered) 
Neuropsychological Testing 


E A variety of paper-and-pencil test batteries have been used 


for neurocognitive assessment. In patients with concussion, 
tests that measure various aspects of memory (new learn- 
ing), cognitive processing speed, working memory, attention, 
or executive functions have been most commonly used. The 
rationale for choosing tests from these domains is that these 
are functions typically affected by traumatic brain injury, as 
opposed to language or visuospatial skills, which are more 
resistant to the effects of brain injury (28). 

Examples of traditional paper-and-pencil neurocognitive 
tests (28): 

E Hopkin’s Verbal Learning (memory/verbal learning) 

E Brief Visuospatial Memory Test (memory) 
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E Wechsler Adult Intelligence Scale, Third Edition (WAIS- 
III) Digit Symbol subtest (processing speed) 

E Symbol Digit Modalities Test (SDMT) (processing speed) 

E Trail Making Test (processing speed, executive) 

E Controlled Oral Word Association (processing speed, 
executive) 


E Stroop Color Word Test (executive) 
E WAIS-III Digit Span Test (working memory) 
E WAIS-III Letter-Number Sequencing Test (working 
memory) 
E Paced Auditory Stimulation Test (working memory, 
speed of processing) 
E Statistical support for use: 


E Paper-and-pencil tests have been used for years and have 
many studies looking at their validity. The validity of the 
tests has been well documented (28). 

E Reliability of individual tests have been documented 
through various studies. Reliability measures range from 
0.39-0.93 for these individual tests, with most being in 
the 0.63-0.75 range; almost all are below the ideal of 0.90 
but above the minimally acceptable 0.60 (9,13). There 
have been no attempts to combine several tests with sim- 
ilar cognitive domain measures into a composite score. 
This method is used with computer NP batteries and in- 
creases the reliability. 

E Randolph et al. (28) reviewed seven studies involving 
paper-and-pencil NP testing with respect to sensitivity. 
They concluded that the studies demonstrated “some evi- 
dence that standard paper-and-pencil tests are sensitive 
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to the effects of concussions, at least within the first five 
days of concussion” (28). 

E Clinical utility has not been demonstrated; most studies 
have not demonstrated that paper-and-pencil NP tests 
can detect concussion once players are asymptomatic. 


Computerized Neuropsychological Testing 


E Computerized batteries measure domains of memory, atten- 


tion, concentration, processing speed, and reaction time, as 
well as symptoms. 


E Five computerized NP tests are currently available for the 


evaluation of sports-related concussions: 

E Automated Neuropsychological Assessment Metric (ANAM) 

E CogSport/Axon Sports Computerized Cognitive Assess- 
ment Tool (CCAT) 

E HeadMinder Concussion Resolution Index (CRI) 

E Immediate Post-Concussion Assessment and Cognitive 
Testing (ImPACT) 


E Concussion Vital Signs 
A This test will not be discussed; as of October 2011, 
there were no evidence-based studies in the literature 
on its use in sports-related concussions. 


E Advantages and Disadvantages of Paper-and-Pencil, and 


Computerized NP Testing: see Table 26.1. 


ANAM 


E ANAM was the result of 30 years of test development. It was 


developed for serial testing and precision management of 


Table 26.1 | Advantages and Disadvantages of Neuropsychological (NP) Tests 


Paper-and-Pencil NP Test 


Computerized NP Test 





Advantages m Extensive/thorough battery 
m Validity in diagnosis 


m Lower cost of equipment 


Not ideal for serial use 

Lack of equivalent alternative forms 

Poor test-retest reliability 

Susceptibility to interrater biases and practice 
effects 

m Time required by athlete and neuropsychologist 
= Must be interpreted by neuropsychologist 

m Cost of administration and interpretation 


Disadvantages 


Instant scoring; instant information to provider 

More precise timing measures (reaction time measured to 1/100 of 
second) 

Multiple equivalent forms, which decreases practice effects 
Standardization of stimuli 

Efficient in sports medicine setting 

Practitioner need not be present; athletic training staff/medical assistants 
may administer 

Large numbers of athletes can be tested at once 

Short administration time (< 25 minutes) 

Useful in serial testing 

Centralized data storage, analysis, and reporting 

Internet-based delivery possible 

Do not need neuropsychologist to interpret 


Practitioner need not be present 

Tests specific domains, and at times, patient may need more global as- 
sessment of cognitive functioning 

Baseline testing needed (to provide a better individual comparison) 
Cost of computers, software 
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cognitive function in the U.S. Military. It was not specifically 

developed for concussion assessment, but a sport medicine 

battery evolved. 

ANAM Sports Medicine Battery (ASMB) (16,31): 

E Code Substitution (CDS): Concentration 

E Code Substitution-Delayed (CDD): Concentration, 
mental processing 

E Continuous Performance Test (CPT): Attention and 
concentration 

E Mathematical Processing (MTH): The test of mental pro- 
cessing speed and efficiency 


ŒE Match to Sample (MSP): The test of visual memory 


E Simple Reaction Time (SRT): Test designed as a pure 
reaction time assessment 


Statistical support for use: 


E Cernich et al. (4) combined results of several studies on 
ANAM and concluded that there were significant practice 
effects (when individuals were tested 30 times in 4 days). 
Test-retest reliability measures in military cadets ranged 
from 0.38—0.87 on subsets tested (4,31). 

E A study by Segalowitz et al. (31) showed strong reliability 
(with a 1-week retest interval) in all subsets except re- 
action times, with Pearson coefficients of 0.67—0.81 and 
ICCs of 0.58-0.72. When aggregate scores were produced, 
the ICC increased to 0.86 (31). 

E A 2009 study by Kaminski et al. (16) examined test-retest 
reliability in the collegiate age group. Five trials 2 weeks 
apart showed an ICC of > 0.75. There was significant 
change from trial 1 to trial 2 before the score became sta- 
ble, indicating support for double baseline testing (16). 
This study had participants tested at the same time of 
day to minimize effects of circadian rhythm, fatigue, and 
time since last meal; to have higher reliability, one should 
probably control these factors. 


E Several studies have shown that ANAM has consistent 
correlations with traditional NP tests, suggesting ad- 
equate concurrent validity (4,28,31). 

E Cernich et al. (4) compared ANAM’s sensitivity to mild 
traumatic brain injury relative to a comprehensive bat- 
tery of traditional NP measures; ANAM detected signifi- 
cant differences on four of five ANAM measures (4). 

E U.S. Military Academy surveillance data showed that 
SRT and CPT subtests were more sensitive in detecting 
cognitive changes after concussion; this was seen most 
prominently 1-2 days after concussion. Recovery in 
cognitive performance occurred in the 3- to 7-day time 
frame (4). 


CogSport/Axon Sports CCAT 


E Background: Computerized NP test that was developed in 


Australia and first available for use in sports concussion 
in 2002. Axon Sports CCAT is the online version of this 
test. This test is designed to be brief and keep the athlete 
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motivated. It is not intended to be a complete NP battery but 

focuses on speed and accuracy to detect change in cognitive 

measures over time. 

Test battery: The online version takes 12—15 minutes to com- 

plete and is composed of an initial response mapping, famil- 

iarizing the subject with the “yes” (K key) and “no” (D key) 
used in response during the following four tests below. 

E Processing speed task: This is a simple reaction time test. 

E Attention task: This is a choice reaction time task. 

E Learning task: This is a visual episodic recognition 
memory test. 

E Working memory task. 

A baseline report is marked as acceptable (check mark) or 

unacceptable. A baseline is unacceptable if it fails to meet in- 

tegrity checks or is more than two standard deviations from 
the age group mean. 

A practice test is recommended prior to taking the test, and 

baselines are repeated if unacceptable. 

A postinjury report is given with the scores, along with a 

conclusion of acceptable (or a green check mark) or “not re- 

turned to baseline” (or a red “X”). A performance on any task 
that is worse than 1.65 standard deviations from baseline is 
flagged as impaired. 

The test developer recommends that baseline testing be done 

at least once a year or before each contact sport season; it 

should be done more often if the athlete sustained a concus- 
sion that season or is a young athlete going through cognitive 
maturation. 

Statistical support for use: 

E Ina 2003 study by Collie et al. (5), test-retest reliability at 
1 hour and 1 week were studied. ICCs at 1 hour ranged 
from 0.08-0.90, with those subsets for speed ranging 
from 0.69-0.90 and those for accuracy ranging from 
0.08-0.45. At 1 week, ICCs were 0.31—0.82, with speed 
subsets ranging from 0.69-0.82 and accuracy subsets 
ranging from 0.31-0.51 (5). 

E Broglio (1) also looked at test-retest reliability for Cog- 
Sport, testing at baseline, 45 days, and 50 days. ICCs were 
0.23-0.65 from baseline to day 45 and 0.39-0.66 from 
day 45 to day 50. (Of note, three NP programs were tested 
back to back, which may have affected scores) (1). 

E Validity of CogSport compared to conventional NP tests 
was evaluated in 2003. ICCs between CogSport and Digit 
Symbol Substitution Test were 0.02—0.86, with speed 
ICCs of 0.42—0.86 and accuracy ICCs of 0.02-0.35. Com- 
paring CogSport to Trail Making Tests, the ICCs were 
0.04-0.44, with speed ICCs of 0.23-0.44 and accuracy 
ICCs of 0.04-0.38 (5). 

E Schatz and Putz (30) looked at cross-validation of Cog- 
Sport SRT and Complex Reaction Time (CRT) with Trail 
Making Tests A and B and Digit Symbol test and found 
Pearson’s coefficients for SRT to be 0.28, 0.17, and 0.08, 
respectively. Coefficients (r) with CRT were 0.54, 0.54, 
and 0.28, respectively (30). 
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E Ina 2010 study, RCIs were used to assess concussed in- 
dividuals’ return to baseline. The value of 1.65 standard 
deviation from the mean was used (based on 2004 study); 
a clinically relevant change from baseline was considered 
to be 50 milliseconds (20). 


E There is no evidence that composite scores are being pro- 
duced for Axon Sports CCAT tests. 

E Makdissi et al. (20) demonstrated both sensitivity and 
clinical utility; 70.8% of concussed patients in their 
cohort showed declines from baseline in one or more 
tests while symptomatic; 18% of patients showed 
deficits at 7 days. Computerized tests showed deficits 
2-3 days longer on average than symptoms and paper- 
and-pencil tests (20). 

E Reaction time measures have been shown to be the 
most sensitive index to cognitive changes following 
head injury (32). 


HeadMinder CRI 


Background: The CRI is composed of six subtests measuring 
reaction time, visual recognition, and speed of information 
processing. Three factors are derived from the subtests: Sim- 
ple Reaction Time (SRT), Complex Reaction Time (CRT), 
and Processing Speed (PS). The CRI primarily assesses cog- 
nitive change through online tests of attention and reaction 
time. 

Test battery (10): 

The Reaction Time subtest 

The Cued Reaction Time subtest 

The Animal Decoding subtest 

Visual Recognition 1 

Visual Recognition 2 


Symbol Scanning 
Statistical support for use: 


E Test-retest reliability over a 2-week interval demonstrated 
correlation coefficients of 0.82 for processing speed, 0.70 
for simple reaction time, and 0.68 for complex reaction 
time (10). 

E In a study by Broglio (1), ICCs were 0.15-0.66 from 
baseline to day 45 and 0.03—0.66 between days 45 and 50 
(three NP tests were tested back to back). 

E Ina 2001 study, Erlanger et al. described the sensitivity of 
88% when administered 1 to 2 days after injury (2). 

E Ina 2003 paper, CRI was 77% sensitive (using 90% confi- 
dence interval) in detecting concussion; when combined 
with symptoms, sensitivity was 96% (10). 

E Ina 2007 study, Broglio et al. (2) showed a sensitivity of 
78.6% for detecting concussion at 24 hours, compared 
with 68% for self-reported symptoms, 62% for postural 
changes, and 43% for paper-and-pencil tests. A complete 
battery together had a sensitivity of 89.3% (2). 

E Validity was looked at in multiple studies. Erlanger 
showed that response speed scores correlated with Trail 
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Making Test A (0.73) and Trail Making Test B (0.74) 
and that PS scores correlated with WAIS-III Digit Span 
(0.53) and SDMT (0.66). In a cross-validation study, less 
significant correlations were seen between HeadMinder 
SRT and CRT and Trail Making A, Trail Making B, and 
Digit Symbol tests, with correlations (r) of 0.43, 0.23, and 
0.53 and 0.06, 0.32, and 0.30, respectively. However, PS 
correlated with Trail Making Test B (r = 0.60) and Digit 
Symbol Test (r = 0.61) (30). Finally, in a 2003 study, con- 
current validity was looked at in comparing CRI PS, SRT, 
and CRT indices to a variety of paper-and-pencil tests. PS 
showed the best correlation (0.57—0.66) with the WAIS, 
SDMT, and Grooved Pegboard tests. SRT index corre- 
lated best with Grooved Pegboard (0.46—0.60), and cor- 
relation of CRT was 0.40 with Trail Making Test A and 
0.59-0.70 with Grooved Pegboard (10). 

E Erlanger et al. (10) examined CRI, RCI, and REG (multi- 
ple regression) with 90% confidence intervals in a cohort 
of concussed patients. 


ImPACT 


Background: The ImPACT test was developed in the United 
States in the 1990s. This 20-minute test assesses symptoms 
along with cognitive domains of attention span, working 
memory, sustained and selective attention, response vari- 
ability, nonverbal problem solving, and reaction time. 

Test battery: Consists of six modules, which are individually 
scored and then used to calculate five composite scores. 

E Word Discrimination: This module evaluates attentional 

processes and verbal recognition memory. 


E Design Memory: This test evaluates attentional processes 
and visual recognition memory. 

E X’s and O’s: This measures visual working memory as 
well as visual processing speed. 

E Symbol Matching: This test evaluates visual processing 
speed, learning, and memory 

™ Color Match: This module is a choice reaction time 
task and also measures impulse control and response 
inhibition. 

E Three Letter Memory: This measures working memory 
and visual-motor response speed. 

Composite scores: verbal memory, visual memory, process- 

ing speed composite, reaction time composite, and impulse 

control composite 


E A total symptom score composite is also part of the test 


(22 symptoms rated from 1 to 6). 

Statistical support for use: 

E Broglio (1) looked at ImPACT scores at 45 and 50 days 
compared to baseline and found ICCs to be 0.23-0.39 
from baseline to day 45 and 0.39-0.61 from baseline to 
day 50. These were lower than previous studies, but test- 
ing involved doing three NP tests back to back, which 
may have affected performance. 
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Iverson et al. (14) reported 7-day test-retest reliabili- 
ties for ImPACT to be 0.65-0.86 for the five domain 
scores, with processing speed and reaction time being 
the highest. 

Schatz (29) looked at 2-year test-retest reliability in 
2010. ICCs were as follows: verbal memory = 0.46, 
visual memory = 0.65, reaction time = 0.68, processing 
speed = 0.74, and symptoms scale = 0.43. 

In 2006, Schatz et al. (2) showed sensitivity of ImPACT to 
be 82% when administered 72 hours after injury. 

The Broglio et al. (2) study published in 2007 found the 
sensitivity of ImPACT to be 79.2%, compared with 68% 
for self-reported symptoms, 62% for postural changes, 
and 43% for paper-and-pencil tests. A complete battery 
together had a sensitivity of > 90% . 

Validity is demonstrated for performance on SDMT, 
which was shown to correlate significantly with ImPACT 
processing speed (r = 0.70) and reaction time (r = 0.60) 
(30). 

Postconcussive symptoms were significantly related to 
decreased performance on ImPACT reaction time, visual 
and verbal memory, and processing speed, indicating that 
ImPACT is sensitive to acute effects of concussion (11). 
A cross-validation study in 2006 showed correlations 
(Pearson’s or r) between ImPACT reaction time and 
Trail Making Test A, Trail Making Test B, and Digit 
Symbol test to be 0.64, 0.44, and 0.46, respectively. 
Correlations between PS and Trail Making Test B and 
Digit Symbol test were found to be 0.51 and 0.54, 
respectively (30). 

An article on interpreting change in IMPACT delineates 
RCI and specific measures for each of the composite 
scores that are the reliable change variables set by 80% 
confidence intervals (based on changes in a group of 
nonconcussed athletes). Using these RCIs in evaluation, 
the study in concussed athletes at 72 hours showed that 
64% had declines in two or more of the five composite 
scores and 76% had declines in one or more scores. They 
note that RCIs are used to supplement interpretation and 
not replace clinical judgment (14). 

McClincy et al. (21) showed that ImPACT scores dem- 
onstrated changes 4—7 days after clinical symptoms had 
resolved. 

Iverson et al. (15), in 2003, showed that symptoms in 
high school athletes resolved, on average, after 7 days, but 
ImPACT showed changes, on average, until 10 days. 
Lovell (15), in 2007, showed that average symptoms in 
high school students lasted 17 days compared with 26 
days of NP test changes. 

In a study of high school and college students, Van Kam- 
pen et al. (33) noted that 2 days after injury, 64% reported 
symptoms, but 83% had neurocognitive changes seen on 
ImPACT (93% were identified as concussed with either 
symptoms or NP changes). 





CONSIDERATIONS IN 
NEUROPSYCHOLOGICAL TESTING 





Baseline Testing 


The principle behind baseline testing is to compare an ath- 
lete’s neurocognitive functioning after concussion to his or 
her own neurocognitive function (as measured by an NP test) 
rather than to a group norm or age-matched control. Given 
that multiple issues can affect testing, comparing to one’s 
own baseline will help control for some of these variables. 
“Post-injury neuropsychological test data are more useful if 
compared to the athlete’s pre-injury baseline” (12). 

Baseline testing can be used to track recovery. 

Baseline testing is ideally performed in a quiet environment 
with no distractions, with the athlete well rested and a per- 
son who knows how to administer the test. 
Recommendations for frequency of baseline testing vary. 
The frequency could be every contact sport season, every 
year, or every 2 years. 

It has been observed that baseline NP tests change with cog- 
nitive maturity in the adolescent years. In a study with paper- 
and-pencil NP tests, average baselines were different among 
different grades in high school (13). 

Test-retest reliability studies on individual tests give some in- 
dication of the stability of the testing in different populations 
(high school vs. college vs. postcollege athletes). 

“Double baseline testing,” or repeating the test twice in a 1- to 
2-week span, has been suggested by some NP test developers 
to control for the learning effect seen in studies in the first 
two repetitions of the test. 

Practice effects can also be controlled for with statistical 
measures such as RCI and regression-based measures. 


Factors Affecting Testing (23,26) 


Psychological: Test or general anxiety, fear, depression, stress, 
other emotional states 

Physiological: Sleep, alertness, pain, medication, nutrition, 
hormonal, severity of present concussion 

Cultural: education, language, previous exposure to testing 
or use of computers 

Premorbid conditions/past history: learning disorders (atten- 
tion deficit hyperactivity disorder or others), developmental 
disorders, personality disorders, previous concussions or head 
injuries, drug use, alcohol use 

Genetic: age, intelligence, sex, race, handedness, visual acuity, 
auditory acuity 

Methodologic: test setting/atmosphere (temperature, quiet), 
time of day, size of computer display, practice/learning effects, 
administrator expertise 

Other: random variance/chance, motivation, effort, prior test- 
ing (affect of multiple tests in 1 week or a short period of time) 
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Interpretation of Testing 


Individual states may have laws that pertain to who may 
interpret and administer NP tests. 


Paper-and-pencil tests should be administered and inter- 
preted by a neuropsychologist or other practitioner who is 
trained in the administration and interpretation of the tests. 


Computerized NP testing batteries have different reports that 
are generated from the testing. Some give composite scores 
that can be compared to baseline, and some give an overall 
assessment of acceptable or not returned to baseline. Depend- 
ing on the type of report, there may be ability to interpret the 
scores with respect to an individual patient’s situation. Ability 
to look at individual tests allows one to use clinical judgment 
and incorporate NP tests results with the rest of the clinician’s 
armamentarium for concussion assessment. 

Test interpretation requires understanding patient symp- 
toms, psychometric properties of the test, complex interac- 
tions of test data, sources of error, extra-test variables, and 
intraindividual variables (8). 

While some believe that only neuropsychologists should 
interpret the computerized NP tests, a more appropriate 
statement may be that NP tests should be interpreted by a 
medical provider trained in the use and interpretation of 
that particular NP test. 


Some of the computerized NP tests offer training in the 
use and interpretation of the tests Interpretation of test- 
ing should take into account the factors affecting testing 
described earlier. 


Administration of Testing 


Testing should be administered by a qualified health profes- 
sional appropriately instructed in the administration of that 
test. For computer NP testing in the collegiate, professional, 
and high school setting, this role has been largely delegated 
to the athletic trainer. 


There are no evidence-based guidelines on when and how 
often to administer a computerized NP test. 


Some providers use NP tests when symptomatic to docu- 
ment a postinjury starting point when there is no baseline, to 
prove there are neurocognitive changes to the athlete/coach/ 
parent, to confirm diagnosis if it is in question, or to help 
guide academic considerations. 


Another common time to do the first post-injury NP test is 
when the player is asymptomatic to determine if the athlete 
can be started in an exercise progression. 


Lastly, some practitioners choose to start an exercise progres- 
sion when asymptomatic and use the NP test at the end of 
exercise progression before clearance to full-contact sports. 


It is not uncommon for an athlete to take two or more NP 
tests before return to sport. One must be careful not to ad- 
minister too many tests in a short time span because factors 
of learning, interference (of word groups, card numbers, 
etc.), and decreased motivation may affect test scores. 
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Factors Affecting Baseline Scores, Postinjury 
Scores, and Recovery Course 


Age 


Younger brains may be more vulnerable to injury. This may 
be related to less myelination, greater head to body ratio, 
or thinner cranial bones. However, the primary factor is 
thought to be cognitive maturity (13) and possibly increased 
susceptibility to the neurometabolic changes associated with 
mild traumatic brain injury (15). 


Cognitive maturity increases through adulthood, with ex- 
ecutive functioning the last to mature at age 24 (13). 

A study on baseline neurocognitive testing with paper-and- 
pencil test in high school students showed leveling off of the 
Trail Making A, Trail Making B, and SDMT at age 15, but 
reaction time continued to change (13). 


In one study, those high school students classified as hav- 
ing simple concussions recovered in an average of 5.7 days 
(43.5% of cases), while those classified as having complex 
concussions took an average of 29.3 days (56.5%) (17). 


Ina study of high school and college Australian rules football 
players (age 16-35), the majority of players returned to play 
by 7 days (when using NP testing along with clinical assess- 
ment) with the mean return to play of 4.8 days. However, 
17.9% still had cognitive changes at 1 week (20). 


In professional and college players, average time to return to 
play in studies is < 3 days and 5-7 days, respectively (15). 


Sex 


Female athletes may be at greater risk for concussion due to 
differences in head-neck dynamics. They may also may expe- 
rience different symptoms and recovery patterns (7). 

A study by Colvin et al. (7) showed decreased reaction times 
in female soccer players as compared to male counterparts. 
There was also a trend of decreased performance on memory 
and visual motor speed. These differences were found to be 
unrelated to body mass index. They also saw an increased 
number of symptoms and a different recovery pattern in the 
female soccer players (7). 


Brown et al. (3) found differences in several subset scores 
on ANAM in men and women, with women scoring higher 
than men on the Sternberg memory search (ST6) subtest and 
men scoring higher on SRTs 1 and 2, and Matching to sample 
pairs (MSP). 


History of Prior Concussion 


A study on soccer players showed that those with no history 
of concussion performed better on ImPACT than those with 
more than one concussion (7). This is different than what has 
been shown in several other studies that found no associa- 
tion between athletes reporting two or more concussions and 
those reporting with none or one concussion (3). However, 
in a study examining multiple concussions in college football 
players, Collins and colleagues demonstrated long-term mild 
deficits in executive functioning and speed of information 


170 SECTION ii Evaluation of the Injured Athlete 


processing in athletes who sustained two or more concus- 
sions (15). A retrospective study surveying a sample of retired 
NFL athletes found that those who had experienced three or 
more concussions were more likely to report symptoms of 
cognitive impairment and depression (15). 


Dehydration 

E A study by Patel et al. (25) showed that dehydration led to 
greater symptom reporting and greater severity of symptoms 
at time of baseline testing but no NP test differences. This 
might indicate that symptoms alone may be misleading in a 
dehydrated athlete with a possible concussion. 


Symptomatology and Recovery 

E Headache is the most often reported symptom, documented 
in 40%-86% of concussions. Presence of headache, regard- 
less of severity, is associated with higher levels of postcon- 
cussion symptoms, memory dysfunction, and decreased 
reaction time at 1 week after injury (11). 

E Concussed athletes with headache were more likely to have had 
retrograde amnesia and five times more likely to have experi- 
enced mental status changes > 5 minutes after concussion (11). 


E Concussed athletes with posttraumatic migraine have the 
most postinjury impairment, with significant decreases in 
visual memory, verbal memory, processing speed, and reac- 
tion time at 4 days post-injury (11). Athletes who experience 
headaches accompanied by typical migraine-type symptoms 
of nausea, vomiting, vision changes, and photophobia or 
phonophobia may experience a greater severity of symptoms 
and prolonged recovery (15). 

E Iverson looked at fogginess and found that any fogginess af- 
ter concussion was related to a higher number of concussion 
symptoms and a decreased performance in memory, reac- 
tion time, and processing speed at 5 and 10 days (11). 


Arguments Against Baseline 
Neuropsychological Testing in Concussion 


E If it is mandated, it could be costly to test all age groups and 
all college and professional athletes. 


E True risks of returning an athlete to play before symptoms 
have resolved may be overstated (27). Incidence of second 
impact syndrome is low, and if ongoing research confirms 
a genetic predisposition, it may not be preventable. The rate 
of second concussion in a season was reported to be 6.5% in 
a study by Guskiewicz, which is not higher than the range 
of 3%-8% of primary concussions in a season reported in 
the literature. However, there may be a vulnerable postcon- 
cussion period; in one study, 90% of second concussions 
occurred in the within 10 days of the initial concussion (27). 


E Utilization of testing may not modify risks or change out- 
come (27). 

E There is currently no adequate research to show that baseline 
testing changes long-term outcomes with respect to multiple 
concussions and head trauma over a career and the individ- 
ual’s cognitive functioning or abilities in the future (27). 





FUTURE DIRECTIONS 





NP testing has increasingly been used in the management of 
sport-related concussions. There are many studies on the var- 
ious computer-based tests, each demonstrating some aspect 
of testing and evidence to support its use. Not all aspects of all 
of the computer-based (or even the paper-and-pencil) tools 
have been proven in terms of meeting statistical standards 
that we apply to clinical tests. The research will continue to 
grow as researchers and clinicians explore and validate these 
tests and their use in the realm of sports concussion. 


It is important to realize that NP testing is not meant to be and 
has not been proven to be the gold standard single test in the 
evaluation of concussion and should not replace clinical judg- 
ment. It is one of several tools along with history, physical exam, 
and balance testing that together can provide information that 
can assist the treating physician in decision making for the treat- 
ment and return-to-play decisions in athletes with concussion. 
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INTRODUCTION 





E Exercise is clearly associated with improved cardiovascular 
health. In addition to a direct conditioning effect, physical ac- 
tivity is critical in the management and prevention of several 
chronic medical conditions that impact overall health (47). 

E However, vigorous exercise also can be a trigger for sudden 
cardiac arrest in individuals with underlying cardiovascular 
disease (43). 

E Sudden death in athletes is most often attributable to a cardio- 
vascular disorder. Sudden cardiac death represents 75% of fatali- 
ties in National Collegiate Athletic Association (NCAA) athletes 
during training or competition, more than deaths related to 
blunt trauma, heat stroke, and sickle cell trait combined (1). 

E A high index of suspicion must be maintained during 
screening to detect conditions associated with sudden death, 
including appropriate individual assessments as well as 
reasonable measures to evaluate large populations. 

E When a serious cardiovascular condition is identified, ap- 
propriate treatment and activity modification may decrease 
the risk of sudden death. 





CARDIOVASCULAR BENEFITS 
OF EXERCISE 





E The lack of regular physical activity has clearly been associ- 
ated with an increase in coronary heart disease and the in- 
cidence of adverse cardiac events (4,34,41,48,49). Multiple 
studies have confirmed the benefit of aerobic exercise with 
a reduction in the number of cardiac events and a reduction 
in mortality (3,18,34,36,50). Although there is an increased 
risk for adverse cardiac events during activity, there is over- 
whelming evidence that the net benefits of consistent and 
regular physical exercise outweigh these risks in the primary 
prevention of cardiovascular disease (22,45). 





THE ATHLETIC HEART SYNDROME 





E Vigorous athletic training is associated with specific physio- 
logic and structural cardiovascular changes, so-called athletic 
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heart syndrome (15,28). These changes represent normal 
adaptations to physical conditioning. 

Studies demonstrate a constellation of morphologic changes 
that vary depending on the type of training (39). 

In endurance-trained athletes, a chronic volume overload 
results in an increase in both left ventricular end-diastolic 
diameter and left ventricular wall thickness. This eccentric 
hypertrophy allows a larger stroke volume and thus a greater 
overall cardiac output at faster heart rates. Biatrial enlarge- 
ment and right ventricular dilation also can be seen. 
Strength-trained athletes develop a concentric hypertro- 
phy with an increase in absolute and relative wall thickness 
without significant changes in end-diastolic diameter. Right- 
sided and atrial dimensions typically remain unchanged. 

It is important to remember that the adaptive structural and 
physiologic response of the normal athletic heart does not rule 
out the presence of an underlying pathologic condition. In fact, 
it makes the task of diagnosing that condition more challeng- 
ing for the primary care physician, sports medicine physician, 
and cardiologist (21). Criteria for distinguishing the character- 
istics of athletic heart syndrome from significant underlying 
pathology have been defined and, in some circumstances, may 
require detraining for 2-3 months (21). In benign cases, full 
resolution should be observed, whereas residual hypertrophic 
changes may suggest underlying concerns (38). 


Physical Examination 


E The heart rate of well-conditioned athletes is usually between 


40 and 60 bpm, secondary to enhanced vagal tone, decreased 
sympathetic tone, and a larger stroke volume. Thus, sinus 
bradycardia is a common finding, and sinus arrhythmia may 
be more noticeable. 

The physiologic splitting of S2 may be slightly delayed 
during inspiration due to the larger stroke volume. An S3 
may be noted in endurance-trained athletes secondary to the 
increased rate of left ventricular filling associated with the 
relative left ventricular dilatation (13,28). 

Although an S4 may be noted in strength-trained athletes 
secondary to concentric hypertrophy, its presence always 
warrants clinical evaluation. Functional (flow) murmurs 
characterized by a soft 1-2/6 ejection murmur often present 
when supine and diminished with standing or Valsalva may be 
noted in 30%—50% of athletes on careful examination (15). 
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Classification of Abnormalities of the 
Athlete's Electrocardiogram 


Common EGG Findings in Athletic 


Heart Syndrome 














Sinus bradycardia Sinus arrhythmia Group 1: Common and Training-Related ECG Changes 

First-degree AV block Wenckebach AV block Sinus bradycardia 

Incomplete RBBB Notched P waves First-degree AV block 

RVH by voltage criteria LVH by voltage criteria Incomplete RBBB 

Early repolarization changes QTc interval at upper limit Early repolarization 

Tall, peaked T waves Isolated QRS voltage criteria for left ventricular hypertrophy 
AV, atrioventricular; ECG, electrocardiogram; LVH, left ventricular hypertrophy; Group 2: Uncommon and Training-Unrelated ECG Changes 


RBBB, right bundle branch block; RVH, right ventricular hypertrophy. 
SOURCE: Adapted from Huston TP, Puffer JC, Rodney WM. The athletic heart 
syndrome. N Engl J Med. 1985;313:24-32. ST-segment depression 


T-wave inversion 


Pathologic Q waves 


Electrocardiographic Changes Left atrial enlargement 


; . . Left axis deviation/left anterior hemiblock 
E Several electrocardiographic changes can be seen in well- 


conditioned athletes. In most cases, these changes are benign 
reflections of structural and functional changes. However, Right ventricular hypertrophy 
some findings are abnormal and may suggest underlying Ventricular pre-excitation 

pathology. It can be challenging to distinguish adaptive 
versus pathologic changes in trained athletes, and modern 
electrocardiogram (ECG) criteria should be used to assist in 
interpretation (8,9,14,15) (Tables 27.1 and 27.2). Brugada-like early repolarization 


Right axis deviation/left posterior hemiblock 


Complete LBBB or RBBB 


Long- or short-QT interval 


E FCG is helpful in the initial evaluation of cardiac conditions AV, atrioventricular; ECG, electrocardiogram; LBBB, left bundle branch block; 
in athletes who present with cardiovascular symptoms or RBBB, right bundle branch block. 


h biormalindn aphysical examination SOURCE: Reproduced with permission from Corrado D, Pelliccia A, Heidbuchel H, 
ave abno Ss on physical ex on; et al. Recommendations for interpretation of 12-lead electrocardiogram in the athlete. 


E The role of ECG in the preparticipation screening of athletes Eur Heart J. 2010;31:243-59. 
is controversial. Opponents of ECG screening are concerned 
about false-positive results, cost effectiveness, and unnecessary  ™ In younger athletes, sudden cardiac death is most often the 


disqualifications in athletes (46). Proponents of ECG screening result of intrinsic structural or electrical abnormalities. 
recognize that the sensitivity of a history and physical exami- Hypertrophic cardiomyopathy (HCM) is the most common 
nation alone to detect potentially lethal cardiovascular disor- cause of sudden cardiac death, followed by coronary artery 
ders in athletes is very low, that the addition of an ECG greatly anomalies, myocarditis, and arrhythmogenic right ventricu- 
increases the sensitivity, and that it can be accomplished with lar cardiomyopathy (ARVC). Other etiologies include genetic 
a low and acceptable false-positive rate when performed by ex- conductive system abnormalities such as ion channel disorders 
perienced physicians guided by modern ECG criteria (11,35). (long QT syndrome), aortic rupture from Marfan syndrome, 


premature coronary artery disease, idiopathic left ventricular 
hypertrophy, substance abuse (cocaine or steroids), aortic ste- 
SUDDEN CARDIAC DEATH IN EXERCISE nosis, mitral valve prolapse, sickle cell trait, and blunt chest 
trauma (commotio cordis). This list reflects cases of sudden 
death in athletes over the past two decades in the United States 
(23). It is important to note that the relative prevalence of 
many of these conditions is variable, based on regional and 
ethnic differences. For example, ARVC is the leading cause of 
sudden cardiac death in the Veneto region of Italy (12). 








E The overall risk of sudden death during exercise varies depend- 
ing on age, gender, and sport. Estimates from studies in run- 
ners range from 1:15,000 joggers per year to 1:50,000 marathon 
participants per race (24,43). For high school and college-aged 
athletes, the range is 1:45,000 to 1:160,000 per year, and sudden 
deaths occur disproportionally more often in males, African 
Americans, and basketball and football players (1,23). 


E The specific etiologies contributing to sudden cardiac death E The American Heart Association (AHA) Science and Adviso- 


Screening for Sudden Death 


are strongly related to age. For sudden death in persons over ry Committee published consensus guidelines for prepartici- 
age 35, more than 75% are associated with coronary artery pation cardiovascular screening for high school and college 
disease. This association increases with age, consistent with athletes in 1996 and reaffirmed their recommendations in 


the rising prevalence of atherosclerosis (18). 2007 (25,26). A complete personal and family history and 
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physical examination should be done for all athletes. It should 
focus on identifying those cardiovascular conditions known 
to cause sudden death. The recommended interval for evalu- 
ation begins in middle school and is repeated every 2 years 
with an interim history between examinations (Table 27.3). 


Table 27.4 | Features of Marfan Syndrome on 


Physical Examination 








Musculoskeletal 


E Family history should include a specific inquiry for a family Tallistature 


history of premature coronary artery disease, diabetes melli- 
tus, hypertension, sudden death, syncope, death or significant 
disability from cardiovascular disease in relatives younger than 
age 50, or the presence of inherited cardiac disorders such as 
HCM, ARVC, Marfan syndrome, and long QT syndrome. 


Thin body habitus (arm span to height ratio > 1.05) 


Arachnodactyly (long thin fingers; able to wrap hand around 
opposite wrist and overlap thumb and small finger) 


Pectus deformity 


; : ; : N High arched palate 
Œ Personal past history should include specific inquiries Š - j 
on the detection of a heart murmur; risk factors for coro- Kyphoscoliosis 
nary artery disease such as diabetes mellitus, hypertension, Joint laxity 


hyperlipidemia, and smoking; and a history of syncope, near Cardiovascular 


Systolic murmur (mitral valve prolapse) 


Diastolic murmur (aortic regurgitation) 


The 12-Element AHA Recommendations 








for Preparticipation Cardiovascular Ocular 
Screening of Competitive Athletes Myopia 
Medical History* Retinal detachment 
Personal History Lens subluxation 





SOURCE: Adapted from De Paepe A, Devereux RB, Dietz HC, Hennekam RC, 
Pyeritz RE. Revised diagnostic criteria for the Marfan syndrome. Am J Med Genet. 
1996;62(4):417-26. 


1. Exertional chest pain/discomfort 
2. Unexplained syncope/near syncope** 


3. Excessive exertional and unexplained dyspnea/fatigue, 
associated with exercise syncope, exercise intolerance, exertional chest pain, dyspnea, 


4. Prior recognition of a heart murmur or excessive fatigue. 


ŒE Physical examination should specifically address blood pres- 
sure, heart rhythm, cardiac auscultation, and the physical 
stigmata associated with Marfan syndrome (10) (Table 27.4). 


5. Elevated systemic blood pressure 
Family History 


6. Premature death (sudden and unexpected, or otherwise) before E 


: $ Cardiac auscultation should be performed in the supine and 
age 50 years due to heart disease, in = 1 relative 


standing positions. The classic murmur of obstructive HCM 
increases with maneuvers that decrease venous return such as 
Valsalva or moving from squatting to standing. In contrast, 
the murmur of aortic stenosis intensifies with squatting and 
decreases with Valsalva (31). 


7. Disability from heart disease in a close relative < 50 years of age 


8. Specific knowledge of certain cardiac conditions in family 
members: HCM, long QT syndrome, or other ion channelopathies, 
Marfan syndrome, or clinically important arrhythmias 


Physical Examination ŒE Simultaneous radial and femoral artery pulses should be as- 
sessed to exclude coarctation of the aorta. Brachial blood pres- 
sure should be measured with the appropriately sized cuff in 
the sitting position, and in the pediatric population, norma- 
tive values should be adjusted for age, gender, and height (29). 


9. Heart murmur# 
10. Femoral arterial pulses to exclude aortic coarctation 


11. Physical stigmata of Marfan syndrome 


12. Brachial blood pressure (sitting position)## E The use of ECG as a screening tool for conditions associat- 





* Parental verification is recommended for high school and middle school athletes. 
** Judged not to be neurocardiogenic (vasovagal); of particular concern when 
related to exertion. 

# Auscultation should be performed in both supine and standing positions (or with 
Valsalva maneuver), specifically to identify murmurs of dynamic left ventricular 
outflow tract obstruction. 

## Preferably taken in both arms. 

AHA, American Heart Association; HCM, hypertrophic cardiomyopathy. 
SOURCE: Reproduced with permission from Maron BJ, Thompson PD, Ackerman 
MJ. Recommendations and considerations related to preparticipation screening 
for cardiovascular abnormalities in competitive athletes: 2007 update: a scientific 
statement from the American Heart Association Council on Nutrition, Physical 
Activity, and Metabolism: endorsed by the American College of Cardiology 
Foundation. Circulation. 2007;115(12):1643-55. 


ed with sudden cardiac death continues to be the subject of 
much debate. An increasing number of governing bodies have 
endorsed the use of ECG screening for athletes, including 
the International Olympic Committee, European Society 
for Sports Medicine, Fédération Internationale de Football 
(FIFA), and all of the major U.S. professional sports leagues. 
However, concerns remain as to the feasibility of widespread 
ECG screening in younger or amateur populations (11). The 
normal adaptations of the “athletic heart” can make inter- 
pretation of ECG and echocardiogram problematic (37). 
False-positive rates, high relative costs, limited availability, 


and low prevalence of disease have all been cited as concerns 
for using ECG as a broad-based screening tool (25). 


However, the prevalence of occult cardiac conditions at risk for 
sudden death in young athletes is higher than once thought, and 
consistently 0.2%-0.7% in studies using ECG (1). In addition, 
integrated programs using ECG offer the only screening model 
shown to reliably identify athletes at risk for sudden cardiac 
death and the only evidence that such a program can reduce the 
rate of sudden death in athletes. Concern about excessively high 
abnormal results does not reflect more contemporary standards 
of ECG interpretation. Advancements in physician education 
and improvements to our health system infrastructure are need- 
ed as ECG screening becomes more available. 


E Exercise testing may be advisable prior to beginning an exer- 
cise program in older athletes with risk factors for coronary 
artery disease. See Chapters 12 (Exercise Prescription) and 21 
(Exercise Testing) for further discussion and recommendations. 


E Many conditions that cause sudden death in young athletes 
are familial (HCM—autosomal dominant defect in sarcomere 
formation; long QT syndrome—autosomal dominant sodium 
channel defect; Marfan syndrome—autosomal dominant mu- 
tation of FBN1 fibrillin gene; Brugada syndrome—autosomal 
dominant SCN5A channelopathy; ARVC—autosomal domi- 
nant defect). Although genetic testing is not routinely recom- 
mended for screening, it may be helpful in the evaluation of 
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athletes or family members when a relative is identified with 
an inheritable cardiac disease. 





SYNCOPE AND EXERCISE-ASSOCIATED 
COLLAPSE 





E Syncope is defined as a sudden loss of consciousness for a 


brief duration, in the absence of head trauma. Syncope occurs 
secondary to a sudden drop in cerebral blood flow or meta- 
bolic change (e.g., hypoglycemia or hypoxemia). Athletes 
who present with a history of exercise-related syncope (ERS) 
require a careful history and physical to differentiate benign 
from life-threatening etiologies (17,32) (Table 27.5). 


Exercise-associated collapse (EAC) refers to athletes who are 
unable to stand or walk unaided after exertion because of 
weakness, lightheadedness, faintness, or dizziness (42). 


Although ERS and EAC are not mutually exclusive, they 
demonstrate the spectrum of adverse events that can occur 
in the context of exercise. The history in each case becomes 
critical in the appropriate evaluation and treatment. The 
occurrence of collapse or syncope during exertion is an omi- 
nous sign of potential underlying pathology, whereas events 
occurring immediately after stopping exertion are more of- 
ten associated with benign etiology (7). 


Clinical Clues to Common Etiologies Presenting with Exertional Syncope 





Diagnosis Clinical Clues ECG 
Neurocardiogenic Noxious stimulus, prolonged upright Normal 

syncope position 
Supraventricular Palpitations, response to carotid sinus Pre-excitation 

tachyarrhythmias pressure 
HCM Grade III/VI systolic murmur, louder with Deep inverted T waves, Q waves, 

Valsalva (when present) pseudoinfarction pattern, left ventricular 
hypertrophy with strain 

Myocarditis Prior upper respiratory tract infection, Simulating a myocardial infarction 


Aortic stenosis 


Mitral valve prolapse 


Prolonged QT 
syndrome 


Coronary anomalies 


Acquired coronary 
artery diseases 


ARVC 


pneumonia, exertional fatigue, shortness 
of breath, recreational drug use 


Exertional syncope, grade III/VI harsh 
systolic crescendo-decrescendo murmur 


“Thumping heart,” Midsystolic click with 
or without a murmur 


Recurrent syncope with family history of 
sudden death 


Syncope, exertional chest pain 


Acute coronary syndrome (chest pain), 
family history 


Syncope, tachyarrhythmias 


with ectopy 
Left ventricular hypertrophy 
Normal 
Prolonged corrected QT interval 
(> 0.47 males, > 0.48 females) 


Normal resting ECG 


Ischemia, may be normal 


T wave inversion V1-V3 PVCs with LBBB 
configuration 


Suggested Diagnostic Testing 


Exercise testing 


Electrophysiologic study and 
definitive therapy 


Echocardiography with Doppler, 
consider cardiac MRI with 
gadolinium 


Viral studies, echocardiogram, 
drug screening 


Echocardiography with Doppler 


Echocardiography with Doppler 


Family history; exercise stress test 
with ECG after exercise 


Cardiac MRI or CT angiography 


Exercise testing with or without 
perfusion or contractile imaging 


Echocardiography with Doppler 
study, cardiac MRI 





ARVG, arrhythmogenic right ventricular cardiomyopathy; CT, computed tomography; ECG, electrocardiogram; HCM, hypertrophic cardiomyopathy; LBBB, left bundle branch 
block; MRI, magnetic resonance imaging; PVC, premature ventricular contraction. 

SOURCE: Adapted from Giese EA, O'Connor FG, Brennan FH, Depenbrock PJ, Oriscello RG. The athletic preparticipation evaluation: cardiovascular assessment. Am Fam 
Physician. 2007;75(7):1008-14. 
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E The presence of prodromal symptoms may help to identify repolarization abnormalities (T wave inversion, ST depression), 


specific conditions. Careful attention should be paid to any 
history of palpitations (arrhythmia), chest pain (ischemia 
or aortic dissection), nausea (ischemia or vagal activity), 
wheezing, or pruritus (anaphylaxis). Patients who suffer 
vasovagal reflex syncope often experience brief prodromal 
symptoms such as lightheadedness, tunnel vision, diaphore- 
sis, and nausea. In contrast, abrupt syncope is concerning for 
a ventricular arrhythmia. 


E A detailed physical examination should include a careful assess- 
ment of orthostatic vital signs, precordial auscultation atten- 
tive to the murmurs of HCM and aortic stenosis, and a careful 
search for any morphologic features of Marfan syndrome. An 
ECG should be obtained in all cases and should be evaluated 
closely for conditions that predispose to sudden death. This 
includes careful ECG assessment of rate, rhythm, QT interval, 


left or right ventricular hypertrophy, preexcitation pattern, and 
complications of ischemic heart disease (Q waves) (5). 

Initial blood test and additional ancillary evaluation should 
be directed by clinical suspicion based on the history and 
physical. In cases where no clear noncardiac cause is identi- 
fied, it is recommended that an echocardiogram and stress 
testing be completed. 

Advanced cardiac imaging, including cardiac MRI and coro- 
nary CT angiography, may be advisable in cases of suspected 
cardiac etiology when the preceding evaluation has been 
nondiagnostic (40). These advanced imaging modialities 
provide detailed morphologic assessments to further evalu- 
ate for cardiomyopathy or coronary artery anomalies. 
Figure 27.1 provides a suggested algorithm for the primary 
care evaluation of exertional syncope in the athlete (32). 


Exercise Related-Syncope 
In the Athlete 


| 


History, Physical Examination, Electrocardiogram 
and Laboratory Evaluation? 


l 


Unexplained Diagnostic or Strongly Suggestive 


Restrict from Play; | | 
Non-Life Potentially 


Order Echocardiogram 
And Stress Test? 
Threatening Life Threatening 


Diagnostic Yes Treat, Evaluate or Refer as Indicated; 
—— $ 
9 Return to Play as Indicated 


No lL- = 


z e No Consider Advanced 

Reassuring Clinical Features ———————————————_> Cardiac Imaging® 

e Post-exertional 

e Single Episode 

e Negative Family History 

e Normal Cardiac Examination 

e Normal Electrocardiogram 

e Normal Echocardiogram 

e Normal Stress Test 


Restrict from Play 


— 


Referral to Cardiologist 
or Appropriate Specialist 
Yes 


Reassurance; Return to Play a. Laboratory evaluation should be initiated as clinically indicated. 


b. Echocardiogram should be ordered prior to an individualized exercise stress test. 


with Individualized Follow-up 
Plan c. Advanced cardiac imaging (Cardiac CT/MRI) should be ordered in consultation with a specialist. 





Figure 27.1: Algorithm for the evaluation of exercise-related syncope in the athlete. Reproduced with permission from 
O'Connor FG, Levine BD, Childress MA, Asplundh CA, Oriscello RG. Practical management: a systematic approach to the evaluation 
of exercise-related syncope in athletes. Clin J Sport Med. 2009;19(5):429-34. 





HYPERTENSION IN ATHLETES 





Systemic hypertension remains one of the most common 
cardiovascular disorders in the United States and affects 
athletes of all ages and sports. The diagnosis, workup, and 
initial nonpharmacologic approach to treatment does not 
differ between athletes and nonathletes. This approach is 
consistent with current recommendations. (Joint National 
Committee on Prevention, Detection, Evaluation, and Treat- 
ment of High Blood Pressure, 2003) (6). 


Care must be taken not to overdiagnose the condition in 
young athletes and to use proper fitting cuffs with three dif- 
ferent measures on 3 different days, adjusting for norms for 
age, gender, and height (20) (Table 27.6). 


Updated blood pressure tables are published by the National 
Heart, Lung, and Blood Institute (http://www.nhlbi.nih.gov/ 
guidelines/hypertension/child_tbl.htm). 


An appropriate search for secondary etiologies and assess- 
ment for target end-organ damage should guide the history, 
physical, laboratory evaluation, and ancillary testing. 


History should inquire about substances that may affect 
blood pressure (e.g., nonsteroidal anti-inflammatory drugs 
[NSAIDs], stimulants, anabolic steroids), and testing should 
include ECG, urinalysis, complete blood count (CBC), 
electrolytes, fasting glucose, lipid profile, blood urea nitro- 
gen (BUN), and creatinine (19). All athletes with stage 1 or 
2 hypertension should have an echocardiogram evaluating 
for target organ disease. An echocardiogram should also be 
considered in athletes with abnormal ECG findings (16). 
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E Nonpharmacologic treatment should be initiated, includ- 


ing engagement in moderate physical activity, maintenance 
of ideal body weight, limitation of alcohol, reduction in so- 
dium intake, maintenance of adequate potassium intake, and 
consumption of a diet high in fruits and vegetables and low 
in total and saturated fat (16,30,33). 


When indicated, pharmacologic treatment should be initiat- 
ed. Generally, angiotensin-converting enzyme (ACE) inhibi- 
tors, calcium channel blockers, and angiotensin-II receptor 
blockers are excellent choices for athletes with hyperten- 
sion. Their low side effect profile and favorable physiologic 
hemodynamics make them generally safe and effective. It is 
preferable to avoid diuretics and B-blockers in young ath- 
letes. Volume and potassium balance issues limit diuretic use, 
and B-blockers adversely impact maximum cardiovascular 
performance (16,30,33). Additional care must be taken in 
prescribing antihypertensives in elite athletes because some 
may be prohibited by sport governing bodies, including the 
NCAA, International Olympic Committee, and the World 
Anti-Doping Agency (http://www.wada-ama.org). 
Restriction of activity for athletes with hypertension depends 
on the degree of target organ damage and on the overall con- 
trol of the blood pressure (16). 


The presence of mild to moderate hypertension (stage 1) 
without target organ damage or concomitant heart dis- 
ease should not limit eligibility for competitive sports (27). 
Athletes with severe hypertension (stage 2) should be re- 
stricted, particularly from static sports, until their hyperten- 
sion is controlled. When hypertension coexists with other 
cardiovascular diseases, eligibility for competitive sports is 


Table 27.6 | Classification of Hypertension in Children and Adolescents, With Measurement Frequency and 





Therapy Recommendations 





SBP or DBP Frequency of BP Measurement Therapeutic Lifestyle Pharmacologic Therapy 
Percentile* Changes 
Normal < 90th Recheck at next scheduled Encourage healthy diet, — 


physical examination 


90th to < 95th or if BP. Recheck in 6 mo 


exceeds 120/80 even if 


Prehypertension 


sleep, and physical activity 


Weight-management None unless compelling indica- 


< 90th percentile up 
to < 95th percentile 


Stage 1 hypertension 95th—99th percentile 


plus 5 mm Hg 


Stage 2 hypertension > 99th percentile plus 


5 mm Hg 


Recheck in 1-2 wk or sooner if 


the patient is symptomatic; if 


persistently elevated on 2 addi- 
tional occasions, evaluate or refer 


to source of care within 1 mo 


Evaluate or refer to source of care 


within 1 wk or immediately if 
the patient is symptomatic 


counseling if overweight; 
introduce physical activity 
and diet management} 


Weight-management 
counseling if overweight; 
introduce physical activity 
and diet management} 


Weight-management 
counseling if overweight; 
introduce physical activity 
and diet management} 


tions such as chronic kidney 
disease, diabetes mellitus, 
heart failure, or LVH exist 


Initiate therapy based on 
indications in Table 6 or 
if compelling indications 
(as shown above) exist 


Initiate therapy 





* For gender, age, and height measured on at least 3 separate occasions; if systolic and diastolic categories are different, categorize by the higher value. 
+ This occurs typically at 12 years old for SBP and at 16 years old for DBP. 
+ Parents and children trying to modify the eating plan to the Dietary Approaches to Stop Hypertension Study eating plan could benefit from consultation with a registered or 


licensed nutritionist to get them started. 
§ More than 1 drug may be required 
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usually based on the severity of the other associated condi- 
tion (16). 

E In children and adolescents, the presence of severe hyper- 
tension (stage 2) or target organ disease warrants restriction 
until hypertension is under adequate control. The presence 
of mild to moderate hypertension (stage 1) should not limit 
a young athlete’s eligibility for competitive athletics (29). 





CORONARY ARTERY 
DISEASE IN ATHLETES 





E Individuals diagnosed with coronary artery disease (CAD) 
require careful risk stratification prior to continuing or ini- 
tiating exercise. Such an evaluation may require procedures 
for left ventricular assessment, maximal treadmill testing to 
determine functional capacity, and stress testing for induc- 
ible ischemia. Patients should be tested on their medications 
when possible. 


E The 36th Bethesda Conference defines clear stratification 
criteria (Table 27.7) accompanied by activity recommenda- 


Table 27.7 | Stratification Categories for Coronary 


Artery Disease Patients by the 
36th Bethesda Conference 








Mildly Increased Risk 
m LVEF > 50% 
m Normal exercise tolerance for age: 
m > 10 METS if age < 50 
m >9METS if age 50-59 
m >8 METS if age 60-69 
m >7METS if age > 70 


E Absence of exercise-induced ischemia and exercise-induced or 
postexercise complex ventricular arrhythmias 


m Absence of hemodynamically significant stenosis (generally 
regarded as 50% or more luminal diameter narrowing) in any 
major coronary artery by coronary angiography 


Æ Successful myocardial revascularization by surgical or percutaneous 
techniques if such revascularization was performed 


Substantially Increased Risk 
E Impaired LV systolic function at rest (EF < 50%) 


m Evidence of exercise-induced myocardial ischemia or complex 
ventricular arrhythmias 


m Hemodynamically significant stenosis (generally regarded as 50% 
or more luminal diameter narrowing) of a major coronary artery if 
coronary angiography was performed 





FF, ejection fraction; LV, left ventricular; LVEF, left ventricular ejection fraction; 
MET, metabolic equivalent. 

SOURCE: Adapted from Thompson PD, Balady GJ, Chaitman BR, Clark LT, Levine BD, 
Myerburg RJ. Task Force 6: coronary artery disease. J Am Coll Cardiol. 2005;45(8):1348-53. 
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Summary of 36th Bethesda 


Conference Recommendations for 
Patients With Coronary Artery Disease 





@ Athletes in the mildly increased risk group can participate in low 
dynamic and low/moderate static competitive sports, but should avoid 
intensely competitive situations. Selected athletes with mildly increased 
risk may be permitted to compete in sports of higher levels of intensity 
when their overall clinical profile suggests very low exercise risk. 


@ Allathletes should understand that the risk of a cardiac event with 
exertion is probably increased once coronary atherosclerosis of any 
severity is present. 

m Athletes with mildly increased risk engaging in competitive sports 
should undergo reevaluation of their risk stratification at least annually. 

m Athletes in the substantially increased risk category should generally 
be restricted to low-intensity competitive sports. 


m Athletes should be informed of the nature of prodromal symptoms 
(such as chest, arm, jaw, and shoulder discomfort, unusual dyspnea) 
and should be instructed to cease their sports activity promptly and 
to contact their physician if symptoms appear. 


m Those with a recent MI or myocardial revascularization should 
cease their athletic training and competition until recovery is 
deemed complete. 

m Allathletes with atherosclerotic CAD should have their athero- 
sclerotic risk factors aggressively treated as studies suggest that 
comprehensive risk reduction is likely to stabilize coronary lesions 
and may reduce the risk of exercise-related events. 





CAD, coronary artery disease; MI, myocardial infarction. 

SOURCE: Adapted from Thompson PD, Balady GJ, Chaitman BR, Clark LT, 
Levine BD, Myerburg RJ. Task Force 6: coronary artery disease. J Am Coll Cardiol. 
2005345(8):1348-53. 


tions (Table 27.8) (44). This provides a general and con- 
servative approach to the individual in regards to competi- 
tive sports. 





ARRHYTHMIAS IN ATHLETES 





E Lethal cardiac arrhythmias represent the most serious risk 
for sudden death in athletes. Symptoms of a potential ven- 
tricular arrhythmia may include syncope, near syncope, 
palpitations, exertional chest discomfort, severe dyspnea, or 
uncommon exertional fatigue. 

ŒE Structural heart disease must be ruled out before the athlete 
is allowed to return to sports (20,32,44,51). 

E This will include a meticulous history, physical examination, 
and ECG, and in many circumstances, an echocardiogram, 
stress test, and possibly advanced cardiac imaging. These in- 
vestigations should be pursued in conjunction with appro- 
priate specialty consultation. 

E Various supraventricular arrhythmias may be compatible 
with competitive sports once they are diagnosed and con- 
trolled. Task Force 7 of the 36th Bethesda Conference of- 
fers explicit details as to the recommended evaluations and 


allowed return-to-play recommendations for most encoun- 
tered arrhythmias (51). 

The Committee on Sports Medicine and Fitness for the Amer- 
ican Academy of Pediatrics specifically recommends that the 
presence of a symptomatic dysrhythmia requires exclusion 
from physical activity until the athlete’s problem can be ad- 
equately evaluated by a cardiologist and controlled (2). 
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Dermatology 


Mark D. Jeffords and Kenneth B. Batts 


E Skin serves as a protective barrier against mechanical, envi- 
ronmental, and infective forces. 

E Sport-specific dermatoses may incapacitate or disqualify an 
athlete or expose a teammate to a potential infection, placing 
him or her at risk for disqualification or impaired performance. 





MECHANICAL INJURY 





Abrasions 


E Commonly known as rug burn, strawberry, or road rash, 
abrasion may occur on any surface, but primarily artificial 
turf, floor mats, synthetic courts, and asphalt roads. 

E Treatment consists of cleaning and debriding the tissue 
with warm, soapy water and applying a topical antibacterial 
ointment. 

E Topical anesthesia facilitates easier exploration and debride- 
ment and may be achieved with 2% lidocaine jelly or one 
of several commercially available anesthetics (lidocaine, 
epinephrine, tetracaine [LET]; eutectic mixture of local an- 
esthetics [EMLA]; Ela-Max) (23). 

E A thin covering of antibacterial ointment (mupirocin) or an 
adhesive hydrocolloid dressing (DuoDERM, OpSite) pro- 
motes healing (23). 

E Because of the risk of bloodborne pathogens and subsequent 
disease transmission, all wounds should be covered with an 
occlusive dressing during participation. 

E National Collegiate Athletic Association (NCAA) mandates 
that an athlete with active bleeding must be removed from 
competition, the bleeding stopped, and a dressing applied 
to withstand the rigors of competition prior to continued 
participation (8). 


Acne Mechanica 


E An occlusive obstruction of the follicular pilosebaceous units. 

E The pustular eruption commonly occurs in a warm, moist 
environment occluded by protective equipment across the 
back and shoulders or on the chin (15). 

E Wearing sweat-wicking underclothing, good personal hy- 
giene, and regular cleaning of equipment help prevent out- 
breaks of lesions. 








E Acne mechanica in dark-skinned athletes may evolve into 
acne keloidalis on the nape of the neck (36). 

The condition can be treated with various topical keratolyt- 
ics with astringents (3% salicylic acid, 70% resorcinol) and 
antibiotics (tetracycline, clindamycin) (3). 

Œ Athletes should be clearly informed of side effects including 
muscle soreness, joint pain, and lethargy prior to the use of 
isotretinoin for severe pustular acne (3). 


Athletic Nodules 


E Fibrotic connective tissue (collagenomas) formed as a result of 
repetitive pressure, friction, or trauma over bony prominences. 

E Commonly located on knuckles (boxers, football players), 
tibial tuberosity (surfers), or dorsal feet (hockey “skate bites,” 
runners, hikers) (36). 

Treatment includes intralesional steroids, protective taping 
and padding, and excision (36). 

E Resolve after the discontinuation of causal activity. 


Black Heel 


E Black heel, or talon noir, refers to bluish-black petechiae 
within the stratum corneum on the posterior or postero- 
lateral aspect of the heel caused by shearing forces between 
epidermis and dermis. 

E Commonly occurs in basketball, tennis, track, and similar 
events requiring sudden changes in direction. 

E A similar condition, black palm or tache noir, has been de- 
scribed in baseball players, golfers, gymnasts, mogul skiers, 
mountain climbers, and weightlifters (36). 

E Self-limiting and will resolve spontaneously once the season 
ends. 


E The use of heel cups, felt pads, cushioned athletic socks, and 
properly fitted footwear may help prevent black heel formation. 


Black Toenail 


E Rapid deceleration of the forefoot against the shoe toe box 
may produce painful subungual hemorrhages of the first and 
second toenail beds. 

E The condition occurs with greater frequency in sports re- 
quiring quick stops, such as tennis, skiing, hiking, and rock 
climbing (36). 
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E The hematoma can be drained by carefully boring a hole 
through the nail with an 18-gauge needle or an electrocau- 
tery unit. 

E Appropriate running shoes (2 cm from the longest toe to the 
end of the shoe), lacing shoes tightly enough to prevent the 
foot from sliding forward, and properly trimming the distal 
nail to its shortest length in a straight cut line will reduce the 
likelihood of developing this condition (31). 

E Notable exceptions are the persistence of a linear black band 
or streak running the entire length of the nail representing a 
melanocytic nevus or the more serious involvement of the 
proximal nail fold as in malignant melanoma (2). 


Blisters 


E Vesicles or bullae filled with serosanguinous fluid or blood. 

E Repeated pressure or friction over bony prominences associ- 
ated with excessive perspiration and improperly fitted equip- 
ment leads to the formation of blisters. 

E Treat early blisters with moleskin donuts and nylon foot stock- 
ings to decrease friction, talcum powder or antiperspirant to 
keep feet dry, and benzoin to harden the epidermis (15,30). 


ŒE Bullous blisters should be drained at the edge with a small 
needle leaving the roof of the blister as a protective layer. 

E Ruptured and deroofed blisters may require the application 
of a hydrocolloidal dressing (DuoDERM) or an adhesive 
polyurethane dressing (OpSite) as a second-skin layer to re- 
duce discomfort and enhance healing (5). 

E Primary prevention includes wearing properly fitted and 
broken-in footwear, use of absorbent socks or two pairs of 
socks of different materials, and applying petrolatum jelly or 
commercial antichafing preparations (Bodyglide) over bony 
prominences (21). 


Corns and Calluses 


E Corns are small, soft or hard, deep painful conical lesions with 
a translucent central core in the web spaces of the toes and the 
plantar surface over the distal heads of the metatarsals (36). 

E Calluses tend to be larger, hyperkeratotic, nonpainful lesions 
that serve as a protective skin layer and are considered an 
advantage in gymnastics, racquet sports, and rowing. 

E The development of small black dots representing throm- 
bosed capillaries implies the presence of plantar warts, com- 
pared to calluses that display a thickened epidermis with 
intact dermatoglyphics. 


E The most important factor for successful recovery and pre- 
vention of the condition is redistributing pressure away from 
the lesion. 

E The shaping of a metatarsal pad to the plantar surface, cre- 
ating a wider shoe toe box, adding cotton or foam padding 
between the toes, and applying moleskin will all aid in de- 
creasing the pressure over the existing lesion and prevent 
further injury. 


Keratolytic agents such as 5%-—10% salicylic acid in colloid, 
40% salicylic acid plaster, and 12% lactic acid will eliminate 
the lesions (26). 


Follicular Keloiditis 


An inflammatory proliferation of fibrous tissue that is usu- 
ally painless and is more prevalent in dark-skinned athletes. 
Multiple, small keloids commonly develop where the head- 
gear comes in contact with the forehead, cheeks, and poste- 
rior neck or where the undergarment pads cover the thighs, 
knees, and shoulders. 

Treatment involves gradual reduction of the lesion with 
intralesional steroid injections or topical application of a 
steroid-impregnated adhesive tape (46). 


Ingrown Toenail 


This condition is caused by nail bed pressure forcing the lat- 
eral edge of the nail plate into the lateral nail fold. 

The distal nail should be trimmed straight across, and at least 
one thumbnail in distance should exist from the longest dis- 
tal toenail to the end of the shoe to prevent recurrence. 


Acute treatment options include soaks in an Epsom salt or 
soapy water bath followed by application of topical antibi- 
otic or a mid- to high-potency topical steroid, gentle manual 
nail elevation, placing a small piece of cotton or dental floss 
under the corner of the nail to elevate the lateral margin, use 
of antibiotics, and excision of the lateral one-third of the 
nail with electrodesication or chemical matricectomy with 
80%-88% phenol (10,20). 


Jogger’s Nipples 


Irritation and friction from coarse, cotton fabrics on an un- 
protected nipple and areola leading to pain and bleeding. 
The majority of jogger’s nipples occur in male athletes, espe- 
cially long-distance runners and triathletes (3). 

Preventive measures include wearing of soft, natural, silk 
fiber shirts or no shirt or application of breast padding, elec- 
trocardiographic lead pads, band-aids, or a double coat of 
fingernail polish over the nipples prior to running to prevent 
chafing. 

Treat by washing and gently drying and applying petroleum 
jelly, antibiotic ointment, or topical steroid cream to alleviate 
inflammation (31). 


Piezogenic Papules 


Flesh-colored papules noticeable only on weight-bearing are 
found in up to 20% of the general population. 

Herniations of subdermal fat into the dermis visibly evident 
on either side of the heel. 

Typically asymptomatic, but may become painful, possibly 
due to herniation of nerve fibers with subdermal fat (38). 


E More common in endurance athletes. 


E Padding, compression stockings, taping for support, heel 
cups, and steroid injections may help reduce the pain (38). 


Rower’s Rump 


E Rower’s rump develops in the gluteal cleft of rowers training on 
small, unpadded scull seats and metal rowing machines (42). 


E Repeated friction produces a lichen simplex chronicus of the 
buttocks. 


E Treatment consists of padding the rowing seat and the use of 
potent, fluorinated topical steroids. 


Runner’s Rump 


E A collection of ecchymotic lesions on the superior portion of 
the gluteal cleft of long-distance runners (3,31). 


H Results from constant friction between the gluteal folds with 
each running stride. 


E The hyperpigmentation will spontaneously resolve with rest. 





ENVIRONMENTAL INJURY 





Sun and Heat 


Sunburn 

E Prolonged exposure to ultraviolet B (UVB) (290-320 nm) 
may burn skin, producing symptoms ranging from mild ery- 
thema to intense blistering, edema, and pain. 


B® Ultraviolet A (UVA) (320—400 nm) is 1,000-fold less burning 
to the skin than UVB but is more penetrating and produces 
chronic damage. 


E Ultraviolet exposure increases with altitude and with reflec- 
tion off snow or water (23). 

E Preventive measures include avoiding exercise between 
10 a.m. and 2 p.m., applying sun protective factor (SPF) 15 
or greater sunscreens with para-aminobenzoic acid (PABA) 
at least 20 minutes prior to sun exposure, and recoating after 
water exposure or sweating (23,40). 


Miliaria 

Æ Miliaria rubra, or prickly heat, occurs in hot, humid summer 
environments. 

E Fine, pruritic, erythematous, vesiculopapular rash develops 
over eccrine sweat glands occluded by clothing (spares the 
palms and soles). 

Cooling and drying the skin to stop further sweating and ap- 
plication of hydrophilic ointments (Eucerin) and mild topi- 
cal corticosteroids can open the occluded ducts (5,41). 


Solar Urticaria 


E Solar urticaria isan uncommon cause of urticaria in athletes. 


E Manifested by itching and burning of the skin within minutes 
after exposure to UVA, UVB, or both wavelengths (17). 
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E Erythema and wheal formation will follow and clear within 
2 hours after exposure (17,36). 

E Normally unexposed skin areas of the trunk will be more 
prone to develop a urticarial reaction than the regularly ex- 
posed face or distal extremities. 

E Phototesting is recommended to determine the type and 
treatment of solar urticaria. 

E Desensitization by sunlight and a combination of oral 
psoralen and long-wave ultraviolet light (PUVA) has been 
shown to decrease symptoms (17). 

E Treatment includes sunlight avoidance, sunscreen or zinc lo- 
tion, high-dose antihistamines, cyclosporine, chloroquine, 
and intravenous immunoglobulin (17). 


Cholinergic Urticaria 

E Pruritic dermatosis occurring during exercise, heat, emo- 
tional stress, or eating spicy foods believed to be mediated by 
increased sympathetic tone and acetylcholine activity (13). 

E Most commonly affects trunk and extremities, sparing face 
and neck. 

Æ The condition is characterized by the eruption of pinpoint 
papular wheals with a surrounding subcutaneous erythema- 
tous flare during and after heat exposure or exercise. 

E Provocative testing with exercise under controlled circum- 
stances is the safest and surest means to reproduce symp- 
toms. Full resuscitative measures should be available because 
exercise-induced anaphylaxis may be included in the differ- 
ential diagnosis (13). 

E Treatment with H; antihistamines (hydroxyzine and ceti- 
rizine) and danazol has been found to be effective if taken 
1 hour prior to exercise (13). 

E Danazol should be avoided or used with caution in females 
because it is a strong androgenizing agent. 

E Propranolol may be effective in refractory cases (13). 


E A hot shower the night prior may deplete histamine and pro- 
vide a refractory period for the athlete to compete (19). 


E The condition can be exacerbated with the use of aspirin (19). 


Cold 


Chilblain 

Œ Chilblain or pernio is the result of repeated or prolonged 
exposure to cold, but not freezing, temperatures in moist 
conditions (11). 

E Athletes may initially be asymptomatic, but later complain 
of reddish-blue patches that are pruritic, painful, and tender 
and then lead to blisters or ulcerations (18). 


E Injury is due to hypoxia from local vasoconstriction occur- 
ring primarily on the feet, hands, and face, particularly in 
young, white females (47). 

E The area should be rewarmed and protected from fur- 
ther environmental exposure; rubbing or massaging is 
contraindicated as this may further damage the injured 
tissue (25). 
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Topical corticosteroids or a short burst of oral corticoste- 
roids may be used to minimize the painful, inflammatory 
skin lesions. 

Insulated and water-resistant outer clothing, moisture-wicking 
socks and gloves, frequent sock and glove changes, and protec- 
tive covering over the face aid in preventing this injury. 


Frostnip 


Frostnip is the most common of cold injuries and involves 
only the superficial skin. 


The skin and superficial subcutaneous tissue of the finger- 
tips, toes, nose, cheeks, and ears become pallid and painful, 
develop paresthesias, and finally lose sensation. 


Penile frostnip has been reported in joggers wearing polyes- 
ter trousers and cotton undershorts (11). 

Frostnip is completely reversed with rewarming of the 
affected area, but it is possible for paresthesia to persist for 
several weeks after the injury (11). 


Prevention includes insulation and skin protection from 
both wind and cold, not shaving prior to participation to 
preserve the natural skin oils, and application of a sunscreen 
or petrolatum-based emollient (11). 


Frostbite 


Frostbite occurs when tissue temperature falls below 28°F 
(—2°C) and intra- and extracellular fluid sludges and then 
crystallizes, mechanically disrupting cell membranes (18). 

The tissue appears cold, white, and hard and will not exhibit 
pain or sensation to tactile stimulation until thawing occurs. 


Initial management is immobilization and evacuation. Re- 
warming should not be attempted until the risk of refreez- 
ing is eliminated because further freeze-thaw cycles greatly 
increase tissue damage. 


Once hypothermia has been ruled out or treated, affected 
areas should be rapidly warmed in a circulating water bath 
at 104-108°F (40-42°C) avoiding rubbing, which increases 
tissue damage and loss (25). 

Thawing is often intensely painful, and narcotic pain medica- 
tion may be employed. Consideration should also be given to 
administration of tetanus toxoid and antibiotic therapy (18). 
Surgical therapy is often delayed up to 2-3 months until dry 
gangrene or mummification clearly demarcates nonviable 
tissue (25). 


Cold Urticaria 


Cold urticaria is characterized by pruritic wheals or hives in 
response to exposure to cold weather or objects and flare af- 
ter the area is rewarmed (11). 

Urticarial plaques are usually confined to the exposed area, 
but may be generalized. 

Provocative testing of the forearm with ice cubes for 5 minutes 
will produce wheals upon warming the skin and confirm the 
diagnosis (36). 

Symptoms will likely recur, so exposure avoidance is recom- 
mended. 
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The prophylactic use of nonsedating antihistamines such 
as cyproheptadine (Periactin), 2 mg once or twice a day, or 
doxepin (Sinequan), 10 mg two or three times daily, has been 
useful in preventing recurrence (29). 





INFECTIOUS INJURY 





Skin infections account for 1%—2% of time loss injuries in all 
sports and up to 20% of time loss injuries in wrestling. 
Prevention is important and is possible through athlete 
self-reporting, preparticipation examinations, personal and 
equipment hygiene, hand sanitization, avoidance of sharing 
toiletries or towels, and prompt treatment and isolation of 
infected individuals (48). 


Bacterial 


Impetigo 


Serosanguinous, honey-crusted pustules on an erythema- 
tous base. 

B-Hemolytic streptococci more commonly produce impetigo, 
but staphylococcal species have been isolated from cultured 
wounds. 


Very contagious and common among contact sports, al- 
though cases and outbreaks are documented among weight- 
lifters, fencers, and cross-country runners (27). 


Recommended treatment includes both topical antibiotic 
(mupirocin twice daily) and a second-generation cepha- 
losporin or penicillinase-resistant penicillin derivative for 
10 days (1). 

The NCAA requires all wrestlers to be without new lesions 
for 48 hours before a meet, have completed 72 hours of anti- 
biotic therapy, and have no moist or draining lesions prior to 
competition (8). 


Furunculosis 


Erythematous, nodular abscesses found most commonly in 
the hairy areas of the axillae, buttocks, and groin. 

Highly contagious, so routine screening, prompt treatment, 
and event disqualification of infected players can prevent 
outbreaks (1). 

Staphylococci are the most frequent bacteria isolated, but 
all wounds should be cultured to guide therapy because 
methicillin-resistant Staphylococcus aureus (MRSA) is com- 
mon (48). 

Acute treatment consists of warm compresses and a 10-day 
course of a cephalosporin, erythromycin, or penicillinase- 
resistant penicillin derivative (1). 

Topical mupirocin may be used to eradicate nasal carriage of 
Staphylococcus species among team members if an outbreak 
occurs (1). 

Incision and drainage are necessary because of the poor he- 
matogenous antibiotic penetration. 


E The NCAA guidelines for participation of wrestlers with 
bacterial infections are described in the previous section on 
impetigo (8). 

Pitted Keratolysis 

E A scalloped-bordered plaque with sculpted pits of variable 
depth forms on the weight-bearing plantar surfaces (heel 
and toes) and is often misdiagnosed as tinea pedis. 

E Hyperhidrosis and gram-positive bacteria, most commonly 
Corynebacterium and Micrococcus species, found in the stra- 
tum corneum have been implicated in producing the pun- 
gent foot odor (1). 

Application of topical antibiotics 2—4 weeks (5% erythro- 
mycin or 1% clindamycin in 10% benzoyl peroxide) will 
reduce the bacterial inflammatory component and result in 
clearing (43). 

ŒE Prophylactic therapy includes washing with benzoyl perox- 
ide soap and adding topical foot powders with 20% alumi- 
num chloride (Drysol) to control hyperhidrosis (43). 


Erythrasma 

E Chronic, bacterial infection affecting the intertriginous areas. 

E The causative organism is a gram-positive rod, Corynebacte- 
rium minutissimum. 

E The sharply demarcated reddish-brown plaques are similar 
in appearance to tinea cruris, but diagnosis can be confirmed 
by examination with a Wood’s lamp, which reveals coral-red 
fluorescence (32). 

E Treatment options include a topical erythromycin cream 
or gel and oral erythromycin 250 mg four times a day for 
14 days. 

E The areas should be covered for athletes to participate in 
close-contact drills or events. 


MRSA 

ŒE Community-acquired MRSA (CA-MRSA) is an increasingly 
common condition affecting athletes. 

Æ MRSA typically presents similar to other bacterial infections 
as furuncles, carbuncles, and abscesses and is sometimes mis- 
taken as spider bites, and any of these presentations should 
be evaluated for possible CA-MRSA (27). 

E Any suspicious lesion should be cultured to isolate the infec- 
tive organism and determine susceptibilities. 

E Prevention measures are identical to those general principles 
listed earlier with the addition of showering using antibacte- 
rial soap after every practice and game, as well as eliminating 
cosmetic body shaving because shaving has been demon- 
strated to increase rates of CA-MRSA (48). 

E Definitive treatment of cutaneous lesions is incision and 
drainage. 

E Antibiotic therapy must be guided by culture and sensitivity 
as well as local susceptibility information. 

E Antibiotic regimens most often include oral clindamycin 300- 
450 mg three times daily or trimethoprim-sulfamethoxazole 
two double-strength tablets daily. 
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ŒE MRSA infections can be severe, leading to hospitalization 
and requiring intravenous antibiotic therapy including van- 
comycin, clindamycin, or linezolid. 


Viral 


Verrucae 

E The human papilloma virus induces warts, or verrucae vulgaris. 

E Plantar warts disrupt the normal dermatoglyphics of the 
pressure points of the feet and often coalesce to form a gyrate 
or mosaic pattern. 

ŒE Small black dots representing thrombosed capillaries within 
a hyperkeratotic plaque confirm the diagnosis (31). 

E The NCAA requires wrestlers to be able to cover multiple 
digitate verrucae of the face with a mask, and verrucae plana 
or vulgaris must be adequately covered to compete (8). 

E Salicylic acid preparations or topical imiquimod can be ap- 
plied with an occlusion wrap during the season (31). 

E Liquid nitrogen cryotherapy can be used concurrently or 
alone every 2 weeks, but may delay return to training due 
to pain. 


Molluscum Contagiosum 

E Characterized by flesh-colored, dome-shaped papules with a 
central umbilication. 

E The pox virus is highly contagious and spreads by direct skin 
transmission from person to person, autoinoculation, water 
transmission, and gymnasium equipment (37). 

E The papules are typically self-limiting and resolve over weeks 
to months. 

E NCAA wrestling rules require that lesions be removed by sharp 
curettage or liquid nitrogen and any solitary lesions be covered 
with a gas-permeable dressing (OpSite, Bioclusive) and tape in 
a manner that can withstand the rigors of competition (8). 

E Liquid nitrogen, 0.7% cantharidin, topical tretinoin (Retin- 
A), electrodesication, and the use of imiquimod 5% cream 
have been successful but may require several treatments (37). 


Herpes Gladiatorum 

Herpes gladiatorum or rugbeiorum refers to a herpes sim- 
plex virus (HSV-1) outbreak on the face or body of wrestlers 
or rugby players during “lock-up” or in a scrum. 

E Classic lesions appear as a cluster of painful vesicles on an ery- 
thematous base, and diagnosis is made on clinical appearance, 
but may be confirmed by Tzanck smear or viral culture (12). 

E The virus is passed by direct face-to-face or body-to-body 
transmission between athletes, and headgear does not de- 
crease the risk of transmission (37). 

E Antiviral therapies for acute outbreaks include acyclovir 800 
mg twice daily, valacyclovir 500 mg twice daily, or famciclo- 
vir 125 mg twice daily for 5 days (37). 

E Athletes with recurrent outbreaks may use suppressive ther- 
apy during the season, most commonly with valacyclovir 
500-1,000 mg daily (37). 


186 


SECTION iii 


In the pediatric population ages 2 to 18 years, the standard of 
care is acyclovir 1200 mg/day divided 3-5 times per day for 
7-10 days. 

The NCAA allows a wrestler to participate if free of systemic 
symptoms, has not developed new lesions during the last 
72 hours, all lesions have a firm adherent crust, and the wres- 
tler has been on antiviral therapy for 120 hours (8). 


Fungal 


Tinea Pedis 


A papulosquamous fungal infection producing a pruritic, red, 
scaly rash on the lateral soles of the feet and between the toes. 
The superficial dermatophytic fungal infection is caused by 
Trichophyton rubrum, Trichophyton mentagrophytes, or Epi- 
dermophyton floccusum (9). 

The majority of cases respond promptly to topical antifungal 
creams, such as ketoconazole, clotrimazole, itraconazole, or 
terbinafine (48). 


Tinea Corporis 


A dermatophyte infection producing an annular lesion with 
a sharply demarcated, red scaly border, and central clearing. 


Tinea corporis gladiatorum has been frequently isolated and 
reported in wrestlers on their head, neck, and upper arms (1). 


In the majority of cases, Trichophyton tonsurans is the caus- 
ative fungus (48). 

Recent studies reveal that oral fluconazole, 100 mg taken 
once daily for 3 days prior to the season and once again 
6 weeks later, decreased the incidence of tinea among wres- 
tlers from 67.4% to 3.5% (7). 


The NCAA requires a minimum of 72 hours of topical thera- 
py for skin lesions, a minimum of 2 weeks of oral therapy for 
scalp lesions, and all lesions to be adequately covered after 
evaluation and disposition by a team physician or certified 
athletic trainer (8). 


Tinea Cruris 


An erythematous, pruritic plaque with well-demarcated, 
scaly borders that extends to the groin, upper thighs, abdo- 
men, and perineum, but typically spares the genitalia (34). 
The appearance of an inflammatory, red rash with satellite 
lesions involving the scrotum is candidiasis and requires 
treatment with imidazole creams. 


Diagnosis can be confirmed by the presence of fungal hy- 
phae on a potassium hydroxide slide. 

Topical antifungals are effective, and clotrimazole is the rec- 
ommended firstline therapy (34). 

Addition of topical corticosteroid with topical antifungal 
may speed resolution of symptoms (33). 

Oral antifungal agents may be required in recalcitrant cases, 
if the hair roots are involved. 

Tinea cruris must be differentiated from candida inter- 
trigo (scrotal involvement and satellite lesions), erythrasma 
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(coral-red fluorescence under Wood’s lamp), or a chronic 
irritant dermatitis from elasticized undergarments (34). 


Tinea Versicolor 


Also called pityriasis versicolor, overgrowth of the active 
fungal form of Malassezia furfur (also known as Pityrospo- 
rum orbicular) causes a chronic, asymptomatic, hyper- or 
hypopigmented, scaling, macular dermatosis (24). 

Wood’s lamp reveals a characteristic yellow-green fluores- 
cence (6). 

Treatment consists of washing the affected area with zinc py- 
rithione or selenium sulfide shampoo or with topical imid- 
azole treatments such as ketoconazole or clotrimazole (24). 


In extensive or recurrent disease, oral ketoconazole 200 mg 
daily for 7-15 days or fluconazole 400 mg for one dose may 
be effective (6). 

The athlete needs to continue exercise and perspire for at 
least 1 hour after taking ketoconazole to promote absorption 
into the hair root (5). 


Onychomycosis 


Onychomycosis is the most common disease of the nails and 
represents a fungal infection, with Trichophyton rubrum, 
Trichophyton mentagrophytes, or Epidermophyton floccosum 
being the causative organism in 90% of cases (45). 

Risk factors include repeated nail trauma, moist environ- 
ment, occlusive footwear, genetic predisposition, poor circu- 
lation, concurrent diabetes, and immunosuppression. 
Multiple treatment regimens of oral and topical antifungal 
medications are described, but combination therapy has 
been shown to be most effective (45). 


Oral itraconazole 200 mg daily for 12 weeks with topical am- 
orolfine 5% lacquer applied weekly for 6 months has been 
shown to have a 94% cure rate (45). 

Prescriber should review medication interactions because 
these are common among systemic antifungals. 

Baseline liver function tests must be performed, and labora- 
tory monitoring for hepatotoxicity and pancytopenia should 
be considered during therapy. 


MISCELLANEOUS 





Contact Dermatitis 


Primary irritant dermatitis is a nonallergic reaction that leads 
to symptoms within minutes of the exposure. The dermati- 
tis is localized to the contact site and exhibits erythema and 
a burning sensation. Common irritants are detergents and 
soaps, adhesive pretape sprays, sunscreens, and fiberglass (1). 
Allergic contact dermatitis is an acquired immune response 
that develops hours to days after recurrent exposure to an 
allergen. The dermatitis exhibits patches of erythema, ede- 
ma, vesicle formation, and extreme pruritus. Equipment 


with protective rubber coverings (golf clubs), black rubber 
seals (swim gear), tanned leather straps, latex products, io- 
dine preparations, topical antibiotic ointments, adhesive 
tape, shoe dyes, and poison ivy or oak have all produced al- 
lergic reactions (28). 

E Initial treatment includes avoidance and washing with water 
in an attempt to physically remove the irritant and prevent 
further systemic progression. 

E Alternative equipment has been manufactured using polyure- 
thane, neoprene, and silicone to alleviate allergic reactions. 


E Antihistamines, corticosteroids, analgesics, and H, antago- 
nists are commonly used for moderate to severe systemic hy- 
persensitivity reactions by either oral or intravenous routes. 

E Patch testing can often help identify the allergen triggering 
the dermatitis. 


Envenomation 


E Most allergic reactions are from hornets and wasps. 


E Hymenoptera venom can be neutralized with meat tender- 
izer or shaving cream at the site. 


E Antihistamines and nonsteroidal anti-inflammatory agents 
are commonly prescribed for allergic reactions to stings. 


E Participants with known allergic reactions to hymenoptera 
should be advised to use sunscreens with insect repellent 
formulas. 


Æ Athletic trainers or physicians covering events should always 
carry an injectable subcutaneous 1:1,000 epinephrine sy- 
ringe (EpiPen kit). 

E In the United States, 4,000-6,000 venomous snake bites oc- 
cur yearly, and about 70% require antivenom (44). 


E Initial treatment of venomous snake bite includes splinting 
the limb below the level of the heart, removing restrictive 
clothing from the extremity, and evacuating to a medical fa- 
cility immediately (44). 

E Contraindicated first aid techniques include arterial tour- 
niquet, incision and suction, ice or cryotherapy, venom ex- 
tractors, electric shock, and application of papain or meat 
tenderizer (44). 

E Antivenom is the primary treatment for envenomations, but 
should only be given based on the severity of envenomation 
because antivenom also has a significant risk of causing an 
allergic reaction. 


Swimmer’s Itch 


Œ A parasitic dermatitis produced by the cercarial form of 
freshwater schistosomes commonly found in freshwater 
lakes of the United States (1). 


E One- or 2-mm macules develop into papules on exposed ar- 
eas, not under the bathing suit. 

E Self-limiting, but symptoms may be reduced with cold packs, 
antihistamines, and topical steroids (4). 
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Seabather’s Eruption 


Pruritic papules and wheals with onset 2—24 hours after saltwa- 
ter swimming and occurring in areas covered by a swimming 
suit, especially under the waistband or shoulder straps (4). 
Free-swimming, larval forms of Edwardsiella lineata and 
Linuche unguiculata containing stinging nematocysts are 
trapped in the swimming suit (16). 

Symptoms typically resolve within 3—7 days, but resolution 
may take as long as 6 weeks in severe cases (16). 


Oral antihistamines and topical corticosteroid are effective (4). 


Green Hair 


Regular swimmers with natural or tinted blonde, gray, or 
white hair may develop a green tint to their hair from the 
release of copper from pipes or algicides in swimming pools 
(22,35). 

Immediately washing the hair and maintaining the pool pH 
between 7.4 and 7.6 will prevent this condition (36). 
Copper chelating shampoo applied for 30 minutes, hydrogen 
peroxide soak for 2-3 hours, and ethylenediaminetetraacetic 
acid (EDTA) conditioner once or twice per season have been 
effective in returning hair to original color (2). 


Exercise-Induced Anaphylaxis 


Exercise-induced anaphylaxis (EIA) is a rare and unpredict- 
able condition that typically occurs with a short duration of 
submaximal exercise and may occur in sedentary individuals 
or elite athletes (39). 


Pruritus with large wheals may progress to systemic symp- 
toms of wheezing, nausea, diarrhea, angioedema, hypoten- 
sion, and shock. 

Running has been found to be the most common exercise 
predisposed to EIA (1). 

Food-dependent exercise-induced anaphylaxis (FDEIA) is a 
subtype in which symptoms result only when a particular 
food is ingested prior to exercise and no symptoms occur 
with the food or exercise alone. 

FDEIA has been associated with many food allergens, with 
wheat being the most common (39). 

EIA is a clinical diagnosis, and it is important to differentiate 
it from more common triggers including foods, ingredients 
in sports drinks, and latex. 

Plasma histamine levels are elevated in all forms of EIA. 


Preventive measures include not exercising in extremes of 
either hot or cold weather and the use of nonsedating anti- 
histamines 1 hour prior to exercise (14). 

Athletes who want to continue vigorous exercise should be in- 
structed to exercise with someone (jogging partner) who has 
knowledge of their condition and can administer an injectable 
subcutaneous 1:1,000 epinephrine syringe (EpiPen kit). 
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E The kidneys can be found high in the retroperitoneum bi- 
EPIDEMIOLOGY 7 D i 





E Hematuria and proteinuria are the most common urinary 


findings in athletes. It is estimated that between 17% and 22% 
of marathon runners experience postrace gross or microscopic 
hematuria (5,14). Similarly, 55% of rowers and football play- 
ers, 73% of boxers, and 80% of swimmers, lacrosse players, 
and track athletes experience postexertional hematuria (1,3). 
Further, 30%—69% of runners develop proteinuria following 
the completion of a marathon regardless of gender (5,15). 


E Acute renal failure in athletes is a rare event and is usually 


associated with volume depletion, rhabdomyolysis, or the 
nephrotoxic effects of nonsteroidal anti-inflammatory drugs 
(NSAIDs). 


E Although the incidence has not been directly studied, studies 


have demonstrated that sports are responsible for up to 30% 
of renal trauma in the pediatric population (2). Contusion is 
the most frequent kidney and bladder injury, whereas lacera- 
tion and rupture may be life threatening. Athletes in gymnas- 
tics, horseback riding, football, ice hockey, rugby, boxing, and 
soccer have the highest incidence of renal trauma, whereas bi- 
cycle riding is the most common sports-related cause of renal 
injury (8). Overall, individual sports, rather than team sports, 
account for the majority renal injuries (13). 

The male genitalia are often subjected to trauma ranging 
from testicular contusions to penile frostbite. Bikers are at 
risk for overuse pudendal nerve injury and straddle injuries. 
The prevalence of sexually transmitted diseases (STDs) in 
athletes is similar to that of the general population, although 
a study of college athletes showed they tend to be at higher 
risk for certain lifestyle behaviors. These maladaptive behav- 
iors include less safe sex, greater number of sexual partners, 
and less contraceptive use when compared with their non- 
athlete peers (14). 


PATHOPHYSIOLOGY 





Anatomy 


E The genitourinary system is comprised of the kidneys, ure- 


ters, bladder, urethra, and genital organs and is located in the 
lower abdomen and pelvis. 


laterally and are well protected. A malpositioned kidney 
is prone to injury, while the presence of a solitary kidney 
places the athlete at especially higher risk. The urinary 
bladder is located in the anterior pelvis and is rarely acutely 
injured. 


Physiology 


E The kidneys receive more blood flow per unit weight than 
any other organ in the body. Renal blood travels to the glom- 
erulus via the afferent arteriole and exits through the effer- 
ent arteriole. With afferent arteriole constriction, a pressure 
drop occurs within the glomerulus and filtration fraction 
decreases. With efferent arteriole vasoconstriction, pressure 
increases within the glomerulus thereby increasing the filtra- 
tion fraction. 

E Exercise causes acute changes in a variety of organ systems, 
as exercising muscle requires a significantly larger propor- 
tion of cardiac output. Blood flow is shunted away from 
the kidney to meet the demands of working muscle. Studies 
have noted a drop in renal blood flow from 1,000 mL/min 
to as little as 200 mL/min with exercise, a decrease that is 
proportional to the intensity of exercise (6,11). Interest- 
ingly, there are conflicting data correlating intensity and 
duration of exercise as independent variables causing 
hematuria (9,17). 

E In an attempt to maintain glomerular filtration rate, the 
efferent arteriole constricts to a greater degree than the af- 
ferent arteriole, creating a “pressure head” at the glomeru- 
lus. Additionally, the nephron becomes partially hypoxic, 
causing increased glomerular permeability. These two 
mechanisms account for the increased urinary erythrocyte 
concentration. 

E The increase in filtration fraction is attenuated by improving 
the runner’s hydration status. Poorly hydrated individuals 
have a significantly larger decrease in renal blood flow com- 
pared with normally hydrated individuals. 

E With moderate exercise (50% VOomax), renal plasma flow 
decreases by 30%, whereas with heavy exercise (65% 
VOomax), renal plasma flow decreases by 75%. These 
changes are temporary, and renal blood flow typically re- 
turns to preexercise levels within 60 minutes of exercise 
cessation (7). 
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HEMATURIA 





Clinical Features 


E Exercise-induced hematuria is known by a variety of names, 
including sports hematuria, stress hematuria, athletic pseudo- 
nephritis, and 10,000-m hematuria, and is defined as hema- 
turia, gross or microscopic, that occurs following vigorous 
exercise and, except in the case of ultramarathoners, resolves 
promptly within 24-72 hours of decreased physical activity. 
Resolution within this time period is the hallmark for the 
diagnosis of exercise-induced hematuria. 

E Because exercise-induced hematuria is a diagnosis of exclusion, 
other causes of hematuria should be first ruled out. A thorough 
history should be obtained in athletes who present with gross 
hematuria, including the presence of urinary urgency, dysuria, 
frequency, or clots. Furthermore, a history of trauma, penile 
discharge, or nephrolithiasis should be ascertained. General 
historical questions include the presence of bleeding disorders, 
ongoing menses, recent streptococcal infection, generalized 
swelling, or risk factors for urologic cancer, such as tobacco use, 
age greater than 40, and pelvic irradiation. Other important 
questions include prescription and over-the-counter drug use, 
dietary supplement use, family history, and diet history. 

E A complete exercise history should be obtained when micro- 
scopic hematuria is discovered incidentally. 

E The timing of gross hematuria is an important historical feature. 
Presence of blood on initiating urination is likely urethral in 
origin. Hematuria on termination of urination originates from 
the bladder, prostate, or posterior urethra. Continuous hematu- 
ria likely originates from the upper urinary tract. The presence 
of clots suggests the pathology is distal to the nephron and the 
thickness of the clots increases with more distal pathology. 


E A thorough and meticulous physical examination should be 
completed. Vital signs — especially blood pressure — should 
always be obtained. The back, flank, abdomen, and genitalia 
are examined, paying particular attention to signs of trauma 
or infection. 


Return to Play 


E Exercise-induced hematuria has not been shown to result 
in chronic sequelae. Athletes may return to sport once their 
symptoms have resolved and it can be concluded that their 
symptoms are purely related to exertion (10). 


Differential Diagnosis and Treatment 


E Differential diagnosis includes exertional hematuria, urinary 
tract infection, nephrolithiasis, hydronephrosis, urethri- 
tis, prostatitis, glomerulonephritis, cancer of the urologic 
system, sickle cell disease, polycystic kidney disease, medi- 
cation effect, kidney/bladder trauma, and myoglobinuria. 
Furthermore, ingestion of certain foods (beats, berries) is 
known to cause red-colored urine. Resolution of clinical 


signs after activity indicates exercises-induced pseudone- 
phritis versus activity-independent nephritis. 

Grossly bloody urine should always be dipstick tested for blood 
and red blood cells confirmed by microscopy. When myoglobin 
or hemoglobin is present, urine will test positive for blood, but 
red blood cells are absent on microscopic examination. Medica- 
tions, dyes, and food coloring often discolor urine. In this case, 
dipstick testing and microscopy will be negative for blood. 


See Figure 29.1 for evaluation and treatment. 





PROTEINURIA 





Clinical Features 


Proteinuria is defined as more than 150 mg of protein excreted 
in a 24-hour period. Normal urine protein is composed of 30% 
albumin, 30% serum globulins, and 40% tissue proteins. Postex- 
ercise proteinuria is relatively common and has been described 
well for over 120 years. It occurs in a variety of sports, both con- 
tact and noncontact, and is associated with strenuous effort. 
Important historical questions include exposure to nephro- 
toxic medications, intravenous (IV) drug use, and chronic 
conditions, such as diabetes, systemic lupus erythematosus, 
or chronic active hepatitis. A family history of hereditary ne- 
phritis or polycystic kidney disease is important. 

Often, the proteinuria is an incidental finding and the patient 
should be questioned about prior exercise, its duration, and, 
more importantly, its intensity. 

Vital signs, especially blood pressure, are essential, followed 
by a meticulous physical examination. The back, flank, ab- 
domen, skin, and genitalia are examined in routine fashion. 
The extremities should be evaluated for any signs of edema. 


Differential Diagnosis and Treatment 


Differential diagnosis includes exercise-induced proteinuria, 
orthostatic proteinuria, glomerulonephritis, nephrotic syn- 
drome, and multiple myeloma. 

Proteinuria is usually identified through dipstick testing and, 
when exercise-induced, is usually 2+ to 3+. 

False-positive results occur because of very concentrated 
urine, gross hematuria, alkaline urine, or phenazopyridine. 


See Figure 29.2 for evaluation and treatment. 





ACUTE RENAL FAILURE 





Clinical Features 


Acute renal failure in athletes is typically secondary to acute 
tubular necrosis caused by complications associated with strenu- 
ous exercise such as rhabdomyolysis, dehydration, or hyperpy- 
rexia leading to hemolysis. Obstructive uropathy is rarely a cause. 
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Hematuria (gross or microscopic) 
in an athlete 


Unremarkable history and 
physical examination 


Stop exercise for 24-72 hours 
Repeat urinalysis 


Hematuria resolves female 
or male <40 years old 


History and History and 
physical physical 
examination examination 
normal normal 


Further evaluation to 
Exclude urinary 

tract cancer: 
Intravenous pyelogram 
Cystoscopy 

Bladder Cytology 


Sports hematuria 
Reassurance 
No further workup 


needed 





Urine culture negative 





Hematuria resolves F : : : 
Hematuria persists Hematuria persists 
male >40 years old 


Urine 


Active 
culture to i 
cere sediment 
r l HTN 
infection Flank Pain 
Treat if + 


Glomerulonephritis 


Continue evaluation 
to include: 

Blood chemistries 
Complete blood count 


Appropriate imaging 
Based on clinical 
findings 

Intravenous Pyelogram: 
Renal masses, 
stones 


Complement levels 
Anti-nuclear ABs 
Anti-Streptolysin O 
Cryoglobulins 
Renal sonography 
Renal biopsy 


Renal sonography: 
Renal masses, cysts 
Defines anatomy 
MRI: 

Renal masses 
Defines anatomy 





FIGURE 29.1: Hematuria algorithm. AB, antibody; HTN, hypertension; MRI, magnetic resonance imaging. 


ŒE NSAIDs inhibit prostaglandins, thereby decreasing renal 


blood flow, and contribute to acute renal failure in athletes. 
Experienced athletes are at much lower risk of developing 
acute renal failure than untrained athletes. 

The athlete in acute renal failure often presents with nonspe- 
cific complaints, such as malaise, weakness, loss of appetite, 
nausea, anuria or oliguria, and symptoms of dehydration. 


Diagnosis and Treatment 


Serum laboratory tests include a complete blood count, 
blood urea nitrogen (BUN), creatinine, and basic chemistry 
panel. Urine tests include osmolality, sodium, and creatinine. 
With these data, a fractional excretion of sodium (FEn,) can 
be calculated to differentiate between prerenal azotemia and 
acute tubular necrosis as the cause of kidney failure. 


Treatment of prerenal azotemia involves rapid and aggressive 
volume replacement. 


Identification of the endogenous nephrotoxin such as myo- 
globin in rhabdomyolysis or the exogenous nephrotoxin 
as in NSAID-induced renal failure is crucial. All reversible 
causes must be sought and treated. 


Treatment involves appropriate IV fluid hydration, electro- 
lyte management, and cardiovascular monitoring. Diuretics 
are only indicated in fluid overload states. Indications for 
dialysis include the need for ultrafiltration of a volume-over- 
loaded state or the need for solute clearance. 





GENITOURINARY TRAUMA 





Renal 


E The kidneys are normally well protected by surrounding 


muscles, ribs, and pericapsular fat in adults; these protective 
factors are not as pronounced in the pediatric population. 
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SECTION iii Medical Problems in the Athlete 









Proteinuria in an athlete 






Unremarkable exam 
Stop exercise for 24-48 hours 
Repeat urinalysis 


No protein 
Exercise-induced proteinuria 







No supine protein 













Orthostatic proteinuria 


Upright and supine urinalysis 


BUN, creatinine, 24 hour urine for 
protein, creatinine, creatinine clearance 


Active sediment 
HTN 
Flank pain 


Proteinuria >3 gm/day 
Peripheral edema 


Glomerulonephritis Nephrotic Syndrome 
Continue evaluation to include: 
Blood chemistries 

Complete blood count 

Serum lipid levels 
Complement levels 

Serum protein electrophoresis 
Urine protein electrophoresis 
Anti-nuclear ABs 

Renal sonography 


Continue evaluation to include: 
Blood chemistries 
Complete blood count 


Complement levels 
Anti-nuclear ABs 
Anti-Streptolysin O 
Cryoglobulins 
Renal sonography 
Renal biopsy 


Renal biopsy 





FIGURE 29.2: Proteinuria algorithm. AB, antibody; BUN, blood urea nitrogen; HTN, hypertension. 


A blow to the flank or abdomen produces a coup or counter- 
coup mechanism of injury. Abnormally located or anoma- 
lous kidneys are more prone to injury. 

Flank pain and hematuria are the most common presenting 
complaint. 

Kidney injuries are divided into five classes based on severity 
and type of injury: 


E Class I: Contusion — most common renal sports injury 


replacement, transfusion, and surgical exploration to control 
life-threatening bleeding are often required for these injuries. 


Computed tomography has become the imaging modality of 
choice for the evaluation of renal injuries in hemodynami- 
cally stable athletes. Laboratory examination of blunt trauma 
should include urinalysis, complete blood count, electrolyte 
panel, and a pregnancy test in females. 

Treatment of class I-III injuries involves observation, bed rest, 
and repeat urinalysis to assess for resolution of hematuria. 


E Class II: Superficial cortical laceration 
E Class III: Deep cortical laceration (> 1 cm) 
Ureters 
E Class IV: Laceration of cortex and collecting system 
E Class V: Complete avulsion of vascular pedicle/shattered Œ Ureteral injury is associated with severe trauma, such as pel- 


kidney or multiple lacerations of class IV severity — 
again, rare in sports 
Flank pain or gross hematuria after blunt trauma in an ath- 
lete requires consideration of possible renal injury. Physical 
examination may reveal flank ecchymosis and tenderness. 


Œ Athletes with severe renal injuries (class IV and V) often pres- 


ent in hypovolemic shock. Aggressive intravascular volume 


vic fractures and lower lumbar vertebrae fractures. 

Trauma to flank or pelvis raises the possibility of ureteral injury. 
Hematuria is present in 90% of ureteral trauma. The diagnosis is 
best established using IV pyelogram and retrograde pyelogram. 
Treatment is accomplished with placement of a ureteral stent 
ina partially intact ureter or, as is often the case, open surgical 
repair. 


Bladder 


Repetitive microtrauma is the most common cause of blunt 
abdominal trauma as demonstrated in a cohort of ath- 
letes who received cystoscopy following a run greater than 
10,000 m (4). Being that proximity of the bladder walls in- 
creases this microtrauma, performing with residual urine in 
the bladder is thought to be protective. 


Patients with bladder contusion present with a history of 
trauma, suprapubic pain, guarding, hematuria, and possibly 
dysuria. 

Biker’s bladder is a complication of aggressive bicycling and 
presents with abrupt onset of urinary frequency, diminished 
urinary stream, nocturia, and terminal dribbling. 

Bladder rupture may be intra- or extraperitoneal and is usu- 
ally associated with pelvic fracture. Extraperitoneal rupture 
is often treated with catheter drainage and close observa- 
tion. Intraperitoneal rupture, however, is often surgically 
repaired (16). 

Cystography is the definitive study for the diagnosis of blad- 
der rupture. If bladder rupture is present, assessment for 
pelvic fracture is mandatory. Bladder contusions are treated 
with catheter drainage for a few days. 


Genitalia 


Genital trauma may occur in any sport, although it’s often 
seen in gymnastics, cycling, martial arts, and contact sports. 


Testicular injuries result from direct trauma and include 
contusion, torsion, or fracture. 


The extent of testicular trauma and testicular blood flow can 
be evaluated by ultrasound. Testicular rupture is a urologic 
emergency requiring surgical management if the testis is to 
be salvaged. Testicular contusions are treated symptomati- 
cally. 

Penile injuries are unusual in athletes. The penis may be in- 
jured in straddle-type injuries or by direct blow. Irritation of 
the pudendal nerve in bicycle racers can cause priapism or 
ischemic neuropathy of the penis. Symptoms usually resolve 
once the race is over. 

Penile frostbite occurs in runners who wear inadequate 
clothing in extremely cold conditions. 

Female genitalia may be injured by direct trauma and results 
in contusion, lacerations, or vulvar hematoma. 

Prostate and distal urethra trauma is most commonly ob- 
served in cyclists and is often mediated by reduction of 
seat height (12). This phenomenon is seen more often in 
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triathletes compared to other types of cyclists as they adopt a 
forward leaning aerodynamic posture. 


Return to Play 


In the case of contusion or minor laceration, athletes may re- 
turn to sport following resolution of hematuria. They should 
be withheld from contact sports for a further 6 weeks (10). 
Extensive injury may necessitate withdrawal from contact 
sports for 6-12 months. 


Persistence or recurrent hematuria requires imaging evaluation. 
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BACKGROUND 





E The emphasis in medicine is changing to preventive care, and 
more people are taking part in athletics and sport activities. 

E Primary care providers are going to see a significant amount 
of injuries that occur during sports. 

E Eye injuries account for a relatively small number of injuries 
when including all sport injuries, but an eye injury can have 
a significant impact especially if vision is lost. 

E It is estimated that eye injuries from sports account for more 
than 100,000 visits to a physician each year, making the cost 
greater than $175 million (17). 





EPIDEMIOLOGY 





E There are over 40,000 sports-related eye injuries a year in the 
United States (5,7,9,14,16). 

E Approximately 90% of sports-related eye injuries are pre- 
ventable (1,5,12,14,16,17,20,24). 

E Approximately 72% of sports-related eye injuries occur in 
people less than 25 years old, and approximately 43% occur 
in children younger than 15 years old (10). 

E In the United States, baseball and basketball are associated 
with the most eye injuries in people between 5 and 24 years 
old (8,23,24). 

E Another study showed that hockey, baseball, and racquet 
sports account for the majority of injuries (17). 

E There area significant number of ocular injuries in Europe and 
South America due to soccer, and the number is rising in the 
United States due to increased participation in soccer (2,3,4). 

E A study over a 10-year span showed that 75% of severe eye 
injuries are due to squash, paintball, bungee jumping, and 
soccer (4). 





CLASSIFICATIONS OF SPORTS FOR 
OCULAR INJURY RISK 





E There are four different classifications: high risk, moderate 
risk, low risk, and eye safe (1,24). 


194 


Ophthalmology 


Generally, sports that involve a ball, racquet, or stick are con- 
sidered high risk for eye injuries. Other sports that are high 
risk include boxing and full-contact martial arts (11). 
Moderate-risk sports include golf, fishing, football, tennis, 
badminton, soccer, water polo, and volleyball. 

Low-risk sports include diving, swimming, bicycling, non- 
contact martial arts, skiing, and wrestling. 


Eye-safe sports include gymnastics and track and field. 





PREPARTICIPATION 





The eye exam is a very important part of the preparticipa- 
tion exam. A thorough ocular history should be performed, 
paying close attention to prior injuries or surgeries and the 
presence of severe myopia, infection, and any retinal detach- 
ments. All these may predispose the athlete to a more severe 
or vision-threatening injury (16,20,25). Any athlete found to 
have a positive ocular history should be evaluated by an oph- 
thalmologist or eye care professional prior to clearance for 
participation of a high-risk sport (16,20). 





OCULAR EVALUATION OF THE 





INJURED ATHLETE 

History 

E A detailed description of the mechanism of injury should be 
obtained. 

E The visual acuity needs to be measured on both the injured 
eye and noninjured eye immediately following the injury. 
Ideally, this should be compared to baseline. 

E The history of the timing of any visual loss must also be 
obtained. 

Œ Ask the athlete if there is any photophobia, diplopia, floaters, 


pain, flashing lights, tearing, nausea, or headache. 


Physical Exam 


It is critical that a thorough eye exam be done and that it not 
just focus on the obvious area involved. Ideally, it should be 
done on site. 


Exam should be done in an orderly fashion, using the unaf- 
fected eye as baseline for comparison. If asymmetry is noted, 
further investigation is needed. 


Remove contact from the affected eye. 


Visual acuity: This is the most important part of any eye 
exam and should be done first using either a Snellen card or 
other text source. If an athlete is not able to read text, light 
perception or finger count should be documented. 


Visual fields: A defect could suggest an injury to the optic 
nerve, retina, or central nervous system. 


Pupils: Evaluate the pupils using a bright light. Pupils should 
be round, reactive, and symmetric. Normally, the pupils will 
constrict equally and quickly to accommodation and light 
directed to the affected eye and uninjured eye (consensual 
light reflex). If a diminished light reflex is found, a swinging 
flashlight test can be done to better determine if the problem 
is due to an efferent (pupillary muscle or third nerve) lesion 
or an afferent (optic nerve or retina) lesion. Pupillary irregu- 
larity is almost always pathologic. 


E Anterior chamber: The anterior chamber can be examined 


with a penlight to check for any hyphema, foreign bodies, 
lacerations, or abrasions. Look closely for any blood in the 
anterior chamber, being sure to compare to the unaffected 
side. 


Extraocular range of motion: Both eyes should ensure full 
motility in all positions of gaze. An orbital floor fracture may 
exhibit limitation in gaze elevation. Double vision may sug- 
gest a serious problem in one or both eyes. 


External examination: Palpate and examine the bony or- 
bits and eyelids. Closely examine the adnexal structures, 
periorbital skin, cornea, conjunctiva, and iris. Make note 
of any bony step-offs of the orbital rim, proptosis, edema, 
or periorbital ecchymosis. Pain with opening the mouth 
(trismus) often occurs with a fracture of the lateral orbital 
wall. A fracture of the inferior orbital floor can be suggested 
if there is paresthesia in the V2 distribution of the trigeminal 
nerve (20). 


Sclera and conjunctiva: Pay close attention to signs that 
suggest a ruptured globe. These include a 360-degree sub- 
conjunctival hemorrhage, lacerations, or extruding pigment 
(uveal tissue) or gel (vitreous humor). 


Cornea: The cornea needs to be examined for clarity. Ap- 
ply fluorescein to identify any foreign bodies or epithelial 
defects. A pocket Wood’s light or ophthalmoscope with blue 
light is an appropriate light source for this exam. 


Funduscopic examination: A funduscopic exam is required 
for all eye exams to evaluate the red reflex. Asymmetry of 
the red reflex may be the only subtle finding that is seen 
on exam if the athlete has a ruptured globe. Even a small 
amount of bleeding into the ocular media can obscure the 
red reflex. Any abnormality must be referred to an oph- 
thalmologist immediately. Other ocular signs and symp- 
toms that require an ophthalmology referral are found in 
Table 30.1. 






Table 30.1 | Ocular Signs and Symptoms Requiring 
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Ophthalmology 


Referral to an Ophthalmologist 
(16,20,21) 


Diplopia Photophobia 
Hyphema Sudden decrease in vision 
Visual field loss Pain with eye movement 


Suspected globe perforation Halos around lights 
Irregularly shaped pupil 


Embedded foreign body 


Foreign body sensation 
Laceration of lid margin 
Laceration near medial canthus Proptosis of the eye 


Light flashes or floaters Shattered eye glasses or broken 


contact 


Red and inflamed eye 








COMMON EYE INJURIES 





Some of the more common eye injuries in sports will be 
reviewed. These include traumatic iritis, hyphema, corneal 
abrasions, eyelid lacerations, corneal and conjunctival lacera- 
tions, subconjunctival hemorrhages, retinal detachments, or- 
bital wall fractures, ruptured globe and penetrating injuries, 
and foreign bodies. Each section will include the symptoms, 
examination, treatment, and return-to-play (RTP) recom- 
mendations, although RTP guidelines can vary depending 
on the extent of the injury and practitioner. 


Traumatic Iritis 


E Irritation in the anterior chamber usually occurring days to 
weeks after blunt trauma. 

E Athletes will complain of a dull ache or throbbing pain, 
photophobia, and tearing. 

E This requires a slit-lamp to diagnose, so if suspected, send 
athlete for an urgent referral to an ophthalmologist. 

E ‘Treatment is with a topical steroid drop. 

E Athletes can RTP when asymptomatic and visual fields and 
acuity have normalized. 

Hyphema 

E The iris is torn either at the pupil margin or the iris root (15). 

E A hyphema is defined as blood in the anterior chamber and 
can occur with any type of significant blunt trauma. 

E Symptoms include blurred vision, photophobia, and pain 
and may be associated with traumatic iritis. 

E A complete eye exam must be performed including intra- 


ocular pressure and a slit-lamp exam. Generally, the blood 
can layer, but clots or stranding can be seen by slit-lamp. Red 
blood cells floating can be identified, which would suggest a 
microhyphema. 
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SECTION iii 


An ophthalmology referral is needed because often the 
athlete may be admitted for observation. 


Strict bed rest is emphasized, with elevation of head at 
30 degrees. 

An eye shield should be used to help decrease the risk of re- 
bleed, which occurs in as many as 30% of cases. 
Ophthalmologist should treat with atropine 1% drops two 
or three times a day for a microhyphema. 

Athletes should not be on any anti-inflammatory medicine. 
Daily follow-up by an ophthalmologist is needed to assess 
intraocular pressure and evidence for rebleed. 

Restrict activity for 4 days because there is risk for rebleed, 
and monitor for resolution. 

RTP when resolved. 


Corneal Abrasions 


Corneal abrasions are one of the most common eye injuries 
in sports (28). 

They account for 12% of eye injuries in the National Basket- 
ball Association (30) and 33% of eye injuries in the Major 
League Baseball (29). 

Symptoms include sharp pain, photophobia, tearing, and 
foreign body sensation. 

Exam should be done with a topical anesthetic drop, which 
will improve pain. 

Full examination of eye should be performed, including in- 
version of the upper lid to exclude foreign body. 

An epithelial defect is seen with fluorescein dye and a cobalt 
blue light confirming the diagnosis. 

Treat with a broad-spectrum topical antibiotic if there are 
signs of infection. If the athlete is a contact wearer, the topi- 
cal antibiotic must have adequate Pseudomonas coverage. 
With patients with significant photophobia, cyclopentolate 
1% three times a day is prescribed for 2-3 days. 


Close follow-up with daily slit-lamp exams are recommended. 
Patching could be used for comfort for large corneal abra- 
sions but is not recommended for small corneal abrasion 
because it slows healing on the first day (22). 

Protect from the sunlight during healing by wearing sun- 
glasses when outdoors. 

Patching is usually avoided especially if patient wears con- 
tacts (6). 

Keep athlete out of contact sports until completely healed, 
which usually takes about 3 days. 


Eyelid Lacerations 


Eyelid lacerations are seen after blunt or sharp trauma to the 
eye. They may also occur indirectly from a broken pair of 
spectacles. 


Localized pain and bleeding around the eye are usually present. 


Medical Problems in the Athlete 


Check for involvement of the lid margin and assess the depth 
of laceration to see if orbital fat is exposed. 


If the laceration is medial to the pupil, the lacrimal drainage 
system needs to be thoroughly examined. A ruptured globe 
must be ruled out. 

Need to refer: Lid laceration repairs should be based on 
the team physician’s level of comfort, but any laceration 
involving the lacrimal duct drainage system, full-thickness 
lacerations, exposure to orbital fat, and lacerations involving 
the lid margin require an immediate ophthalmology referral. 
No referral needed: 


E Clean the area with betadine and inject lidocaine locally 
for anesthesia. 


E Explore wound for a foreign body and irrigate with nor- 
mal saline or lactated Ringer’s. 

E Suturing is done using a 5-0 nylon. 

E Antibiotic ointment is then applied to the area, and a 
protective shield is placed. 

E Sutures can be removed within 7—10 days. 


Athletes can return to play with sutures but will need to wear 
proper eye protection until sutures are removed and wound 
is fully healed. 


Corneal/Conjunctival Lacerations 


Often, a subconjunctival hemorrhage is seen with a conjunc- 
tival laceration. 

Corneal laceration: patient usually complains of severe eye 
pain, tearing, and blurred vision. 

Conjunctival laceration: patient presents with mild eye pain, 
a red eye, and a foreign body sensation. 

A thorough ocular exam should be done. 

The cornea is best viewed with a slit-lamp, but may be seen 
with a penlight. Any irregularities of the iris, a flattened 
anterior chamber, or a fold in the cornea are indicative of a 
corneal tear. 

Fluorescein exam may show a tear. 

The team physician should pay close attention for a scleral 
laceration or other evidence for a ruptured globe or subcon- 
junctival foreign body. 

If suspected, a rigid eye shield should be placed, with imme- 
diate referral to an ophthalmologist. 

Treatment of conjunctival lacerations requires application of 
a topical broad-spectrum antibiotic and an overnight pres- 
sure patch if there is no evidence of a ruptured globe. 

Large lacerations (1-1.5 cm) can require suturing, but this 
should be reserved for the ophthalmologist. 

Athletes with corneal lacerations can RTP when released by 
an ophthalmologist and evidence of epithelium healing has 
occurred. 


Proper eye protection should be worn during sport until 
patient is fully released by eye specialist. 


Subconjunctival Hemorrhage 


Subconjunctival hemorrhages are very common after blunt 
trauma. 

Usually the athlete does not complain of any discomfort or 
maybe just very mild irritation and a red eye. 

Assessment is mainly focused on ruling out a ruptured globe 
or foreign body. 


Treatment includes reassurance to the athlete, and most 
hemorrhages resolve in 2-3 weeks. 


Athletes can RTP immediately without restrictions. 


Retinal Detachment 


Retinal detachment can occur after any direct trauma to the 
orbit or from significant head trauma. 


Athletes with myopia are at higher risk. 

Presentation includes the athlete complaining of floaters or 
flashing lights, and athlete may have a blind spot on the edge 
of a visual field. Timing may be remote to trauma, occurring 
even hours after trauma. 

The team physician must check confrontational visual field 
for defects. 

An afferent pupil defect may be present if there is a large area 
of detachment. 

A funduscopic exam should be performed, but a detachment 
can be hard to identify; they usually begin peripherally. 

If there is suspicion for a retinal detachment, an urgent refer- 
ral to an ophthalmologist is warranted for a dilated exam. 
Treatment can include laser (tears or holes) or surgery 
(detachment). 

The athlete can RTP when released by an ophthalmologist, 
depending on extent of damage, but 2 weeks is the minimum 
out of activity (19). 


Ruptured Globe/Penetrating Injuries 


These types of injuries occur from direct trauma to the orbit 
or significant head trauma. 

Like retinal detachments, athletes with myopia are at higher risk. 
The athlete may not have any symptoms or may present sim- 
ilarly to a retinal detachment (floaters, flashing lights, visual 
field loss). 

Athlete may complain of vision loss or eye pain. 

A thorough exam should be done, but NO pressure should 
be applied to the globe. 

Pay close attention to any dark pigmented tissue exposed 
(uveal tissue), leaking gel or fluid (vitreous or aqueous 
humor), or a flattened anterior chamber. 

The presence of a 360-degree subconjunctival hemorrhage 
strongly suggests a ruptured globe. 

Place an eye shield on the athlete and send the athlete for an 
immediate ophthalmology consultation. 
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E DO NOT attempt to remove the penetrating object. 

ŒE Athlete is to remain NPO (nothing by mouth) due to the 
high probability for surgical exploration and repair. 

B® RIP should be in conjunction with an ophthalmologist. 
If full vision returns, the athlete can RTP, but if partial vision 
returns, then the team physician must follow recommenda- 
tions for the monocular athlete. 

Orbital Wall Fracture 

E Mostly seen after significant blunt eye trauma. 

E Athletes present with localized pain and swelling or crepitus 
with nose blowing. 

E The athlete may have diplopia, which can suggest extraocular 
muscle entrapment. 

E Numbness on the cheek can be indicative of infraorbital 
nerve involvement. 

E A complete eye exam should be done, with focus on extraoc- 
ular motility, palpitation of the orbits, and facial numbness. 

E A ruptured globe should be ruled out. 

E ACT scan of the orbits should be ordered to further assess 
orbital wall fracture. 

E Evaluation from ophthalmologist is warranted. 

E Cephalexin 500 mg four times a day for 7 days and oxym- 
etazoline nasal spray twice a day for 3 days should be given to 
prevent orbital cellulitis. 

E Instruct athlete NOT to blow nose. 

E Apply ice for the first 24—48 hours. 

E Athlete needs clearance from eye specialist to return to con- 


tact play because timing depends on extent of injury. Some 
orbital wall fractures need immediate repair, while others 
may need repair 1-2 weeks after initial trauma. 


Foreign Bodies 


Most common sports-related eye injury. 

More common with outdoor sports (dust, debris). 

Athletes will complain of eye irritation, tearing, pain, and 
possibly a “sandy/gravelly sensation” in affected eye. 
Conjunctival injection can occur due to the constant irritation. 
A thorough eye exam should be done including eversion of 
the upper eye using a cotton applicator. Fluorescence dye 
must be done to exclude a corneal abrasion, which occurs if 
the foreign body gets lodged under the lid. 

A topical anesthetic in the eye may be used to relieve pain 
and keep the athlete more comfortable, but the anesthetic 
should not be administered on a regular basis. 

Foreign body can be removed with a saline-moistened cotton 
applicator. 

If foreign body is unable to be removed or is embedded, re- 
moval must be done using a slit-lamp by an ophthalmologist. 
If the foreign body was metal, a rust ring may be seen after 
removal, thus warranting a referral to an ophthalmologist. 
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E Athletes can usually RTP immediately once the foreign body 
has been removed and visual acuity restored. Protective eye- 
wear may be needed for a short time. 





PROTECTIVE EQUIPMENT 





E Should be made of polycarbonate or Trivex lenses (1,4,5, 
13,16,20). 

E Proper fitting protective eyewear can reduce risk for serious 
eye injury by 90% (9). 

E Contact lenses offer no protection, and prescription glasses 
offer inadequate protection. 

E A protective shield may be integrated if helmet is required 
for particular sport. 

E Eye protectors should be replaced if they show damage or are 
yellowed with age (1). 

E Protective eyewear must meet American Society for Testing 
and Materials (ASTM) standards (1,13). 


E ASTM F803 for selected sports (basketball, racket sports, 
women’s lacrosse, baseball fielders, soccer, and field 
hockey [27]) 


= ASTM F910 for youth batter and base runner in youth 
baseball and softball. 


E ASTM 513 facemask on helmet for street hockey and ice 
hockey. 
E ASTM F1587 for ice hockey goaltenders. 
E ASTM 659 for skiing (18). 
E ASTM F1776 for paintball. 
E Additional certification on eye protection is needed from the 


Hockey Equipment Certification Council and the Canadian 
Standards Association for street and ice hockey. 


E Ultraviolet protection is needed for skiers, mountain climb- 
ers, and water sports. 


Choosing Eye Protection 


E Use eye protection that is up to standard. 


E Get professional assistance to properly select eye protection. 
Professional can be an ophthalmologist, optometrist, athletic 
trainer, or optician. 


E Know the athlete’s eye and vision history. 





THE MONOCULAR ATHLETE 





ŒE A child athlete is considered monocular when best-corrected 
visual acuity in the weaker eye is less than 20/40, and an adult 
is functionally monocular when he or she believes that if vi- 
sion is lost in the better eye, quality of life would be affected 
having to rely on the weaker eye (14). 

E The monocular athlete must wear eye protection at all times 
regardless of sport (1,4,14,18). 


Medical Problems in the Athlete 


E The athlete must understand that there is still a chance for 
eye injury while participating in sport, despite proper wear 
of eye protection. 

E Full-contact martial arts, boxing, and wrestling are contra- 
indicated for the monocular athlete (1,9). 





CONCLUSION 





E Although eye injuries may be smaller in number compared 
to total injuries in sport, they can be more severe and detri- 
mental when they occur. 


Œ Physicians, athletic trainers, and coaches should educate 
people who partake in sports to be more aware of potential 
hazards if proper eye protection is not worn. 

E Professionals need to identify people at high risk for eye 
injury including the monocular athlete, people with pre- 
vious eye injury or surgery, or people who wear corrective 
lenses and participate in a potentially high-risk sport for eye 
injury (26). 

E Most eye injuries caused by sport can be prevented with 
proper eye protection that is certified by the Protective 
Eyewear Certification Council (4). 
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Charles W. Webb and C. Thayer White 





INTRODUCTION 





E Facial injuries are among the most common injuries in 
athletics. They comprise 4%-19% of all sports-related 
injuries depending on age and gender. Of all facial inju- 
ries, 3%—29% are sports related, with the majority (60%-— 
90%) occurring in males ages 10-29 (8,9). The gender 
difference increases with age from 1.5:1 male to females 
during the ages of 1-10 years to 12:1 during the ages of 
16—18 (10,13). With the addition of facemasks and mouth 
guards in football and hockey (1950s and 1970s, respec- 
tively), the number of severe facial injuries has declined 
dramatically (3). 





ASSESSMENT OF FACIAL INJURIES ON 
THE SIDELINE 





E Sideline management of the athlete with a facial injury 
begins with the ABCs (airway, breathing, circulation). 
Blood, avulsed teeth, mouth guards, or other objects are 
airway hazards. Cervical spine precautions must be ob- 
served in all head injuries, especially when the player is 
unconscious. 

EŒ The history should include the mechanism of injury and 
assess for related injuries and the presence of any other inju- 
ries past or present (9). 

E Most facial injuries are the result of direct trauma. Assess 
the nature of the impact and the presence or absence of 
protective equipment. 

E Ask about alertness, orientation, headaches, vision symp- 
toms, and neurologic deficits to assess for concussion or 
intracranial injury. 

E Ask about neck pain and take appropriate cervical spine 
precautions. 

E Other questions to ask include the following: Can you 
breathe through both sides of your nose? Are you hav- 
ing any trouble speaking? Is your hearing normal? Have 
you had any previous facial injuries or surgeries, includ- 
ing procedures to correct vision (e.g., laser-assisted in situ 
keratomileusis [LASIK])? 
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Otorhinolaryngology 


Œ Physical examination includes observation, palpation, and 


imaging (if there is any question about the diagnosis). 

E Observation includes evaluation of facial symmetry, 
bruising, lacerations, and swelling. Asymmetry is espe- 
cially important to assess on the sideline because it may 
be a clue to facial fracture and can become obscured by 
swelling and hematoma (9). 

E Bruising around the mastoid process is called Battle’s sign 
and is suggestive of a basilar skull fracture. 

E Observation of the nares includes the septum, which can 
be seen with an otoscope. A bluish-tinted bulge repre- 
sents a septal hematoma. 

E Palpation includes the orbital rim, nasal bones, maxil- 
lary bones, mandible, temporomandibular joint, mastoid 
process, and the upper and lower jaws 

E The nares should be inspected for any type of fluid drain- 
age. This may be blood or cerebrospinal fluid (CSF). The 
“ring test” is a method of detecting CSF on the sideline. 
It is done by placing a drop of blood from the nares on a 
piece of paper or gauze; CSF will form a halo (clear fluid 
ring) around the drop of blood. This represents a severe 
facial fracture and requires immediate transport. 

E Imaging is usually of limited value. X-rays may be helpful 
in determining the presence of a facial fracture; however, 
computed tomography (CT) is the gold standard. 

E Return-to-play guidance is based on the history and phys- 
ical examination. Suspected fractures (except some nasal 
fractures), airway obstruction or impending obstruction, 
uncontrolled bleeding, loss of consciousness, and changes 
in vision are contraindications for return to play. 





EAR INJURIES 





Ear Laceration 


E The more common ear injuries encountered in sports in- 


clude lacerations, hematomas, otitis externa and exostosis of 
the outer ear, and tympanic membrane (TM) rupture (trau- 
matic and barometric) of the inner ear. 

The auricle consists of avascular cartilage, which derives its 
nutrition from the tightly adhered perichondrium. Overlying 
that is closely adhered skin with little subcutaneous tissue (1). 


Signs and symptoms: Pain and bleeding around the ear with 
history of trauma. 

Examination: Must evaluate for cartilage involvement and 
for radial extension to the scalp. 


Treatment 


E Cartilage tear must be repaired unless it is very small and 
can be readily approximated. Absorbable 5-0 suture is 
preferred. 


E Local anesthesia is best achieved with nerve blocks of the 
great auricular nerve (along the superficial body of the 
sternocleidomastoid muscle 6.5 cm inferior to the audi- 
tory canal) and V3 nerve (2.5 cm anterior to the tragus in 
the notch between the condyle and coronoid process of 
the mandible) to avoid local tissue swelling (15). 


E Laceration should be irrigated thoroughly prior to sutur- 
ing, being careful to avoid removing the perichondrium. 

E Debridement of cartilage should be kept to a minimum 
to maintain cosmetic appearance and minimize risk of 
chondritis. 

E All exposed cartilage must be covered after the repair. 

E After the repair, apply a pressure dressing to prevent 
formation of auricular hematoma. 

E Prophylactic antibiotics may be used to prevent 
chondritis. 


Auricular Hematoma 


“Wrestler’s ear” or “cauliflower ear” is caused by bleeding be- 
tween the skin (perichondrium) and the auricular cartilage. 
This occurs secondary to repetitive contusions to the auricle. 
This can evolve into a permanent cosmetic deformity with 
chronic hematomas, secondary to an increased pressure and 
eventual necrosis of the cartilage. 

Signs and symptoms: Acute throbbing pain, tenderness, and 
edema. 


Examination: Soft hematoma within the auricle. 
Treatment 


E Definitive treatment is incision and complete evacu- 
ation of hematoma as soon as possible, followed by 
compression (2). 

E Compression may be achieved by mattress sutures 
through the ear with or without cotton bolstering. A cir- 
cumferential pressure dressing is also acceptable but less 
desirable. 


E The athlete should not return to play until after the re- 
moval of the compression device in 7-10 days and should 
always wear proper ear protection (head gear). 

E An alternative treatment method is repeated aspiration 
of the hematoma. This allows the athlete to return to play 
quickly (same day with head gear); however, this treat- 
ment method usually leads to a permanent cauliflower 
ear. Both the athlete and the parents should be informed 
of the risk and the permanence of this defect (11). 
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Otitis Externa (OE) 


E Infection of the external auditory canal is most commonly 
caused by bacteria (90%), primarily Pseudomonas aeruginosa, 
Staphylococcus aureus, or occasionally other aerobic and 
anaerobic species. Fungal infections cause 10% of cases (7). 


E Acute OE is unilateral in 90% of patients. 


E OE is most common in children 7-12 years old and rare after 
age 50. 

E Risk factors include high humidity, warm water, ear trauma, 
and compromised immune system. It is most common in 
water sports and has an increased incidence in poorly chlori- 
nated pools and fresh water. 

E Evaluation 
E Mild: erythema of the canal with mild discomfort and 

pruritus and a watery discharge. 

E Moderate: developing edema and mucopurulent discharge. 

E Severe: obstruction of the lumen with surrounding cel- 
lulitis, parotitis, or adenopathy. 

E Debris may be seen in the lumen, which should be removed 
to visualize the TM and facilitate effective treatment. 

E Always ensure TM integrity before irrigation or using 
ototoxic topical medications. 

E Differential diagnosis 
E Other dermatologic conditions may manifest in the ear, 

such as contact dermatitis, eczema, or psoriasis. 

E Contact dermatitis from ototopicals is not uncommon, 
occurring in 5%—18% of patients using neomycin. 

E Consider fungal causes if not responding to antibacterial 
treatment. 

E Treatment 
E Mild cases, including most fungal causes, may be treated 

with astringents, such as 2% acetic acid, 2.75% boric acid, 
or rubbing alcohol. 

™ Moderate to severe cases should be treated with a topical 
antibiotic with or without topical corticosteroid. Com- 
monly used medications include aminoglycosides, Cor- 
tisporin Otic (neomycin/polymyxin B/hydrocortisone), 
and fluoroquinolones. 

E Fluoroquinolones are the only topical antibiotic approved 
for ruptured TM. 

E Tolnaftate or clotrimazole can be used for fungal 
infections. 

E Pain control can be achieved with nonsteroidal anti- 
inflammatory drugs (NSAIDs) or mild opiates. 

E Consider oral antibiotics after getting a culture for severe 
cases or moderate disease in high-risk patients (elderly, 
immunocompromised, or diabetics). 

E If the canal is swollen, a cotton wick may be used to help 
deliver the antibiotic. 

E Swimmers may use alcohol or acidifying drops to 
prevent OE. 
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Tympanic Membrane Rupture 


This usually occurs secondary to a diving, water skiing, surf- 
ing, or slap injury. 

Signs and symptoms: Acute pain, sudden unilateral hearing 
loss, nausea, and vertigo. 

Examination: Visualization of the defect with an otoscope. 


Treatment: Observation and reassurance are the treatments 
of choice, as 90% will heal in 8 weeks. 


E Antibiotics are recommended only if an infection develops. 
E No water sports until perforation is completely healed. 


Auditory Exostoses 


Exostoses are benign broad-based osseous lesions typically 
presenting after a history of cold water exposure. 


They are usually multiple and bilaterally symmetrical. 
More common in male teenagers or young adults. 


Present with conductive hearing loss, from external auditory 
canal obstruction. 


Pain with palpation or with cold water exposure. 

Bony outgrowths of the temporal bone into the auditory canal. 
Related to cold water exposure, primarily in surfers. 

Surgical referral for excision is advised for large growths or 
progressive hearing loss. 

Protective equipment, such as ear plugs, is used for treatment, 
as well as prevention for cold water athletes. 

Treatment involves ear plugs, avoidance of cold water, and 
surgery in severe cases (12). 





NASAL INJURIES 


Nasal Fractures 


Most common sports-related facial fracture, as well as the 
most common facial structure injured. Direct end-on blows 
usually result in comminuted fractures of both the bone and 
the cartilage. Side blows usually result in simple fractures 
with deviation to the opposite side. 

Signs and symptoms: Acute pain, tearing, epistaxis, facial 
swelling, and ecchymosis. 

Examination: Crepitus over the nasal bridge and observa- 
tion of nasal deformity. 


E If bleeding is present, a ring test should be performed. 

E Careful evaluation for other injuries. 

X-rays: Seldom helpful for treatment decisions in the clinic 
or emergency room, but may be useful in documentation. 
Treatment: Reduction of the displaced nasal fracture may be 
done on the sideline and is semi-painless if done immediately. 
E If unable to reduce, an otorhinolaryngology referral is 

required in 5-7 days for reduction. 


Medical Problems in the Athlete 


E Follow-up within 48 hours to ensure no septal hematoma. 


E Athletes should not return to play the same day unless 
there are absolutely no other associated injuries and the 
nose can be protected. Return to play is typically not ad- 
vised for at least the first week after reduction. External 
protective devices are recommended for the first 4 weeks 
after injury. 


Septal Hematoma 


Accumulation of blood between the septal cartilage and the 
overlying perichondrium. 


Septal hematomas are prone to abscess formation and may 
lead to pressure necrosis of the underlying bone and carti- 
lage (saddle nose deformity) if not treated (9). 

Signs and symptoms: Acute pain, facial swelling, and nasal 
obstruction. 


Examination: A bluish bulge is seen on the nasal septum. 


Treatment: Prompt aspiration is the key to successful 

treatment. 

E Aspiration is done using an 18- to 20-gauge needle or 
scalpel, and then packing the nose with bilateral nasal 
packing for 4—5 days to prevent recurrence. 

E The use of prophylactic broad-spectrum antibiotics for 
10-14 days to prevent abscess formation, especially in 
children, is often recommended, although it is not proven 
to reduce complications. 


E Complications: Minor: minor aesthetic deformities and 
septal alterations with no airway compromise. Major: na- 
sal deformation causing aesthetic impairment, deviation 
of the septum with nares obstruction, and swelling of the 
cartilage or complete erosion of the septal cartilage with 
saddle deformity of the nose. 


Epistaxis 


Anterior Epistaxis 


Of all nosebleeds, 90%-—95% are anterior. The most common 
site for bleeding is from the Kiesselbach’s plexus in Little’s 
area on the anterior septum (6). 

Causes include blunt trauma, digital trauma, dry mucosa, 
chemical irritants, mucosal atrophy (topical steroids), and 
illicit drug use. NSAIDs are a common medication in ath- 
letes that may worsen bleeding. Other antiplatelet or antico- 
agulant medications are important to ask about. 

Signs and symptoms: Dripping blood from the nostrils. 
Examination: Every effort should be made to locate the bleed- 
ing when simple compression or nasal plugging does not stop 
the bleeding. Common equipment needed for complete nasal 
examination includes bayonet forceps; nasal speculum; Frazier 
suction tip; posterior double balloon system and syringe for 
balloon inflation; and packing materials, including nonadher- 
ent gauze impregnated with petroleum jelly and 3% bismuth 
tribromophenate (Xeroform), Merocel, and Gelfoam. 


Treatment: Ice and compression of the nasal ala are the 
mainstays of treatment. 


E Topical vasoconstrictors can be used, such as phenyleph- 
rine and oxymetazoline (Afrin). 

E Cautery may be considered if pressure fails and the 
bleeding site can be identified (silver nitrate or electro- 
cautery pen). 

E Nasal packing may also be used for compression if bleed- 
ing site cannot be identified. Strenuous activity should 
be restricted if nasal packing is required, until the pack- 
ing can be removed. The packing is often coated with 
antibiotic ointment. It should be removed in 1-5 days to 
prevent pressure necrosis of the nasal septum. Oral anti- 
biotics may be given to prevent toxic shock syndrome. 


E Return to play should not be allowed with nasal packing in 
place because the potential for airway obstruction exists. 

E If no packing is required and the bleeding is controlled, 
the athlete may return to play. 


Posterior Epistaxis 


Of all nosebleeds, 5%—10% are posterior. 
Bleeding occurs from branches of the sphenopalatine artery. 


Signs and symptoms: Bleeding that drains mainly through 
the posterior pharynx and does not stop with direct pressure. 


Evaluation: The bleeding cannot be directly visualized. Must 
evaluate for other facial trauma, including orbital fracture 
and nasal fracture. Most posterior bleeds require more than 
an on-the-field assessment. These athletes should be evacu- 
ated to a hospital for ear, nose, and throat (ENT) surgical 
consultation. 


Treatment: Emergent hemostasis can be achieved with a small 
Foley catheter inserted through the nares, inflated in the poste- 
rior pharynx, and then pulled snug against the posterior nares, 
tamponading the bleeding and protecting the airway (6). 





FACIAL INJURIES 


Lacerations 


Knowledge of facial anatomy is important for assessing dam- 
age to underlying structures, such as nerves, blood vessels, 
glands, ducts, and delicate facial musculature. 


Superficial facial lacerations should be thoroughly irrigated 
and all foreign bodies removed. Repair can be done with 6-0 
or smaller sutures or skin adhesives such as Dermabond. 
Tissue adhesive works especially well on lacerations smaller 
than 4 cm, not under tension, and in children (8). 


Deeper lacerations may be repaired in the training room us- 
ing absorbable sutures for subcutaneous approximation and 
skin closure, as above. Care must be taken to assess for dam- 
age to underlying structures and cosmetically sensitive areas. 


Lip lacerations should be referred if they cross the vermillion 
border or affect the orbicularis oris muscle 
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With cheek lacerations, evaluate for damage of the parotid duct. 


Tongue lacerations may be repaired with absorbable suture 
or covered with saline-soaked gauze and referred. 


Eyelid lacerations should be closed within 12-36 hours. 
Packing with iced saline gauze can decrease swelling to allow 
for better repair. Some simple lacerations may be repaired 
on site, but referral to a qualified provider is strongly recom- 
mended for any involvement of the lid margins, tear ducts, 
lacrimal sac, or levator palpebrae muscle (1). 


Tetanus status should be assessed. 


Fractures 


Assessment should be done immediately before swelling 
obscures bony deformity. 


The nose, zygoma, and mandible are involved in 75% of 
facial fractures (9). 

With all suspected facial fractures other than simple nasal 
fractures (discussed separately), the athlete should be re- 
moved from competition and referred for further evaluation. 


CT is the gold standard for imaging facial bones. 


Zygomatic fractures are caused by blunt trauma to the cheek. 
They can affect vision, jaw function, and the width of the 
face (8). 

Mandibular fractures may present with malocclusion or 
numbness of the inferior alveolar nerve in addition to pain 
and swelling. Fifty percent of fractures are multiple. Treat- 
ment consists of surgical reduction and fixation. 


Orbital fractures are caused by direct blunt trauma to the 
orbit. They most commonly affect the inferior wall and less 
commonly the medial wall. Vision and extraocular move- 
ment should be assessed. A deficit in either is an indication 
for emergent transfer due to risk of globe rupture or extra- 
ocular muscle entrapment. 


Maxillary fractures are classified according to the Le Fort sys- 
tem. These fractures may create an unstable midface that could 
complicate the airway. Surgical airway is sometimes needed. 

Return to play for noncombat athletes can begin with light ac- 
tivity at 21 days, noncontact training at 31 days, and full contact 
at 41 days. Protective masks may speed the return to contact. 
Combat athletes should wait 3 months before return to activity. 





TRACHEAL INJURIES 





Blunt trauma to the anterior neck can have devastating ef- 
fects on the larynx and the trachea, causing serious airway 
compromise. Hockey, football, softball, baseball, wrestling, 
soccer, lacrosse, and gymnastics are the sports more com- 
monly associated with tracheal/laryngeal injury. Hockey, 
baseball, softball, lacrosse, and fencing all require the athlete 
to wear neck-protecting extensions or masks to protect the 
anterior neck. Blunt trauma to this region can produce both 
contusions and fractures of the larynx and the trachea. 
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Laryngeal Fracture 


E Typically a result of high-force trauma and associated with 
other maxillofacial injuries. 

E The signs and symptoms include airway compromise, voice 
changes, subcutaneous emphysema, and palpable fracture. 


E Itis of the utmost importance to establish an airway, protect it, 
and then transport the athlete to the nearest health care facility. 
If there is an associated facial injury, it may be impossible to 
place an orotracheal tube or a nasotracheal tube. In these cases, 
the surgical airway of choice is the cricothyroidotomy (14). 


Cricothyroidotomy 


E Cricothyroidotomy is placement of a catheter through the 
cricothyroid membrane to establish an airway. This surgical 
airway may be used as a temporizing airway when oral and 
nasal intubation is not possible. 

E This is done by first identifying the anatomy. The crico- 
thyroid membrane is located between the thyroid carti- 
lage and the cricoid cartilage. The first landmark to find 
is the thyroid cartilage (Adam’s apple), and then move 
inferiorly to the groove below the thyroid cartilage. The 
cricothyroid membrane is in the space between the thy- 
roid cartilage and the cricoid cartilage located as the next 
hard ring of tissue inferior to the thyroid cartilage. 

E If time permits, the neck should be prepped with alcohol 
or povidone-iodine and the skin anesthetized locally be- 
fore the first incision is made. 

E The initial incision is made vertically through the skin 
(3—4 cm) over the cricothyroid membrane. 

E The next step is to identify the cricothyroid membrane 
immediately inferior to the thyroid cartilage. Once it is 
identified, a 1- to 2-cm horizontal incision is made. 

E Insert a tracheostomy tube or a 5- to 6-mm endotracheal 
tube (3 mm for a child) and secure the tube with tape. 


E If there is not enough time to perform the surgical proce- 
dure, a needle cricothyroidotomy may be performed by 
locating the cricothyroid membrane as above and inserting a 
12- to 16-gauge needle catheter that is attached to a syringe. 
This allows the syringe to be connected to a pressurized oxy- 
gen source or a 3.0 endotracheal tube for ventilation while 
transport is taking place. 






Table 31.1 | Sideline Cricothyroidotomy Kit 





Alcohol pads 
#11 scalpel 


Povidone-iodine pads or swabs 
3- or 5-cc syringe with needle 


1% or 2% lidocaine with or 
without epinephrine 


25-gauge needle 


5- to 6-mm endotracheal tube or 
tracheostomy tube 


4-inch hemostat 


3-mm endotracheal tube 12-16 gauge catheter over needle 
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Table 31.2 | Risks and Contraindications for 
Surgical Airway 


Contraindications 








Risks Absolute Relative 
Hemorrhage Ability to place Coagulopathy 
another type of 
airway 
Esophageal Overlying tumor 
perforation 
Subcutaneous Hematoma 
emphysema 
Tracheal stenosis Age less than 
10 years 
Vocal cord damage Indistinct 
landmarks 
Aspiration Previous intubation 
Infection Longer than 3 days 





E There are prepackaged cricothyroidotomy kits available 
commercially. These kits will come prepackaged for either 
the blind percutaneous method or insertion through the 
skin incision. The contents for a sideline cricothyroidotomy 
kit are outlined in Table 31.1. The complications to this pro- 
cedure should be weighed against the risk of death in the 
athlete prior to availability of definitive care. The complica- 
tions and contraindications are listed in Table 31.2 (4,5). 





CONCLUSION 





E Ear, nose, and throat injuries are common injuries seen on 
the sidelines and can be quite serious in nature. The team 
physician must have a thorough knowledge of the anatomy 
in order to provide adequate care to the injured athlete. These 
injuries can range from cosmetic (wrestler’s ear) to severely 
life threatening (laryngeal fracture). Essential equipment 
and training for the team physician can mean the difference 
between life and death. 
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Nathan P. Falk and Elizabeth M. O’Connor 





INTRODUCTION 





E There are many benefits to participating in athletic activities, 
such as enhanced physical fitness and the enjoyment from 
competition. Sport, however, also increases the risk of sus- 
taining an injury, especially injuries to the teeth and mouth. 

E Sports medicine physicians are in an ideal position to facili- 
tate early intervention to preserve dental health and promote 
proper preventative strategies. 





EPIDEMIOLOGY 


E Anoral injury can be defined as dental avulsions; dental frac- 
tures; dental luxations; lacerations or contusions to the gum, 
cheeks, tongue, and lips; and jaw injuries (fracture, locked 
open or closed, temporomandibular joint (TMJ) pain, and 
chewing difficulty). A concussion from a blow under the 
chin can also be included (9). 

E Contact sports, such as basketball, hockey, and football, have 
a great risk of orofacial-related injuries. These injuries are 
the result of an increased risk of body-to-body or object/ 
surface-to-oral cavity contact and are incrementally com- 
pounded by the speed of the sport. According to a study by 
Tesini and Soporowski (15), based on 159 injuries reported 
by pediatric dentists during a 1-year period, the sports re- 
ceiving the most orofacial injuries were baseball and biking, 
followed by hockey and basketball. 

E Noncontact sports, such as golf, billiards, and bowling, have 
a much lower incidence of orofacial injury. Although not a 
contact sport, biking, as previously noted, has a great risk of 
orofacial injury (15). 

E Dental trauma data report that 25% of people ages 6-50 have 
sustained an injury to their anterior teeth (12). 

E The literature suggests that more boys than girls (3:1) are in- 
volved in orofacial sports-related injuries. Parents addition- 
ally seem more inclined to have their sons wear mouthguards 
as opposed to their daughters (15). 

Œ Studies have also shown that by the time a student gradu- 
ates from secondary school, one out of three boys and one 
out of four girls will have suffered from a traumatic dental 
injury (15). 
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Injury rates appear to be highest from about 7 to 14 years of 
age (6). 





ANATOMY 





The tooth is composed of three layers: enamel, dentin, and 
the pulp chamber (Fig. 32.1). 

The enamel is the most external layer of the three. Enamel 
protects the crown of the tooth because of its hardness and 
structure. 

The next layer is called the dentin. The dentin is softer than the 
enamel and has dentinal tubules that contain neurovascular 
structures. When dentin is exposed, it is very prone to decay. 
The internal structure of a tooth is the pulp. The pulp con- 
tains the blood vessels and nerves that supply the tooth from 
the jaw. 

The periodontal ligament (PDL) connects the alveolar bone 
to the root and anchors the tooth in the socket. 





FIELD-SIDE ASSESSMENT 





It is important not to overlook dental injuries as part of the 
sideline evaluation (4,14). 

Initial examination should be external, beginning with 
checking for lacerations of the head or injury to the neck. 
The TMJ can be externally palpated while the patient opens 
and closes the jaw. The opening pattern should be closely 
evaluated to check for deviation, which could indicate a 
unilateral mandibular fracture. Palpation of the zygomatic 
arch, angle, and lower border of the mandible should be 
checked for tenderness, swelling, and bruising to rule out 
bone fracture. 

Intraoral examination of the lips, tongue, cheek, palate, and 
floor of the mouth should be done to check for laceration. 
Tenderness, swelling, and bruising of the facial and lingual 
gingiva need to be checked. The anterior border of the ramus 
can be palpated intraorally. 

If there is a laceration to the lip or tongue, it must be pal- 
pated and, if need be, radiographed to rule out embedded 
foreign bodies. 
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Longitudinal Section of a Tooth 
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Figure 32.1: Anatomy of the tooth. 
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SPECIFIC INJURIES 





Trauma 


E Maxillomandibular relationships can increase risk for oro- 


facial injury. Many studies have shown that the orthodontic 
status increases the rate of incisal trauma. A class 11 molar 
relationship (a malocclusion where the upper teeth protrude 
past the lower teeth, also called an overbite or buck teeth), 
having an overjet greater than 4 mm, having a short upper 
lip, having incompetent lips, and being a mouth breather will 
increase the chance of dental injury. A referral to an ortho- 
dontist to evaluate for orthodontic correction to reduce such 
risks is very important (14). 

A tooth fracture can be classified as a root fracture, crown 
fracture, or a chipped tooth. The most serious complication 
of the tooth fracture would involve injury to the pulp. Pulpal 
involvement can be seen by examining the fractured area and 
looking for a bleeding spot or a red dot. This type of involve- 
ment can be painful, so care should be taken not to expose 
the tooth to air, saliva, and temperature changes. A patient 
with such a tooth fracture involving injury to the pulp 
should see their dentist for an examination and treatment on 
an emergent basis. A patient with dentin involvement should 
also not return to play and seek immediate dental attention. 
A patient with enamel-only involvement does not need im- 
mediate referral and can return to normal play with a protec- 
tive mouthguard but must see a dentist for follow-up within 
24 hours. 


A tooth with a minor chip and without displacement does 
not need immediate dental attention but should be evalu- 
ated at a near future date, preferably within 24—48 hours (7). 
Any tooth fragments that can be saved should be given to the 
patient to bring to the dental examination. 


Intrusion is the most complicated and controversial type of 
luxation injury. If the intrusion is > 6 mm, then the prognosis 
is extremely poor. The eventual outcome of an intrusive in- 
jury depends on the severity of the injury, concurrent crown 
fracture, and treatment methods. The permanent tooth loss 
of severe intrusions is quite possible. This type of injury 
needs an immediate referral to a dentist. The tooth should 
not be attempted to be put back in correct position (14). 

A tooth that has had an extrusion injury will interfere with 
normal occlusion — the patient seems to contact prema- 
turely on the injured tooth. The displaced tooth will be in 
front of or behind the normal tooth row. These teeth will be 
quite painful to return to normal position; therefore, these 
patients need immediate dental evaluation, treatment, and 
follow-up. An extruded tooth may be gently attempted to be 
repositioned in the field if not too painful (14,16). 

An avulsed tooth is a tooth that has completely come out 
of the socket. The tooth has been separated from the socket, 
and often, there are vital PDL cells on the root surface. 
The prognosis is much higher for successful reimplantation 


if the tooth is not given a chance to dry out. The tooth must 
first be located; it may be in the patient’s mouth, on their 
clothing, or near the injury site. The avulsed tooth should 
be handled very carefully — only by the crown/enamel, 
therefore not causing further damage to the root surface. 
The tooth should be implanted within the first 20 minutes 
of injury to increase success of reimplantation. Immediate 
reimplantation onsite gives the best prognosis but requires 
onsite knowledge of emergency treatment (7). The tooth 
should be gently cleansed with saline and repositioned in the 
socket, if the patient is alert. The tooth will click into place, 
but make sure the tooth is properly positioned. After reim- 
plantation onsite temporary splinting can be done with alu- 
minum foil, silly putty, or chewing gum to the surrounding 
teeth (7). The athlete should then follow up with a dentist 
immediately for definitive diagnosis and management (10). 

E If reimplantation is not able to be done onsite, then a proper 
medium for tooth transport is critical, and immediate refer- 
ral to a dentist is necessary because speed of treatment affects 
prognosis. A tooth that has been out of the mouth for greater 
than 30 minutes decreases chance of survival. If the tooth is 
reimplanted within 15-30 minutes, there is a 90% chance the 
tooth will be retained for life (6). 


E The most suitable transport medium is Hank’s balanced 
salt solution (HBSS) because of its pH-preserving fluid and 
trauma-reducing suspension. Save-a-Tooth (Biologic Rescue 
Products, Conshohocken, PA) is one HBSS-type product. 
HBSS should be readily available at schools, in emergency 
rooms, in athletic coach trainer kits, and at private medical 
offices. 


E If HBSS is not available, then milk, saliva, and physiologic sa- 
line are good alternatives. Tap water is not a good alternative 
because it can cause periodontal cell death within minutes 
(7). Cool milk has been shown to work as a better medium 
than warm milk. Also, getting the tooth into a medium with- 
in the first 15 minutes increases cell survival and reimplanta- 
tion success (16). 


E Primary avulsed teeth should not be reimplanted because 
this could injure the permanent tooth follicle (6). 


Infection 


Œ Pulpitis is when an inflamed pulp becomes necrotic, causing 
inflammation around the apex of the tooth. The tooth will 
then have localized pain and swelling and sensitivity to per- 
cussion. Referral to dentist for either a root canal or extrac- 
tion is needed. Pain medication may be given, but antibiotics 
are not necessary (6). 


E An apical abscess is localized, but if not treated, a cellulitis 
may follow. Cellulitis is a diffuse painful swelling. This infec- 
tion may spread into the fascial spaces of the head and neck, 
possibly causing airway problems. The infection may spread 
to the periorbital area with complications, such as loss of 
vision, cavernous sinus thrombosis, and central nervous 
system (CNS) involvement. A patient with cellulitis should 


be placed on antibiotics, and incision and drainage should 
be performed whether cellulitis is indurated or fluctuant to 
allow for a pathway of drainage. 


E Patients with severe swelling in the head/neck with pos- 
sible airway compromise often need hospitalization. These 
patients will need surgical drainage and intravenous broad- 
spectrum antibiotics immediately. 

H Periodontal disease is an inflammatory destructive process 
resulting in loss of attachment of tooth and bone. The PDL 
and alveolar bone are destroyed by bacterial plaque. Athletes 
with evidence of periodontal disease should be referred to 
the care of a periodontist. 


E Dental decay or caries is caused by oral bacterial demineral- 
izing tooth enamel and dentin. The acid production from 
the fermentation of dietary carbohydrates by oral bacteria 
demineralizes the tooth. Dental caries begins with no symp- 
toms but can be seen as opaque areas on the enamel that 
progress to brownish cavities (11). 

H Antibiotics should be prescribed for most sport-related and 
through-and-through oral lacerations. They are also recom- 
mended when there is an avulsed tooth, root fracture, or 
fracture of alveolar bone, mandible, or maxilla. Amoxicillin 
clavulanate or a cephalosporin is recommended (12). 


Prevention 


E A properly fitted mouthguard should be protective, com- 
fortable, resilient, tear resistant, odorless, tasteless, not bulky, 
cause minimal interference to speaking and breathing, and 
have excellent retention, fit, and sufficient thickness in criti- 
cal areas. Mouthguards are worn in football, and football 
has been reported to have 0.07% orofacial injuries. On the 
contrary, in basketball where mouthguards are not routinely 
worn, the orofacial injury rate is 34% (5). The American 
Dental Association (ADA) estimates mouthguards have pre- 
vented 200,000 injuries per year. A properly fitting mouth- 
guard will protect the teeth and may reduce the incidence of 
concussion from a blow to the jaw (11). 


E Overall injury reduction from a recent literature review was 
noted to be between 1.6- and 1.9-fold (8). 


E The literature to this point does not support mouthguards 
preventing concussions (2). 

E There are four types of mouthguards: stock, boil and bite, 
vacuum custom, and pressure laminated custom. 


B® Stock mouthguards are available at most sporting good stores 
and are the least expensive and least protective. They are ready 
to use out of the package but considered bulky and have little 
retention. 


E Boil and bite mouthguards are the most common on the 
market. The mouthguard is immersed in boiling water and 
formed in the mouth by fingers, tongue, and biting pres- 
sure. This mouthguard does not cover all the posterior teeth, 
decreasing the protective qualities and possibly increasing 
concussion chance. 
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Custom mouthguards are made by a dentist after a complete 
dental examination and proper questioning. An impression 
is taken of the athlete’s mouth, allowing the dentist to make a 
stone cast of the mouth. A single-layer thermoplastic mouth- 
guard material is adapted over the cast. A vacuum custom 
mouthguard can be made in the office. 


Increased evidence has shown that a multilayer guard or 
laboratory pressure laminated guard may be preferred to a 
single-layer guard. These either can be made by the dentist in 
the office if proper materials are available or need to be sent 
to a qualified laboratory. 


When properly worn, helmets and facemasks will increase 
safety and decrease morbidity. They protect the skin and 
bones of the head and face. Full face shields should be worn 
in hockey because wearing half shields is associated with a 
2.31% increased risk of facial laceration and 9.90% increased 
risk of dental injury (3). 

The ADA recommends mouthguard use for 29 sports: acrobat- 
ics, basketball, bicycling, boxing, equestrian, extreme sports, 
field events, field hockey, football, gymnastics, handball, ice 
hockey, inline skating, lacrosse, martial arts, racquetball, 
rugby, shot putting, skateboarding, skiing, skydiving, soccer, 
softball, squash, surfing, volleyball, water polo, weightlifting, 
and wrestling (1). 


Injury rates in football have gone from 50% to less than 1% 
since the onset of mouthguard and face mask use (9). 


In athletes who are undergoing orthodontic treatment (braces 
are a greater risk for orofacial injuries), a custom mouthguard 
is indicated (9). 

Compliance can be a problem with mouthguard use — 
coaches, parents, and athletic trainers are encouraged to 
explain to the athletes the benefit of mouthguard use (13). 





DENTAL MAINTENANCE 





E It is important for athletes as well as the general public to 


have regular dental checkups. An initial comprehensive 
dental examination should be performed, including chief 
complaint, health history, intraoral and extraoral examina- 
tion, and radiographs where applicable; then the dentist 
will recommend a recall schedule as needed dictated by the 
evaluation. 


Oral jewelry has become a recent fad with the youth of this 
country. Dental professionals are advised to give these pa- 
tients information about the problems that can occur with 
the jewelry. Tongue piercing can cause teeth fractures and 
also gingival stripping. Dental professionals should also in- 
form patients that the jewelry should be removed prior to 
any contact sports participation. 

Dentists can also screen patients who are using smokeless 
(spit) tobacco and inform them that it is not a safe substitute 
for smoking. 
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E Anorexia and bulimia nervosa can also be picked up during 
routine dental checkup. The clinical signs are erosion of the 
lingual enamel of the teeth, bilateral swelling of the parotid 
gland, and floating amalgam because of quicker erosion of 
enamel versus metal. 


E It is important for patients to follow through with any rec- 


ommended dental treatment, thereby preventing any future 
problems. 
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Infectious Disease and the Athlete 


Mark D. Harris and Thomas M. Howard 





INTRODUCTION 





E Sports participation has increased 7% in the United States 
since 1999 (44). 

Œ Many athletes and providers associate sports medicine with 
orthopedic injuries, but up to 50% of visits to high school 
and college training rooms are for infectious diseases (41). 

E Seventy-six percent of Masters athletes in one study per- 
ceived themselves to be less vulnerable than their sedentary 
peers to viral illnesses (55). 

Œ Many studies suggest a drop in upper respiratory tract infec- 
tion (URTI) incidence in moderate exercisers compared to sed- 
entary people (11,33,34), some by as much as 20%-—30% (40). 

E Special needs athletes have fewer infections than nonathletes 
with similar needs (25). 





IMMUNOLOGY AND EXERCISE 





E The immune system includes the innate immune system, 
which provides nonspecific but immediate response to a wide 
variety of pathogens, and the acquired immune system, which 
provides delayed-onset but precisely targeted immunity (1). 

E The innate immune system includes infection-fighting cells 
such as natural killer (NK) cells, phagocytes (neutrophils, 
monocytes, and macrophages), tumor necrosis factor, other 
cytokines, and complement factors (1). It includes barriers 
such as the skin, mucous membranes, and nasal hairs. Areas 
of turbulent airflow, temperature and pH, and pathogen and 
debris removal systems, such as the gastrointestinal tract 
and the mucociliary elevator, are also important parts of 
the innate immune system (7). Barriers can be breeched by 
environmental conditions, such as sun, wind, humidity, tem- 
perature, and trauma. 


E The acquired immune system is composed of B and T lym- 
phocytes, the immunoglobulins (Ig) that they produce, and 
cytokines that regulate the immune response (1). Secretory 
IgA in mucus is an especially important early defense (30). 

E Nasal breathing allows moderate volumes of air to be warmed, 
hydrated, and filtered by the nasal mucosa, hairs, and turbulent 
air flow. This removes harmful particles for disposal via expec- 
toration, sneezing, coughing, or gastrointestinal elimination (8). 








E During strenuous exercise, the body’s requirement for oxy- 


gen increases and the athlete transitions from nose breath- 
ing to mouth breathing. This brings in greater volumes of 
air but overloads or bypasses the warming and filtering 
mechanisms. Colder and drier air thickens the mucus and 
disrupts the mucociliary elevator while absence of filtering 
causes more foreign particles to be deposited in the lower 
airways (8). The ability of airways to remove them is also di- 
minished, and airway inflammation is a common result (5). 
Moderate exercise, defined as exercise for 5-60 minutes 
within a range of 40%-—60% of maximum heart rate (MHR), 
improves many aspects of immunity. Neutrophil and NK 
cell counts and salivary IgA increase with moderate exercise 
(7,8,30,45,46). 

Intense exercise, defined as 5-60 min of exercise at 70%— 
80% of MHR, and prolonged exercise, often defined as 
greater than 60 minutes, can have detrimental effects on 
the immune system (7). Cellular immunity is impaired be- 
cause cortisol and adrenaline concentrations chronically 
increase (9). Immunomodulators prolactin and growth 
hormone also increase, but the result is less clear. The func- 
tion of lymphocytes and B cells decreases, as do neutrophil 
counts. CD4—CD8 T-cell ratios are normally about 1.5:1 but 
decrease after intense or long-duration exercise, diminishing 
immune effectiveness (8). Prolonged, intense exercise causes 
NK cell number concentrations to fall (41). Salivary lactofer- 
rin and lysozyme concentrations fall (62). Serum neutrophil 
levels decline (64), and nasal and salivary IgA concentrations 
fall (47), as do serum IgG and IgE concentrations (42). 





INFECTIONS AND EXERCISE 





E Infections can compromise athletes’ ability to perform (8). 


Fever impairs coordination, concentration, muscle strength, 
and aerobic power (41). It also hinders fluid and temperature 
regulation and endurance. Viral illnesses contribute to tissue 
wasting, muscle catabolism, and negative nitrogen balance (41). 
Drugs commonly used to treat symptoms of infectious dis- 
ease can also affect athletes. Acetaminophen is generally safe, 
but antibiotics can cause diarrhea, and quinolones may be 
associated with tendon rupture. Antihistamines can cause 
sedation, and usage of ephedrine-containing compounds, 
banned by many sports organizations, will lead to positive 
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drug tests and disqualification of an athlete during the com- 
petitive season (31,41). 

E Fever can be treated with acetaminophen (up to 4 g per 
day divided into doses every 4—6 hrs) or nonsteroidal anti- 
inflammatory drugs (NSAIDs), such as ibuprofen or indo- 
methacin. In dehydrated patients, NSAIDs may contribute 
to renal insufficiency. 





RHINORRHEA AND NASAL CONGESTION 





Upper Respiratory Tract Infections 


Adults usually get one to six URTIs per year, and athletes are no 
exception, with URTIs predominating even at Olympic com- 
petition (24). They are generally viral and are transmitted by 
direct contact, usually hand to nose, eyes, or mouth. Transmis- 
sion occasionally occurs via small-particle aerosols and large- 
particle droplets. Rhinovirus (10%—40%), coronavirus (20%), 
and respiratory syncytial virus (10%) are the most common 
causes (49). In closed communities, such as locker rooms, one 
index patient can infect 25%-70% of exposed teammates (49). 

E URTI diagnosis is clinical, with symptoms including nasal 
congestion, sore throat, cough, and fatigue (56). Physical 
findings include rhinorrhea with boggy nasal mucosa and 
oropharyngeal erythema. Fever greater than 100.4°F is un- 
usual (24). The incubation period is usually 1-3 days, and 
symptoms usually last 3-7 days. Complications include bac- 
terial sinusitis (2.5%), asthma exacerbations (up to 40%), 
and lower respiratory infections (49). 

E Treatment is symptomatic, including fluids, nonnarcotic 
pain control, and decongestants or antihistamines as needed. 
Saline nose rinses can improve symptoms (53). If the URTI 
can be traced to a specific pathogen, such as influenza, anti- 
virals, such as oseltamivir, can be useful (9). 

E Handwashing with soap and water or use of alcohol-based 
hand sanitizers minimizes transmission. Good nutrition, 
moderate exercise, good hydration, and adequate sleep con- 
tribute to good health. Symptomatic individuals should 
cough or sneeze on their sleeve, not on their hand, and avoid 
public gatherings when possible (http://www.cdc.gov/flu/ 
protect/covercough.htm). 

E Influenza vaccine has an efficacy of 70%-90% in the under 
65 population, so every athlete should get immunized annu- 
ally (38). One study suggested that exercise might improve 
response to influenza immunization (17). 

E The “neck check” described later is a good rule of thumb to 
decide when to send an athlete back to play. 


Sinusitis 
E Sinusitis is inflammation of the paranasal sinuses, especially 
the maxillary and frontal sinuses. It is usually viral and self- 


limited and is a common complication of URTI, affecting 
16% of U.S. adults annually (49). 


ŒE Bacterial sinusitis can be caused by Haemophilus influenzae, 
Streptococcus pneumoniae, Moraxella catarrhalis, Staphylococcus 
aureus, and other less common bacteria. Seventy-five percent 
of cases of bacterial sinusitis will spontaneously resolve within 
1 month (49). Swimmers, divers, water polo players, and surf- 
ers seem to be more likely to develop sinusitis (41). 

E Fever, purulent nasal discharge, maxillary toothache, sinus 
pain, and sinus tenderness to palpation suggest a bacterial 
cause (8,28). Patients who develop a URTI and improve for 
several days and then abruptly worsen again are more likely 
to have a bacterial sinus infection (24). 

E The Berg Prediction Rule considers purulent rhinorrhea and 
sinus pain, unilateral and bilateral, in determining the likeli- 
hood of bacterial sinusitis (54). 

E Bacterial sinusitis is best treated with antibiotics, such as 
amoxicillin or trimethoprim-sulfamethoxazole (28). Second- 
line agents include doxycycline, clarithromycin, or amoxicillin 
clavulanate. The standard course is 10-14 days, but some stud- 
ies suggest that a 3-day course is sufficient (41). Treatment of 
viral sinusitis is symptomatic, similar to that for URTI, but 
saline nasal spray can dilute thick mucus and provide short- 
term relief (53). 

E The “neck check” is a useful return-to-play guideline for 
sinusitis. 





COUGH 





Acute Bronchitis 


E Acute bronchitis is characterized by inflammation of the 
bronchial tree with cough lasting up to 3 weeks, with or with- 
out sputum production, in the presence of URTI (2). More 
than 10 million office visits per year are diagnosed as acute 
bronchitis (36). The same viruses that cause URTI cause 90% 
of acute bronchitis cases, and the last 10% generally involve 
bacteria such as Bordetella pertussis, Mycoplasma pneumoniae, 
and Chlamydia pneumoniae (36). Patients with bronchitis 
complain of cough as the dominant symptom. Fever can be 
present but more likely represents influenza or pneumonia. 

E Treatment is symptomatic, and antibiotics are rarely indicated. 
Bronchodilators may be useful to improve respiratory flow dy- 
namics, which are often temporarily impaired (2), especially in 
patients with exercise-induced bronchospasm or asthma (35). 
Antitussive medications lack proof of effectiveness (2). 

E Return to play can be complicated by postbronchitic airway 
inflammation. Inhaled steroids or bronchodilators may be 
helpful. 


Pneumonia 


E Pneumonia is a lower respiratory tract infection caused by 
viruses in 30%-—50% of cases and by bacteria in the rest of cas- 
es in healthy adults (41). Community-acquired pneumonia 
affects about 12 people per 1,000 population per year (37), 


and fever, productive cough, malaise, anorexia and myal- 
gias are common complaints. In severe cases, patients may 
show tachypnea, nasal flaring, intercostal and neck retrac- 
tions, rales, abnormal pulse oximetry, and cyanosis. Chest 
x-ray (CXR) may show infiltrates, and complete blood count 
(CBC) may show leukocytosis with a left shift (36). 

Clinical prediction tools such as the Pneumonia severity 
index (PSI) or PORT score and the CURB-65/CRB-65 can 
help clinicians decide on inpatient or outpatient therapy 
(16). The PSI/PORT score predicts severity based on the 
patient’s demographics, comorbidities, examinations, and 
laboratory or radiologic findings. The CURB-65/CRB-65 
predicts severity based on the patient’s mental status, blood 
urea nitrogen, respiratory rate, blood pressure, and age. 
Macrolides are the first choice for oral outpatient therapy. 
Patients with more severe disease should be hospitalized; 
however, even in the inpatient setting, intravenous antibiot- 
ics did not outperform oral antibiotics in patients without 
life-threatening illness (37). Both influenza and pneumo- 
coccal vaccines decreased the incidence of pneumonia in 
immunocompetent people, especially the elderly, in several 
studies (37). 

Athletes should be on strict rest while symptomatic and very 
gradually return to play thereafter. 





SORE THROAT 





Pharyngitis 


Viruses that cause URTI cause the majority of cases of phar- 
yngitis. Symptoms and treatment are similar to those for 
URTI. Other infectious causes include Epstein-Barr virus 
(EBV), herpes simplex virus (HSV), group A beta-hemolytic 
streptococci (GABHS), and rarely, Mycoplasma and gono- 
coccus (10,29). 

History should include time of onset, ill contacts, presence 
of URTI symptoms, throat pain, and difficulty swallowing or 
speaking. 

Pharyngitis is caused by GABHS in 5%-—15% of cases (29). 
Presenting signs include bright red, swollen tonsils with 
overlying white exudates. Abdominal pain, fever, and head- 
ache are sometimes present, and URTI symptoms such as 
cough generally are not. 

Historically, 0.1%-3% of patients, typically children, deve- 
loped rheumatic fever after a case of untreated GABHS 
pharyngitis (6). Other potential complications include peri- 
tonsillar abscess, otitis media, and mastoiditis. 

The modified Centor Score is a clinical decision rule that 
can aid in management of pharyngitis (10). It considers 
age, fever, tonsillar exudates, cervical lymphadenopathy, and 
presence or absence of cough and provides a percentage risk 
of GABHS. Rapid strep screening tests are up to 80%—90% 
sensitive in diagnosing strep throat (24). 
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Penicillin (500 mg twice a day for 10 days) is still the first-line 
treatment for GABHS. Azithromycin and erythromycin are 
good second-line choices. 

Patients with pharyngitis who do not have GABHS should be 
treated symptomatically. 

The “neck check” can be used to guide return to play. 


Infectious Mononucleosis 


Infectious mononucleosis (IM) is an acute, self-limiting dis- 
ease caused by EBV. EBV is secreted in saliva and spread by 
direct contact, hence the moniker “kissing disease.” IM inci- 
dence peaks from ages 15-25. Eventually, 95% of adults dem- 
onstrate immunity (23). 

IM begins with a 3- to 5-day prodrome including fatigue, 
headache, loss of appetite, and myalgias. Sore throat, lym- 
phadenopathy (especially posterior cervical), and fever then 
develop, and these classic symptoms typically last up to 
4 weeks (52). Although the physical exam can be unreliable, 
50%-75% of infected patients develop palpable splenomeg- 
aly, and 10%—15% develop jaundice (23,41). 

The false-negative rate of heterophile antibody absorp- 
tion tests (Monospot) is 25% during the first week of in- 
fection and 5% by the third week, so it is important to 
retest patients who were Monospot negative early in their 
course (24). Liver function tests may show a mild hepa- 
titis, and a complete blood count (CBC) may show mild 
lymphocytosis and atypical lymphocytes (52). 

IM is treated symptomatically because antibiotics and anti- 
virals are not effective and some antibiotics can precipitate 
a nonallergic rash (52). Aspirin should be avoided because 
of the risk of Reye syndrome. Corticosteroids should only 
be used in patients with significant complications, such as 
impending airway compromise, myocarditis, hepatitis, or 
neurologic involvement (23). 

Complications are infrequent but include splenic rupture, 
airway obstruction, thrombocytopenia, agranulocytosis, 
hepatic necrosis, myocarditis, pericarditis, orchitis, and he- 
molytic anemia. Neurologic complications include Guillain- 
Barré syndrome, encephalitis, myelitis, optic neuritis, and 
Bell palsy (41,52). 

Splenic rupture occurs in 0.1%—0.2% of cases (24), usually 
in males, in the first 21 days after infection and often with- 
out trauma or even exertion. Computed tomography and ul- 
trasound can reliably detect spleen size, but normal spleens 
have significant size variability, and since most athletes do 
not receive baseline measurements, imaging generally is not 
a reliable guide for return-to-play decisions (23). 

The American Medical Society for Sports Medicine consen- 
sus statement states that athletes should avoid all exercise 
for 21 days after illness onset (52). After that time, athletes 
should slowly begin increasing their activity, starting with 
walking and progressing no more than 10% per week in 
duration and intensity. Patients are usually recovered after 
2-3 months but can take longer. 
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OTHER COMMON HEAD, EAR, AND 
EYE CONDITIONS 





Otitis Media and Externa 


Over 20 million visits to providers per year are for middle 
ear infections, and 20% of those patients are adults (41). 
Thirty percent of cases of otitis media (OM) are viral and 
bacterial causes included Pneumococcus, H. influenzae, and 
M. catarrhalis (24). 


Patients usually present with URTI symptoms and ear pain. 
Most cases are self-limited, and treatment is symptomatic 
since antibiotics typically do not affect the course in people 
older than 2 years (41). Antibiotics should be used in diabet- 
ics and other immunocompromised patients or if complica- 
tions such as mastoiditis occur. 

Otitis externa (OE) is often related to repetitive water ex- 
posure, preexisting allergies, and inadequate cerumen (24). 
Pseudomonas aeruginosa is the most common identifiable 
cause but fungi, such as Aspergillus, have been implicated 
(24). Patients present with ear pain, especially with pulling 
on the tragus, and purulent discharge. Preauricular or post- 
auricular or cervical lymphadenopathy may occur. Treat- 
ment involves cleaning the debris from the auditory canal 
and applying topical antibiotic/corticosteroid drops if the 
tympanic membrane is intact (24). 

Athletes can decrease their risk of developing OE by avoid- 
ing sticking things into the ear canal and using isopropanol 
drops to dry or dilute acetic acid to acidify the external ear 
canal. Ear plugs are controversial. 

Patients with OM who are involved in water sports should 
not return to play until the tympanic membrane is in- 
tact and has normal mobility (41). Patients with OE who 
are involved in water sports may return to play when 
asymptomatic. 


Conjunctivitis 


Many factors can cause inflammation of the conjunctiva, 
including foreign bodies, excessive brightness, mechanical 
irritation from rubbing, allergens, irritant toxins, and in- 
fections. Infectious agents are usually viruses but bacterial 
causes include S. aureus, Staphylococcus epidermidis, Strepto- 
cocci, and Haemophilus (19). 

Presenting symptoms include injected conjunctiva, watery 
eyes, and discharge. Purulent discharge suggests bacterial 
conjunctivitis (24). Symptoms of more serious disease in- 
clude loss of visual acuity or visual field defect. Mild disease 
is usually self-limited, but antibiotic treatment is common 
because infectious conjunctivitis is highly transmissible. 
Patients with severe symptoms should be referred for oph- 
thalmologic care. 


Neisseria gonorrhoeae and HSV are less common and more 
dangerous causes. Neisseria must be considered in any sexually 
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active adolescent presenting with a prominent purulent dis- 
charge (41). Discharge should be Gram stained and cultured, 
and parenteral antibiotics are indicated if the lab is positive. 
Vesicular lesions on eyelids and prominent lymphadenopathy 
suggest HSV conjunctivitis. Immediate ophthalmologic con- 
sultation is indicated (41). 

Infected athletes should be excluded from competition in 
high-contact sports (such as wrestling) until the infection 
has completely cleared. Because adenovirus can be transmit- 
ted in chlorinated pool water, infected water sports athletes 
should also be kept out of the water (41). 


Meningitis 


The meninges, the tissue layers covering the brain and spinal 
cord, are typically infected via local extension of infection 
and hematogenous spread. There are two primary categories 
of meningitis: septic meningitis, usually caused by bacteria 
such as Pneumococcus, Neisseria meningitidis, or H. influenzae 
B, and aseptic meningitis (4). Septic or bacterial meningitis 
is almost universally fatal if untreated and often has a poor 
outcome even with treatment. Even in developed countries 
with advanced medical treatment, 14% of patients recovering 
from bacterial meningitis have residual hearing loss, and 4% 
have hemiparesis (4). 

Aseptic meningitis is much more common. It is defined as 
“clinical and laboratory evidence for meningeal inflamma- 
tion with negative routine bacterial cultures.” Enteroviruses 
such as coxsackie virus are responsible for 55%-70% of 
cases (24). Other viruses, fungi, protozoa, other bacteria 
(tuberculosis), Rickettsia, and even noninfectious causes are 
seen. Aseptic meningitis is most common during summer 
and fall, when enteroviridae, transmitted by the fecal—oral 
route, are most likely to be passed (41). 

Fever, stiff neck, and headache form the “classic triad” of men- 
ingitis, but only 44% of patients present with the triad (4). 
Nausea, vomiting, pharyngitis, diarrhea, and photophobia 
are common, but focal neurologic signs and mental status 
changes are especially worrisome. In the presence of these 
more serious symptoms, the patient should be sent to emer- 
gency care. 


Prevention is a must for this life-threatening disease. Good 
hand washing and avoiding shared water bottles help decrease 
fecal—-oral transmission. Immunization against H. influenzae 
and N. meningitidis are important as well. 





MYOCARDITIS 





An uncommon complication of systemic infections, myocar- 
ditis usually follows infection with such viruses as coxsackie 
virus, adenovirus, hepatitis C virus (HCV), cytomegalovi- 
rus, influenza virus, echovirus, and EBV (36). It can also be 
caused by bacteria, such as Mycoplasma and Chlamydia, and 


even noninfectious agents, such as cocaine. Men between 20 
and 40 are at the highest risk (9). 


In animal models, strenuous exercise while febrile has been 
associated with the development of myocarditis. This may be 
true in humans as well (41). 


The disease course usually begins with a common cold or 
other viral infection. Over time, chest pain, fatigue, fever, 
and palpitations may develop. In severe cases, the patient 
can develop symptoms of heart failure, including dependent 
edema, shortness of breath, paroxysmal nocturnal dyspnea, 
and orthopnea (39). Muffled heart sounds, mitral regurgi- 
tation, and a pericardial friction rub (if the pericardium is 
also involved) can occur on exam. Electrocardiogram may 
demonstrate nonspecific ST and T wave abnormalities, and 
echocardiogram may show globally decreased ventricular 
function (36). 

Myocarditis is typically self-limiting, but rarely, patients de- 
velop dilated cardiomyopathy and heart failure. Athletes un- 
fortunate enough to develop this complication will usually 
completely recover but while infected, they are at increased 
risk for arrhythmias and sudden cardiac death (39). 


If myocarditis is suspected or confirmed, providers should 
immediately withdraw the patient from all competitive 
sports and avoid all strenuous activity for 6 months since be- 
coming symptomatic. Athletes may return to exercise once 
their echocardiogram and electrocardiogram are completely 
normal, they have no arrhythmias, and they have no serum 
evidence of heart failure or inflammation (39). 





GASTROENTERITIS 


E Spending large amounts of time in congregate settings, such 


as locker rooms and team buses, competitive athletes com- 
monly share food and water, travel and live in close quarters, 
and share personal care items. These practices contribute to 
the spread of infectious disease, especially respiratory and 
gastrointestinal disease. 

FoodNet reported in 2001 that an estimated 76 million cases 
of foodborne illness occur each year in the United States (27). 
After URTI, gastroenteritis is the most common infec- 
tion in adolescents and young adults (43). Bacteria, such 
as Escherichia coli and Salmonella, and protozoa, such as 
Cryptosporidium and Giardia lamblia, can cause gastroen- 
teritis, but the most common causative organisms are viruses 
(rotavirus, Norwalk virus). Because transmission is usually 
fecal—oral, good health practices can break the chain and 
prevent disease. 


Athletes with acute gastroenteritis present with diarrhea, ab- 
dominal cramps, nausea, and vomiting. Myalgias and fevers 
commonly occur (43). If severe or untreated, significant de- 
hydration can occur, resulting in dry mucous membranes, 
very dark yellow urine or low volume of urine, and tenting 
of the skin. Patients who are more than 3%—5% dehydrated 
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should receive oral rehydration fluid if they can tolerate oral 
intake and intravenous fluids if they cannot (15). Isotonic 
sports drinks can be helpful, and cool water is fine in most 
cases. Patients with mild or moderate dehydration can gen- 
erally be rehydrated orally. Myalgias, fevers, and other symp- 
toms are treated symptomatically, and gastroenteritis usually 
resolves spontaneously in 3—4 days. Antimotility drugs, such 
as loperamide, can help patients who must maintain their 
activity. “Traveler’s diarrhea” can be prevented with bismuth 
subsalicylate or antibiotics (26). 

E Antibiotic treatment should be used judiciously in acute 
infectious gastroenteritis. Viral causes do not require anti- 
biotic treatment. Giardia lamblia and Entamoeba histolytica 
are best treated with antiprotozoal drugs, such as metro- 
nidazole. Campylobacter resolves without antimicrobials, 
and using antimicrobials in E. coli infection is frequently 
ineffective and can increase the risk of hemolytic uremic 
syndrome (27). Salmonella rarely requires antibiotic thera- 
py, but antibiotics shorten the course of disease in Shigella 
infections (27). 

ŒE A well-hydrated, asymptomatic athlete should be able to 
gradually return to play. 





BLOODBORNE INFECTIONS 





E Human immunodeficiency virus (HIV), hepatitis B virus 
(HBV), and HCV are transmitted through blood and other 
body fluids (51). Sexual contact and needle sharing are com- 
mon ways to transmit these infections. Tattooing and body 
piercing are also high-risk activities. 

E Since the recognition of HIV infection in 1981, there has 
been considerable concern about transmission through ath- 
letics. There has been one highly questionable case (32), but 
there has never been a documented case of HIV transmis- 
sion during a sporting event (3). Sexual contact, especially 
men having sex with men, and needle sharing, such as when 
athletes share needles to inject vitamins or anabolic steroids, 
are the most common paths of transmission. Over 1 million 
Americans are infected with the HIV virus, and about 21% 
do not know that they are infected (61). Body fluids, such 
as saliva and sweat, do not appear to have HIV levels high 
enough to efficiently transmit the disease during sports. 


E HIV-infected patients seem to benefit from moderate ex- 
ercise. Progressive resistance exercise (PRE) and moderate 
aerobic exercise (AE) improve VOzmax, CD4 count, and viral 
load (48). PRE improves body weight and limb girth, and AE 
enhances lipid profiles and decreases adiposity (20). Exercise 
training also seems to improve overall quality of life (12). 


E The Centers for Disease Control and Prevention estimated 
in 2007 that nearly 43,000 Americans were newly infected 
with HBV (59). HBV is able to survive outside the body for 
more than 7 days and is resistant to alcohol, drying, tempera- 
ture changes, and many detergents (32). It is approximately 
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100 times more infectious than HIV and can be transmit- 
ted via fomites (22). Investigators reported, in a 1982 case 
report, that 5 of 10 members of a sumo wrestling club at 
a Japanese high school contracted HBV in 1 year (51). An 
outbreak of HBV in an American football team infected 11 
of 65 players in 19 months (51). Jaundice, fatigue, nausea 
and vomiting, abdominal pain, dark urine, and light stool 
are common presenting symptoms. Evidence of liver failure, 
such as ascites, peripheral edema, and encephalopathy, may 
be the presenting complaints in severe infections. Interferon 
and some antivirals are effective treatments. 

The HBV vaccine is 95% effective and is strongly recom- 
mended, especially in high-risk collision sports and for health 
care staff, such as team physicians and athletic trainers (3). 
Some patients will clear HBV, but others go on to a chronic 
carrier state, which in 20% of cases will result in death. 

HCV is the most common bloodborne infection in the Unit- 
ed States, with 3.2 million people infected (60). One case 
report exists of HCV transmission transmitted by sharing 
a bloody rag during a fist fight (9), but no cases of HCV 
transmission during sports have been reported. Three soccer 
players from an amateur club were infected with HCV from 
sharing needles to inject vitamin complexes (51). Symptoms 
are very similar to HBV, and the treatments are also similar. 
Universal precautions should be strictly followed to mini- 
mize the risk of transmission. 

Routine screening of athletes for HIV is not recommended 
(3), and asymptomatic HIV infection is not grounds for 
exclusion from competition (12). 

For HBV and HCY, there are no restrictions to play as long as 
the athlete is in good general health (3,25). 





SEXUALLY TRANSMITTED DISEASES 





E As estimated by the U.S. Centers for Disease Control and 


Prevention, 2.3 million U.S. civilians ages 14-39 are infected 
with chlamydia (57). These people are usually asymptomatic 
but may complain of discharge, increased urinary frequency, 
or pain with urination. Azithromycin and doxycycline are 
generally effective treatments, but failure to treat can result 
in pelvic inflammatory disease and permanent sterility in 
women. Chlamydia infection increases the likelihood of be- 
coming infected with HIV (9). All sexually active women age 
25 and younger or those with new sexual partners should be 
tested every year. 


There are about 700,000 new cases of gonorrhea annually 
in the United States, making it one of the most common 
sexually transmitted diseases (58). Vaginal or urethral dis- 
charge, increased urinary frequency, and pain with urination 
occur, but as with chlamydia, most cases are asymptomatic. 
Gonorrhea can also increase the risk of HIV (9). It is readily 
treatable with antibiotics, such as ceftriaxone. There are no 
screening recommendations. 


E Human papillomavirus (HPV) is a common sexually trans- 
mitted virus that causes venereal warts and cervical cancer. 
The HPV vaccine dramatically decreases the risk of cancer 
and is recommended for nonpregnant women between ages 
9 and 26 (9). 





REPORTABLE DISEASES 





E HIV, hepatitis A virus (HAV), HBV, HCV, chlamydia, and 
gonorrhea are reportable diseases, as are meningococcus and 
many others. 

E Every health care facility should have a reporting mecha- 
nism. It is extremely important to be aware of and report 
reportable diseases. 





EXERCISE IN UNUSUAL PLACES 


E In the 21st century, many are pushing the envelope in sports 
participation. Marathons used to be the longest running 
races, but ultramarathons up to 100 miles and triathlons 
combining marathons with swimming and bicycle racing 
have entered the mainstream (65). Many of these events 
occur in developing countries and away from areas of good 
sanitation and medical care. 


E Infectious disease threats, such as malaria, cholera, and den- 
gue, rare or nonexistent in the developed world, are prevalent. 
Pretrip vaccinations, chemoprophylaxis, and other interven- 
tions are important. Clinicians caring for these athletes should 
add travel medicine to their list of skills and address the ath- 
lete’s needs both before and after the trip. 





IMMUNE MODULATORS 





E Because high-intensity and long-duration exercise is asso- 
ciated with relative immunosuppression, athletes, coaches, 
and sports medicine providers seek ways to keep athletes 
healthy and to help them win. Athletes in sports such as long- 
distance running, swimming, cycling, and cross-country ski- 
ing are especially prone to respiratory infectious disease. 


E A military study in 2005 found that a novel nutritional im- 
mune formula (NNIF), including vitamin C, zinc, vitamin 
E, folic acid, biotin, vitamin A, and selenium, improved 
many aspects of the immune response, including improving 
the delayed-type hypersensitivity response, increasing pro- 
portions of T-helper cells, improving activation of B cells, 
enhancing phagocytosis, and attenuating declines in certain 
functional populations of white blood cells (63) 

E Zinc does not seem to be able to prevent URTIs, but using 
zinc gluconate lozenges shortly after the onset of symptoms 
seems to be associated with a shorter duration and lower in- 
tensity of symptoms (41). 


B® Carbohydrates are important because no athlete can compete 


successfully without adequate energy stores, and the immune 
system function seems to be increased in athletes taking 
ample carbohydrates before, during, and after intense exer- 
cise (46). However, there is no reliable evidence that increas- 
ing carbohydrate ingestion prevents or mitigates infections. 
Vitamin C improves iron absorption in the gastrointesti- 
nal tract, and therefore is useful in iron-deficient patients. 
Endurance athletes, the ones most likely to develop weak- 
ened immunity as a result of their exercise, are also the 
ones most likely to develop iron deficiency (41). One South 
African study suggested that vitamin C supplementation led 
to fewer reports of URTI (50). However, the overall evidence 
that vitamin C decreases an athlete’s risk of infectious disease 
is very weak. 

Echinacea accounts for about 10% of the total market. A few 
studies suggest that, if started immediately after symptom 
onset, it may be effective for truncating the course of viral 
URTIs. As with zinc gluconate, echinacea does not show 
promise in preventing viral URTIs. Allergic reactions and 
even anaphylaxis can occur, but overall, side effects are rare. 


Glutamine, a nucleoside precursor, is produced in lung, 
skeletal muscle, and gastrointestinal mucosa and ingested in 
meats and greens. It is important in synthesis of antibodies 
and interleukin-2 and proliferation of B and T lymphocytes. 
As with many other immune factors mentioned earlier, 
short episodes of exercise increase glutamine levels, but pro- 
longed exercise decreases levels. Overtrained athletes often 
have marked glutamine depletion, and glutamine levels are 
a common diagnostic marker for overtraining syndrome. 
While adequate stores are important, it is not clear if supple- 
mentation helps prevent infection (21). 


Throat sprays: Endurance athletes often have chronic airway 
inflammation, and some believe that such chronic inflam- 
mation contributes to the development of URTIs. One study 
showed that Difflam Forte, a combination antibacterial/ 
anti-inflammatory throat spray, decreased the incidence and 
severity of URTI in marathon participants (13). 


Lactobacillus powders: IgA is an important component of 
immunity at the mucosal level, but mucosal concentrations 
of secretory IgA decrease after intense exercise. A recent 
study compared the use of freeze-dried capsules of Lacto 
fermentum with placebo in a group of runners. The treat- 
ment group demonstrated a reduction in the duration and 
severity of URTI (14). 





RETURN TO PLAY 





Æ Physicians should adopt the “neck check” to guide return-to- 


play decisions (18). Athletes with symptoms only above the 
neck (runny nose, sore throat) may exercise at low intensity 
for 10 minutes. If the symptoms worsen, the athlete should 
stop exercise until symptoms improve. If the symptoms do 
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not worsen, he or she can continue the workout at 50% in- 
tensity. Over time, the athlete can gradually increase to full 
training. Athletes with symptoms below the neck (fever, gas- 
trointestinal symptoms, fatigue) should not exercise until all 
below-the-neck symptoms have resolved (18). 

When recovering from an illness, athletes should begin at no 
more than 50% intensity and gradually increase to preillness 
training levels over several days. 

Training delay serves to avoid training while systemic symp- 
toms that limit training benefit and predispose to injury are 
ongoing. It allows athletes, coaches, and medical providers 
to grasp the true severity of the illness (18). Finally, it may 
prevent the spread of disease to other athletes. 
Return-to-play recommendations, especially the “neck check” 
and restrictions on play after mononucleosis and myocarditis, 
are important to know. 





CONCLUSION 





E Infectious disease is a major cause of morbidity in athletes, 


sometimes requiring them to miss important competitions 
and occasionally threatening their athletic career or even 
their lives. 


Sports medicine providers must be well versed in the epide- 
miology, presentation, treatment, and prevention of infec- 
tious disease in their athletes. Further, they must be aware 
of the risk of disease outbreaks in their sporting popula- 
tions, especially with teams who live and travel in congre- 
gate settings. 

Vaccines and good public health practices are vital. 


Sports clinicians who meet the challenge will provide the 
best possible care for their athletes, the best chance of win- 
ning for their team, and the most professional success and 
satisfaction for themselves. 
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J. Andrew McMahon and William W. Dexter 


E The endocrine system is a complex framework of glands 
and hormones that takes input and provides feedback to the 
hypothalamic—pituitary axis. The hormones are often ubiqui- 
tous and ultimately govern many key physiologic functions, 
such as metabolism, growth, and muscle function. Hormones 
are responsible for the machinery that allows us to exercise, 
and when deficient, provides a management challenge to both 
the athlete and the sports medicine physician. This chapter 
will review some of the key components of the endocrine sys- 
tem and the implications of disease of this system in sports. 





PANCREATIC HORMONES 


E Insulin and glucagon are secreted by the islet cells in the pan- 
creas. Glucagon is a catabolic hormone secreted as a counter 
balance to insulin through its stimulation of gluconeogenesis. 

E Insulin is an anabolic hormone that regulates glucose chan- 
nels and insulin receptors, stimulates protein and glycogen 
synthesis, and generally inhibits catabolism. When it is ab- 
sent, lipolysis produces fatty acids and ketones as the primary 
fuel source, resulting in a metabolic acidosis. Insulin is also 
involved in development through its numerous interactions 
with other mediators of growth-like growth hormone (GH) 
and insulin-like growth factor-1 (IGF-1) (20). 


E During exercise, insulin levels decrease while glucagon and 
catecholamines drive hepatic glycogenolysis and free fatty 
acid production to provide glucose to stressed cells. In this 
state, active muscles use glucose through insulin-indepen- 
dent means and potentiate the action of residual insulin 
through adaptations in the affinity for and quantity of insu- 
lin receptors. 

E After exercise, insulin production and sensitivity are in- 
creased in response to elevated blood sugars. Insulin drives 
replenishment of glycogen and protein stores and downreg- 
ulates counterregulatory hormones. 

E Diabetes and exercise 


E Because insulin is administered exogenously in diabetics, 
this cascade relies heavily on proper management. Insulin 
in excess prior to exercise inhibits catecholamines, sup- 
pressing the liver’s ability to mobilize fuel while muscles 
continue to use circulating glucose. Hypoglycemia, with 
blood sugars < 70 mg : dL~', ensues. 
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E Hypoglycemic emergencies arise as the counterregulatory 


hormones are inhibited by the exogenous insulin. Follow- 
ing exercise, enhanced glucose uptake and insulin sensitivity 
predisposes the insulin-dependent diabetic to hypoglycemia 
for as much as 12-24 hours. 


E Pallor, diaphoresis, confusion, headache, shakiness, irri- 
tability, and a change in mental status are common pre- 
sentations and may progress to syncope, seizure, or coma 
if left untreated. 

E Athletes with long-standing diabetes have a blunted stress 
response and may not exhibit these warning signs, which 
are the result of sympathetic activation. Fatigue, hunger, 
and irritability may be the only clues (22). 

E Treatment, if alert, is oral replacement with 15 g of 

glucose. 

Q Repeat blood sugar every 15 minutes until euglycemic. 





Q If obtunded, administer glucagon 1 mg intramuscu- 
larly (IM)/subcutaneously (SC) if > 100 Ib or 0.5 mg 
if < 100 lb. 


Glucagon has a short half-life and should be con- 
tinuously supplemented with additional carbohy- 
drates until sugars normalize (7). 


Hyperglycemia can also be problematic for athletes when 
insufficient insulin is present during exercise. When con- 
trol is poor prior to exercise, athletes may have high blood 
glucose and subsequent polyuria resulting in dehydration. 
Without insulin’s inhibitory effect on lipolysis, ketogenesis 
contributes to the deteriorating metabolic state. 


E Counterregulatory hormones are normally active in the 
stressed state but in this setting, will contribute detri- 
mentally to the hyperglycemia. Diabetic ketoacidosis may 
be the end result. These athletes need urgent supplemen- 
tal insulin and hydration. 

Therapeutic use exemption (TUE) 

E No TUE is needed for insulin. 

Return to play 

E Athletes with routine hypoglycemia can return to play 
when repeat blood sugars have stabilized. Blood sugars 
in excess of 250 mg - dL! or ketonuria is a relative con- 
traindication to play. Athletes with sugars between 180 
and 249 mg - dL“! should be monitored closely but can 
continue to play. 





PARTICIPATION GUIDELINES 





E Preseason 


E Assess athlete’s disease literacy. 
Nutrition, carbohydrate counting 


4 Ability to monitor blood sugars with appropriate 
frequency 

Recognizes the symptoms of hypoglycemia and hyper- 
glycemia 

4 Knows how to treat diabetic emergencies, sick day plan 

Q Medical alert bracelet 

E Screen for long-term complications of diabetes. 


I Recent hemoglobin Alc, blood pressure, lipid profile, 
creatinine, microalbumin 


Screen for peripheral neuropathy, foot care education 
Screen for retinopathy, if present, no heavy lifting 





mi 

mi 

1 Consider screening for coronary artery disease 

4 Graded exercise testing if older than 35 or 25 with 

> 15 years of diabetes 

E Create plan with sports medicine staff for diabetic 
emergencies. 

E Athlete should experiment in preseason with insulin 

regimens. 

4 Start season conditioning to minimize changes in 
insulin needs that develop with fitness. 





Q Experiment with injection site and effects of exercise 
and climate on absorption (38). 


E Before exercise 


E Estimate intensity, duration, and energy demand of event. 

E Reduce SC insulin based on intensity and duration of 
exercise. 
“1 Reduce premeal insulin by 20%-75%. 
2 Reduce by 70%-80% if > 90 minutes in duration 

(38). 

E Insulin pump users should reduce basal rate by 50% 

1 hour prior to sport. 

Q May remove pump for up to 1 hour for sport, espe- 
cially water or contact sports 

4 Frequent glucose checks 

4 Contingency plan for extended events (36) 

E Check blood sugars prior to exercise. 

Q If blood glucose < 100 mg + dL™', ingest 15 g of car- 
bohydrate. Wait 15 minutes, and recheck blood sugar. 
Repeat as needed. 


Q If blood glucose is between 180 and 249 mg - dL7!, 
increase frequency of blood sugar checks. Hold carbo- 
hydrate intake pending clinical course. 











2 If blood glucose > 250 mg: dL~', postpone exercise, 
measure urine ketone, and administer insulin. 
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During exercise 


E Add 15 g of carbohydrate for the first 30-60 minutes of 
exercise. 


2 During events of longer duration, 30-60 g - h`! carbo- 
hydrate should be ingested every 15-30 minutes. 


E Hydration 
E Monitor glucose levels at least hourly. 
Postexercise 


E Meal within 30 minutes of activity and increased caloric 
intake for 12—24 hours after activity 


E Continued blood glucose surveillance, especially overnight 
1 Watch for late-onset hypoglycemia. 





4 Adjust insulin as needed. 
E Proper foot care 
E Hydration 





THE ADRENAL GLAND 





Adrenal Cortex 


Adrenocorticotropin (ACTH), synthesized in the anterior 
pituitary, is secreted under control of corticotropin-releasing 
factor (CRF) and vasopressin. ACTH stimulates the adrenal 
glands to secrete glucocorticoids, mineralocorticoids, and 
weak androgens. 

Glucocorticoids provide negative feedback to the hypothala- 
mus when steroid levels are adequate, downregulating the axis. 
Superficially, the zona glomerulosa produces mineralocorti- 
coids (e.g., aldosterone). Mineralocorticoids help maintain 
blood volume by governing a sodium channel in the kidney 
under direction of the renin—angiotensin system and in re- 
sponse to fluctuations in potassium and blood pressure (39). 
In the zona fasciculata, glucocorticoids (e.g., cortisol) are pro- 
duced diurnally, with the highest concentrations secreted in the 
morning. The key functions of cortisol are to increase blood 
sugar through gluconeogenesis and glycolysis. Cortisol is a 
potent anti-inflammatory, decreases bone formation, strength- 
ens cardiac muscle contractions, and causes water retention. 
Glucocorticoids are secreted in response to stress and hypogly- 
cemia under direction of ACTH and catecholamines (39). 

The deepest layer is the zona reticularis where weak androgens 
are produced. They are secreted with cortisol in response to 
stress and in a diurnal fashion. Please refer to the section on 
androgens for more details (39). 


Adrenal Insufficiency 


Insufficiency results when the adrenal glands, or the hypo- 
thalamic—pituitary axis, fail to produce steroids. Patients 
present with weakness, nausea, abdominal pain, or hypovo- 
lemia with orthostatic hypotension. Myalgias and paralysis 
secondary to hyperkalemia are not uncommon (25). 
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E Diagnosis is suggested by hypoglycemia, hyponatremia, and 


hyperkalemia on routine fasting metabolic profile. 

E Cortisol and ACTH levels are a reasonable first step in 
diagnosis. 

E A fasting morning basal cortisol level < 3 wg © dL™! is 
diagnostic. 

E The diagnosis is unlikely in an otherwise healthy indi- 
vidual with a level > 10 wg + dL7! (25). 


E Treatment includes hydrocortisone (25-30 mg orally divided 


3 times a day). 
E Fludrocortisone (0.1-0.2 mg every day) may be needed 
for additional mineralocorticoid activity. 


E Long-acting prednisone or dexamethasone may also be 
used (25). 


Acute Adrenal Crisis 


E In those treated with exogenous steroids, an acute adrenal cri- 


sis may be precipitated by extreme stresses (surgery, infection, 

dehydration) or rapid withdrawal of long-term glucocorti- 

coid therapy. Chronic prednisone administration results in 
corticotrophic cell atrophy and a subsequent inability to sus- 
tain the adrenal axis when the exogenous source is removed. 

E These individuals may present with shock, an “acute” 
abdomen, or high fever, or be comatose. 

E Normal exercise does not require stress doses of cortico- 
steroids, but a fracture, moderate blood loss, or vomiting 
may precipitate an emergency. 

Treatment includes 100 mg of injectable Solu-Cortef or 

4 mg of dexamethasone. 

E Medication should be available at all times. 

E The athlete and sports medicine staff should be educated 
about how and when to use these rescue medications. 

E Attention to blood glucose levels and volume resuscita- 
tion with normal saline should be a priority. 

E Athletes with hypotension or hypoglycemia need to be 
transferred urgently to the nearest medical facility for 
volume resuscitation, intravenous steroids, and close 
monitoring of vitals and electrolytes (25). 

TUE 

E For primary adrenal insufficiency, a TUE is granted for a 
term of 4 years (and often lifetime). 

E It is subject to yearly review by an endocrinologist. 

E A plan for adrenal crisis in times of high stress should be 
integrated into the TUE. 

E The athlete should report use of stress doses on the dop- 
ing control form at time of testing. 

E A TUE for functional adrenal insufficiency resulting from 
glucocorticoid withdrawal can be granted for a period of 
4-12 weeks. 

E Given the controversy surrounding the efficacy of and 
need for dehydroepiandrosterone (DHEA) supplementa- 
tion, an independent expert should consulted (40). 
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E Return to play 


E With adequate therapy and a TUE, there are no 
restrictions. 


Adrenal Medulla 


E The adrenal medulla is a collection of postganglionic neu- 


rons under direct control of the central nervous system 
through autonomic preganglionic fibers. The medulla se- 
cretes catecholamines into the blood under direct stimula- 
tion of the autonomic nervous system in response to stress 
and exercise. 
Catecholamines, which include norepinephrine and epi- 
nephrine, act at adrenergic receptors located throughout 
the body, activating the sympathetic division of the nervous 
system. They increase heart rate, cardiac output, and arterial 
pressure through the a-adrenergic receptors. Catecholamines 
also cause bronchodilation, vasodilatation, and mydriasis. 

Ephedra alkaloids are weak sympathomimetic agents with 

actions similar to epinephrine. They are perceived as agents 

that improve competitiveness and focus and reduce tired- 
ness. There are currently no data supporting the ergogenic 
benefit of ephedra alkaloids for power, endurance, strength, 
or speed. High doses of the compound can cause anxiety, de- 
lirium, irritability, aggression, and convulsions, although the 
most dangerous side effects are hypertension and tachyar- 

rhythmia (3). 

TUE 

E Ephedrine and stimulants, in general, are banned during 
competition. There is no TUE available. 

E There are a number of other agents acting on the adren- 
ergic axis that are prohibited by the World Anti-Doping 
Agency (WADA); please refer to a current prohibited 
substances list for details. 





THYROID HORMONE 





E Thyroid hormone (TH), produced by the thyroid gland un- 


der direction of the hypothalamic—pituitary axis, is secreted 
in response to elevated thyroid-stimulating hormone (TSH) 
when TH levels are low. When there is adequate hormone, 
negative feedback shuts down the axis. 

TH helps govern fat mobilization, gluconeogenesis, and gly- 
cogenolysis and plays a key role in physical and neurologic 
development. It is responsible for maintaining body tem- 
perature through complex thermogenic mechanisms (15). 
TH upregulates B-adrenergic receptors, resulting in an in- 
creased sensitivity to circulating catecholamine and has mul- 
tiple responsibilities in muscle function. TSH and thyroxine 
(T4) have been shown to increase proportionally with exer- 
cise and, when preserved within normal physiologic param- 
eters, appear to improve muscle efficiency with exercise and 
play a key role in physical and metabolic function (15). 


Hypothyroidism 


Œ Manifestations are that of a slowed metabolic state that in- 
cludes fatigue, slowed movement, cold intolerance, constipa- 
tion, weight gain, delayed relaxation of deep tendon reflexes, 
and bradycardia. 

E In athletes, however, the complaint may be as simple as a de- 
crease in performance or fatigue. This is a challenging and 
infrequent diagnosis in young athletes. In a 2007 study of 
50 athletes with fatigue, only 6% were found to have abnor- 
mal thyroid function assays (8). 

E Cakir et al. (4) noted that 30%—80% of patients with hypothy- 
roidism present with muscular complaints, including cramps, 
weakness, stiffness, and poor exercise tolerance. 

E Exercise intolerance is likely a result of mitochondrial 
dysfunction and loss of B-adrenergic receptors affecting 
many metabolic pathways that supply active muscles. 

E In extreme cases, this may cause rhabdomyolysis or a 
polymyositis-like weakness (4). 

E Carpal tunnel syndrome is also a common manifestation (4). 

E Function of the cardiovascular system is greatly affected 
by hypothyroidism. Both systolic function and dias- 
tolic function are reduced, and the relaxation of vascular 
smooth muscles is impaired, increasing systemic vascular 
resistance (16). 

E In children, TH is a key component in bone and muscle devel- 
opment, brain maturation, and onset of puberty. Thus, a young 
athlete with hypothyroidism may present with stunted growth, 
delayed onset of puberty, or cognitive impairment (31). 

E Diagnosis 
E A high TSH and a low free T, are suggestive of primary 

hypothyroidism. 

E Treatment 
E Replacement is with levothyroxine at 25-50 ug - d`! with 

subsequent increases every 4—6 weeks by 25-50 wg until 
the patient responds (15). 

E TUE 
E A TUE is not required for thyroid replacement (40). 

E Return to play 


E Return to play is largely based on symptoms; there are no 
particular restrictions. 


Hyperthyroidism 


E Hyperthyroidism is a hypermetabolic condition, often the re- 

sult of autoimmune disease, which results in excess TH (15). 

E Symptoms may include unexplained weight loss despite 

an increased appetite, anxiety, sweating, hyperactivity, and 

palpitations, all signs of sympathetic activation. Like hypo- 

thyroid individuals, however, their only complaint may be a 
decrease in performance. 

E Thyrotoxicosis should be included in the differential diag- 

nosis of any well-trained athlete with resting tachycardia. 
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E Females athletes may have oligomenorrhea and acceler- 
ated bone resorption, but there does not appear to a risk 
for premature osteoporosis in women of reproductive 
age (9). 

ŒE Exogenous thyroid use has historically been a tool of many 
weight loss clinics in an effort to produce a hypermetabolic 
state in hopes of enhancing weight loss. 

E Haluzik et al. (12) found decreased abdominal adipose 
tissue believed secondary to a hyperadrenergic state. 

E Locker et al. (19) noted that factitious TH use is linked to 
myocardial infarction and other overt characteristics of 
thyrotoxicosis. 

E Diagnosis 
E TSH is the best initial test and is typically undetectable in 

true thyrotoxicosis. 

E Elevated free T, and total triiodothyronine (T;) support 
the diagnosis (29). 

E Treatment 
E Antithyroid medications, which include methimazole 

and propylthiouracil, are often first line in combination 
with steroids and B-blockers. 

E TUE 
E §-blockers are banned during competition for a number 

of sports requiring concentration. Prednisone requires a 
TUE. Please refer to WADA guidelines (40). 

E Return to play 

E As with hypothyroidism, there are no restrictions on return 
to play. However, any athlete with ongoing thyrotoxicosis is 
at risk for tachyarrhythmia and should be encouraged to 
avoid exercise until the disease is stabilized. 





GROWTH HORMONE 





E GH is produced in the anterior pituitary, under direction of 
GH-releasing hormone in a very complex interaction with 
many peripheral inputs. GH secretion occurs in response to 
hypoglycemia, androgens, sleep, fasting and eating, and exer- 
cise. Inhibitors include glucocorticoids, hyperglycemia, and 
fatty meals. 

E GH is produced in a pulsatile manner throughout the day 
but peaks an hour after sleep begins. GH promotes protein 
synthesis, lipolysis, and epiphyseal growth. However, it seems 
to exert a majority of its effect through IGF-1. 

E IGF-1 is produced in the liver and promotes cell prolifera- 
tion. It inhibits apoptosis, causing skeletal muscle hypertro- 
phy and activation of chondrocytes and osteocytes (24). 


GH Deficiency (GHD) 


E A pure GHD is rare in adults and may not be an ob- 
vious syndrome. It is commonly diagnosed in the set- 
ting of multiple anterior pituitary deficiencies and other 
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hormone deficiencies that produce recognizable patterns 

of disease. 

E GHD results in increased intra-abdominal visceral fat 
and an increase in the waist-to-hip ratio. Lean muscle 
mass is lost, and hypertension, hyperlipidemia, and sys- 
tolic dysfunction are additional features. 

E Bone mineralization is reduced, and an athlete may pres- 
ent with osteopenia or a pathologic fracture (35). 

E In children, GHD typically presents at ages 2-3 years 
when stunted growth, poor dental development, and ab- 
dominal obesity are recognized (27). 


Diagnosis 

E GH levels are often not helpful. 

= A low serum IGF-1 concentration is only suggestive of 
GHD (34). 

Treatment 

E In adults, human GH is given at a starting dose of 0.1- 
0.2 mg - d`! SC every night and is titrated based on serial 
IGF-1 levels. 

E In children, dose is 25-50 pg - kg! - d~' SC, and efficacy 
is based on tracking growth and serial IGF-1 levels (35). 

TUE 


E In adults, treatment of partial GH deficiency remains 
debatable, and for WADA purposes, only documented 
severe GH deficiency is eligible for TUE. 


E An independent reviewer is recommended, given poten- 
tial controversy surrounding GH supplementation. 


E In children, a TUE is granted in most instances (40). 
Return to play 
E There are no restrictions on return to play with GHD. 


Doping and GH 


Historically, athletes and trainers have felt that GH increases 

lean body mass and strength in highly trained athletes. It has 

been an intriguing substance to athletes given its ability to 
augment lean muscle mass and strength and because there 
have been limited methods to detect GH abuse. 

E WADA reports that, despite testing, no professional or 
Olympic athlete has ever tested positive for factitious GH 
use (40). 

The merits of GH as a performance-enhancing substance 

were challenged in a review of 252 studies by Liu et al. (18) 

who found a near significant increase in “lean muscle mass,” 

but these results are questionable given limited means to dis- 
tinguish solid tissue from simple fluid. 

E The papers reviewed failed to show an increase in measur- 
able strength despite an increase in muscle mass, poten- 
tially supporting the theory that fluid retention is involved. 

= A subsequent study found that 2 mg - d`! of GH may 
increase sprint capacity and anaerobic work capacity on 
a cycle ergometer when given alone and in combination 
with testosterone (23). 


E Detection 

E IGF-1 and N-terminal extension peptide of procollagen 
type III, which are markers of GH activity, are being used. 
Powrie et al. (26) noted that these markers were elevated 
in subjects receiving exogenous GH for 4 weeks. 

E GH isoforms are also being used to detect GH abuse. 
Normal GH secretion from the pituitary includes a va- 
riety of isoforms, including varies configurations of both 
22- and 20-kd forms. 

4 Exogenous GH has only a 22-kd monomer, which down- 
regulates the production of natural forms through nega- 
tive feedback. This skews the normal ratio of isoforms 
that are detected by immunoassays (23). 





PARATHYROID HORMONE 





E The parathyroid gland is located on the poles of the thy- 
roid gland and secretes parathyroid hormone (PTH), which 
plays a role in governing serum calcium and phosphorous. 
Calcium and phosphorus are key mediators of bone health, 
blood coagulation, muscle contraction, and nerve function. 
PTH responds to low serum calcium and increases bone re- 
sorption, through a complex interaction with osteoclasts, 
mobilizing calcium and increasing phosphate excretion. 

E Hypercalcemia inhibits the secretion of PTH. Calcitonin 
opposes PTH and is secreted in response to hypercalcemia 
(Ca* > 9.5 mg - dL™'). It subsequently inhibits bone re- 
sorption and encourages calciuria (20). A hyperactive gland 
results in hypercalcemia, causing bone pain, weakness, myal- 
gias, cognitive impairment, and osteoporosis. 





VITAMIN D 





E Vitamin D is produced in the skin from cholesterol by the 
stimulation of sunlight, forming vitamin D3. Vitamin D; is 
25-hydroxylated in the liver to 25-hydroxycholecalciferol 
[25(OH)D] and then is la-hydroxylated in the kidney, creat- 
ing the more active metabolite, 1,25-dihydroxycholecalciferol. 

E Vitamin D is responsible for the transport of Ca** and PO, 
from the intestine and inhibits calciuria. It also is a stimulant 
of osteoblasts and plays a role in appropriate bone miner- 
alization. Vitamin D is loosely regulated but appears to be 
inhibited by hypercalcemia (41). 


Vitamin D Deficiency 


E Deficiency results in defective calcification of the bone matrix 
and is implicated in a number of disease states. 


E Ruohola etal. (30) studied military recruits in Finland and 
found an increased risk of stress fractures with vitamin D 
deficiency. Vitamin D also appears to be important in the 
expression of genes that contribute to muscle growth and 


can result in atrophy of fast-twitch fibers and decreased 
muscle performance (17). 
E Athletes at risk include those who train indoors, in north- 
ern latitudes, with sunscreen, or at dusk and dawn (17). 
E Osteomalacia is seen in adults with inadequate amounts 
of vitamin D and is characterized by softening of the 
bones due to defective bone mineralization. 


E Patients present with bone pain and lumbar back pain 
and occasionally have pathologic fractures and proximal 
muscle weakness. 

E The disease is the result of inadequate calcium absorp- 
tion and common in malabsorptive states and those with 
eating disorders (41). 

E Diagnosis 

E Vitamin D insufficiency is defined by 25(OH)D levels less 
than 20 ng - mL™', and deficiency is defined as 25(OH)D 
levels between 20 and 30 ng - mL! (6). 

E There are no recommendations to universally screen for 
vitamin D deficiency. For most, it is likely more efficient 
to ensure adequate intake through supplementation than 
it is to pursue laboratory testing (6). 

E Treatment 

E The recommended daily intakes of calcium and vitamin D 
are 1,200 mg of elemental calcium and 800 IU of vitamin D 
daily for most adults. 

E Those with insufficiency can be treated with 50,000 units 
of vitamin D; every week for 12 weeks initially. 

E Currently, the treatment for those with vitamin D defi- 
ciency is very controversial. It appears to be reasonable to 
treat these individuals with 800—1,000 IU of vitamin D; 
daily, although some argue for the weekly high-dose regi- 
men (6,14). 

E Return to play 

E There are currently no WADA restrictions on therapy 

and no rules governing return to play (40). 





POSTERIOR PITUITARY HORMONES 





E The posterior pituitary is a collection of axons that extend 
from the hypothalamus producing, among other hormones, 
antidiuretic hormone (ADH). 

E ADH plays an important role in salt and water homeostasis, 
maintaining serum osmolality between 280 and 295 mOsm - 
kg”! H,O. Secretion of ADH is initiated by changes in both 
serum osmolality and plasma volume. 

E Nausea, stress, pain, hypoxia, and a large number of medi- 
cations, including nonsteroidal anti-inflammatory drugs 
(NSAIDs), which sensitize the kidneys to ADH are also com- 
monly implicated in stimulation of ADH secretion (28). 

E ADH acts on antidiuretic receptors in the collecting duct of 
the kidney, causing an increase in permeability of the plas- 
ma membrane. A number of clinical conditions result in a 
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condition of vasopressin excess, otherwise known as the syn- 
drome of inappropriate antidiuretic hormone (SIADH). 


Œ With this excess, a surplus of free water results, leading to 


hyponatremia and subsequent neurologic and metabolic 
disturbances. 


Exercise-Associated Hyponatremia (EAH) 


E With the growing popularity of endurance sports, such as 


marathons, EAH has become more common. The pathogenesis 
of EAH is poorly understood. 


The current practice of aggressive fluid replacement with 

water or hypotonic sports drinks in excess of typical and in- 

sensible fluid loss seems to play a role. 

Almond et al. (1) looked at 488 runners in the 2002 Boston 

Marathon and found that 13% had a serum sodium of 

< 135 mmol - L~" and 0.6% had a value of < 120- mmol L™'. 

Speedy et al. (37) looked 330 ultramarathoners and found 

that 18% were hyponatremic and 11% had a serum sodium 

of < 130 mmol: L™'. 

A common denominator among athletes with hyponatremia 

is weight gain or maintenance during an endurance event. 

What separates those who overhydrate and do not develop 

hyponatremia from those that do is not clear. 

E SIADH has also been implicated. 

E Freund et al. (11) discovered that exercise at levels above 
60% of maximal oxygen consumption stimulated the se- 
cretion of vasopressin. 


E A net loss of 5%-10% of body weight will also stimulate 
vasopressin secretion, but most athletes do not have this 
level of volume depletion (33). 

E Almond etal. (1) and Sharwood et al. (33) both found that 
hyponatremia was far more common in women than men. 

E It has been hypothesized that smaller body size or differ- 
ences in pain processing plays a role in this distinction. 

E Several studies suggest that higher levels of interleukin-6, 
a secretagogue of ADH, are produced in women in re- 
sponse to muscle damage, explaining this difference (28). 

When sodium is rapidly lowered, water crosses the blood— 
brain barrier seeking to equilibrate tonicity across the 
membrane. The resulting influx of water causes swelling and 
an increased cerebral pressure, which explains many of the 
neurologic symptoms accompanying hyponatremia. Given 
enough time, typically 24 hours, the brain is able to shunt 
water and electrolytes to the cerebrospinal fluid, restoring 
balance. 

E When the influx is rapid, this mechanism is overwhelmed, 
and the swelling and subsequent symptoms can be severe; 
seizure, cerebral edema, and coma may result. 


Many athletes with hyponatremia are asymptomatic, where- 
as others look pale and have weakness, dizziness, headache, 
nausea, irritability, and subtle changes in mental status. In 
one review, 30% of athletes with postexertional syncope were 
found to have hyponatremia (28). 
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E Treatment 


E Asymptomatic athletes should be fluid restricted and 
observed. 


E Normal saline should be avoided. 


E Severe hyponatremia is a medical emergency, and these 
patients should be transferred to the nearest medical fa- 
cility. These individuals often need 3% saline to rapidly 
correct a portion of the sodium deficit in the setting of 
life-threatening neurologic disorders. 


E Currently, there is insufficient evidence to support the 
suggestion that ingestion of sodium prevents or decreases 
the risk for EAH. 

E Hypotonic sports drinks will not prevent EAH (28). 

E The American College of Sports Medicine” (ACSM) rec- 
ommends 0.5-0.7 g sodium - L`! of water as the appro- 
priate level of sodium intake to replace the sodium that is 
lost in sweat during endurance events (2). 

E Return to play 

E There are no strict rules governing return to play follow- 
ing EAH. Clearly, a more appropriate fluid management 
strategy and close monitoring should be employed in 
subsequent events. 





SEX HORMONES 





Estrogen 


E Estrogens are a group of steroid hormones that are manufac- 
tured in the ovaries and, in small amounts, in the male testes 
and the adrenal glands, brain, and fat. 


E Luteinizing hormone (LH) stimulates the production of an- 
drostenedione from cholesterol, which is then converted to 
estrogen directly. Estrogen is also created through aromati- 
zation, under the direction of follicle-stimulating hormone 
(FSH), converting androgens to estrogens. Estrogen plays a 
role in the menstrual cycle, reduces bone resorption, accel- 
erates metabolism, reduces muscle mass, and increases fat 
stores (13). Please refer to Chapter 115, The Female Athlete 
for more details. 


Testosterone 


E ‘Testosterone is primarily a male sex hormone that is primar- 
ily produced in Leydig cells of the testicle and is regulated by 
LH and FSH. 


E DHEA and androstenedione are precursors to testosterone 
and have a weak androgenic effect. Testosterone increases 
muscle mass and strength, as well as bone density, and en- 
courages bone maturation. 


E Hypogonadism refers to a decrease in one or both of the ma- 
jor functions of the testes: sperm production or testosterone 
production. Testosterone deficiency prior to puberty results 
in underdeveloped genitals. Muscle weakness, osteoporosis, 


impotence, infertility, and depression are manifestations of 

untreated hypogonadism in adults and adolescents (35). 

Diagnosis 

E Total testosterone (8 a.m. laboratory draw), LH and FSH, 
and TSH are reasonable first steps in making the diagno- 
sis. For the purpose of WADA and a TUE, interpretation 
and evaluation by an endocrinologist are required. 

Treatment 


E Testosterone can be given as an injection 100-200 mg IM 
every 2 weeks, applied daily to skin in gel form (5-10 mg), 
or applied as a 2.5- to 5-mg daily patch. Serial total testos- 
terone levels are needed to monitor efficacy (34). 


E TUE 


E A TUE for testosterone replacement is required in 
the setting of appropriately diagnosed and managed 
hypogonadism. 

TUE is subject to yearly review. 

E Given the potential controversy associated with the use 
of testosterone, management by an endocrinologist 
and the opinion of an independent expert are strongly 
recommended (40). 


E Return to play 


E There are no restrictions on return to play. 


E Testosterone abuse 


E A large Centers for Disease Control and Prevention sur- 
vey found that 4% of adolescents in high school reported 
taking androgenic steroids without a doctor’s prescrip- 
tion (10). It can be challenging to determine which ath- 
letes are using these drugs. 


E With testosterone, especially at supratherapeutic doses, 
there is an increase in lean body mass through hypertro- 
phy of existing muscle fibers and through growth of new 
fibers. This is accomplished through enhanced protein 
synthesis, interactions with GH, and inhibition of corti- 
sol’s catabolic actions (21). 

E There is some suggestion that testosterone supplementa- 
tion may make the athlete more aggressive, and it also 
appears to positively affect oxygen utilization and systolic 
function. 

E Androstenedione and DHEA are precursors to testos- 
terone. There is little evidence suggesting that andro- 
stenedione has a measurable physiologic benefit. DHEA 
has been marketed heavily recently as an antiaging drug 
given its theoretical ability to burn fat and build muscle. 
There is a paucity of data to support this claim. It is avail- 
able over the counter and commonly used by athletes but 
may result in feminization when it is aromatized. Studies 
have had mixed results on the efficacy of DHEA (36). 


E Side effects of androgen abuse 


E Gynecomastia, virilization, hirsutism, male pattern 
baldness, acne, deepening of the voice, and clitoral en- 
largement are some of the cosmetic complications of 
testosterone. 


E Testicular atrophy is a result of the inhibition of natural 
testosterone production by high exogenous concentra- 
tions through negative feedback. Some will try to mask 
this by using human chorionic gonadotropin (21). 

E Coagulopathy, hyperlipidemia, hepatotoxicity, and po- 
tentially hemorrhagic liver cysts have also been described. 

E In young athletes, testosterone may stimulate premature 
epiphyseal fusion, resulting in short stature. 


E A number of psychiatric issues have been described, but 
the data are largely anecdotal (36). 


E Drug testing 


E Androgens other than testosterone can be detected by gas 
chromatograph. 


E It is not currently possible to distinguish between exog- 

enous and endogenous testosterone. The conventional 

method is to determine the urinary ratio of testosterone 

to epitestosterone glucuronide (T/E ratio), which is typi- 

cally 3:1 (36). 

Supplemented testosterone will increase the ratio to 
6:1 or higher (5). 

4 However, this test is skewed by genetic differences in 
testosterone metabolism (32). 





The method currently used to confirm testosterone abuse 
is determination of the ratio of carbon 13 to carbon 12 in 
urinary metabolites of testosterone (36). 
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Hematology in the Athlete 


William B. Adams 





INTRODUCTION 





E Athletes as a group tend to be healthier, but they are still 
susceptible to the same hematologic diseases as nonathletes. 
However, symptoms from hematologic disturbances may 
manifest earlier and at lower severity, often presenting as im- 
paired physical performance (12,14). 

E Maximalor prolonged exertion efforts typically cause transient 
changes in several hematologic indices (4,7,9,19,25,31,37,41). 
Regular endurance and altitude training generally results in 
more sustained alterations of hematologic parameters (2,34). 
Dietary inadequacies, not uncommon in athletes, may cause 
hematologic problems because of a deficit of calories or criti- 
cal nutrients (2,18,29,32). 





ANEMIA 





E Anemia is a deficiency of total red blood cell (RBC) mass 
that manifests as RBC volume (hematocrit [Hct]) or hemo- 
globin (Hb) concentration below normal values. Symptoms 
and physical manifestations depend on reduction in RBC 
volume, the decrement in oxygen delivery to tissues, the rate 
at which these changes occur, and compensatory capacity of 
the cardiopulmonary system (23,24). 

E Prevalence in U.S. males: 2.9% overall, 0.7% in those ages 
19—40, but 9.4% in men older than 60 (15). 

E Prevalence in U.S. women of all ages is 7.5%, with a higher 
proportion (24%) of black women having anemia. Preva- 
lence in all women ages 19—40 is 8% (6,15). 

E Anemia arises from either excessive loss or inade- 
quate production of RBCs or a combination of both 
(13,23,24). 

E Athletes trying to restrict weight or follow special diets 
that are deficient in iron, vitamins, or calories may have a 
higher prevalence of anemia (4,29,34). 





ATHLETIC PSEUDOANEMIA 





E Regular consistent aerobic or endurance-level training causes 
an increase in both RBC production and plasma volume; 








however, plasma volume expansion typically exceeds the in- 

crease in RBC mass, causing a slight reduction in Hb and 

Hct in the resting state. This condition, common in ath- 

letes, is not a true anemia but rather a physiologic adapta- 

tion that promotes increased cardiac output and enhanced 
oxygen delivery to tissues and protects against hyperviscosity 

(8,11,14,34). 

E Plasma volume can decrease 5%-20% with endurance 
exercise (sweat losses and intravascular fluid shifts) (34). 

E Conditioned endurance athletes tend to have greater tran- 
sient reductions in plasma volume as a result of greater 
sweat losses. 

E Hb values typically run 0.5 g - dL! lower for athletes regu- 
larly pursuing moderate-intensity training and 1.0 g + dL~' 
lower for elite-level athletes (8). 

E Diagnosis may be confirmed by the following: 

4 Retesting the athlete after several days of rest from train- 
ing as the hemodilution of conditioning reverses within 
days of terminating endurance-level training (34). 





4 Inferred from laboratory testing yielding are the 
following: 


Normal RBC indices and reticulocyte distribution 
width (RDW) on complete blood count (CBC) 


Normal reticulocyte count 


Normal serum ferritin level 


IRON DEFICIENCY ANEMIA 





E Deficiency of iron in the body is the most common cause of 


true anemia in the athlete, as in the nonathlete (8,11). It may 
arise from inadequate dietary intake, excess losses through 
blood loss, or a combination of both. 


E Occurs more often in female athletes mostly because of 
menstrual losses coupled with inadequate consumption 
of meat or other sources of iron (5,11). 

E Laboratory testing reveals a low Hb and Hct with low 
mean corpuscular volume (MCV) and mean corpuscular 
hemoglobin (MCH). 

E RDW is increased, unless iron deficiency is longstanding. 

E Peripheral smear reveals hypochromic microcytic cells 
with a low to normal reticulocyte count. 
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E Serum ferritin levels are low, typically < 12 ug -© L`! 
(note, however, that ferritin levels of 12-35 ug - L7! may 
reflect inadequate iron stores with associated decrement 
in athletic performance without anemia manifesting) 
(29,31). 

E Total iron binding capacity (TIBC) tends to be elevated. 

E Transferrin saturation (serum iron X 100/TIBC) tends to 
be low (particularly < 16%) (23,24). 

In evaluation of iron deficiency anemia, it is imperative to 

determine the cause of the deficiency in order to choose 

the best therapy and to avoid overlooking potentially seri- 
ous conditions. Iron replacement should continue until 

6-12 months after anemia has resolved (35). 





ANEMIA FROM BLOOD LOSS 





E Anemia may arise from acute bleeding or massive hemolysis, 


as well as chronic cumulative losses from insidious bleeding 
or persistent accelerated destruction of RBCs. Acute hem- 
orrhage is typically obvious from history or examination 
findings of gross blood, melena, or manifestations of hy- 
povolemia. Bleeding contained within tissues or the body 
cavity may be less obvious, particularly in the retroperito- 
neal space. Characteristics of rapid blood loss include the 
following: 

E Hb and Hct (both concentration values) are initially nor- 

mal in the absence of any fluid administration (22,23). 


E Platelet counts initially drop with hemorrhage but be- 
come elevated within 1 hour if hemorrhage stops (22,23). 


E Hb and Het values decline over the ensuing days with 
plasma volume expansion. 


E RBC indices are initially normal. After 3-5 days, MCV 
and RDW start to increase because of reticulocyte re- 
sponse (22,23). 

E Bilirubin levels are normal unless bleeding is internal. 
Similar to hemolysis, internal bleeding causes a rise 
in unconjugated bilirubin and lactate dehydrogenase 
(LDH) but without evidence of hemolysis on periph- 
eral smear. 


If blood loss is slow and insidious, as in chronic low-grade 
gastrointestinal (GI) bleeding or menstrual blood loss in 
women, anemia may not manifest until iron stores are de- 
pleted. This situation may be revealed by a reticulocytosis 
with concomitant increase in RDW well before iron stores 
are depleted and MCV becomes low. 


GI blood loss: GI bleeding is a very common and often 
serious cause of anemia. It may arise from peptic ulcer 
disease, vascular anomalies, inflammatory bowel diseases, 
ischemic bowel syndromes, infection, diverticula, or tumors. 
Thus, stool occult blood testing is indicated in any anemia 
evaluation (28). Note that it is not uncommon for athletes 
to manifest mild transient GI bleeding from marathons and 
similar endurance events (exercise-associated GI bleeding). 
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E Features of exercise-associated GI bleeding include the 


following: 

E Occurs exclusively with prolonged endurance events and 
is low grade (5,34,35). 

E Source of bleeding is seldom detectable; it is theorized to 
arise from acute transient ischemia or mechanical contu- 
sion (e.g., cecal slap syndrome) (5,34,35). 

E In the absence of this or other pathology, bleeding is sel- 
dom significant enough to cause anemia (14). 

Note that regular use of nonsteroidal anti-inflammatory 

drugs (NSAIDs) is common among athletes. In addition to 

NSAID-induced acute GI bleeding, chronic use may cause 

enough insidious blood loss over time to impact RBC mass 

(5,34,35). All GI bleeding warrants thorough investigation to 

rule out serious causes. 

Menstrual blood loss: Menstrual bleeding with concomitant 

loss of iron coupled with inadequate iron replacement are 

common causes of anemia in women. When evaluating any 
woman for anemia, the provider should estimate the volume 
of menstrual blood loss and adequacy of iron replacement. 

Treatment is focused on reduction of menstrual flow if ex- 

cessive and enhancing iron replacement. Clues for significant 

iron losses through menstruation include the following: 

E Heavy and/or frequent menses 

Twelve or more soaked pads throughout menses 

Passage of clots beyond the first day 

Flow greater than 7 days 


More than one episode of menstrual flow per month 


Diet inadequate to compensate for cumulative menstrual 
losses (e.g., low intake of dietary iron sources) (18,24) 


Exertional hemolysis (i.e., footstrike hemolysis): Intravas- 

cular destruction of RBCs may occur in association with 

various exertional activities. Originally described as “march 

hemoglobinuria” in foot soldiers in the late 1800s, it was 

thought to arise from the footstrike causing compression 

of capillaries and rupturing RBCs; however, it is also seen 

in swimmers, rowers, and weightlifters, although usually to 

a much lesser degree (8,11,34). It is now hypothesized that 

intravascular turbulence, acidosis, and elevated temperature 

in muscle tissues may be causative factors as well (8). 

E Typically hemolysis is not significant enough to affect 
CBC parameters (8,11,34). 

E Reticulocyte count, RDW, and MCV may be elevated 
(8,11,34). 

E Haptoglobin levels may be reduced if there is enough 
cumulative hemolysis (8,11,34). 

E Transient hemoglobinuria may occur if hemolysis exceeds 
binding capacity of serum haptoglobin (approximately 
20 cc of blood) (8,11,34). 

Generally no treatment is necessary; reducing impact 

forces to the feet (e.g., improved shoe cushioning, softer 

running terrain) may benefit some, particularly distance 

runners (8). 





SICKLE CELL TRAIT 





E Sickle cell trait (SCT), the heterozygous state where Hb S is 
present with Hb A in RBCs, is a common condition. It typi- 
cally does not cause anemia and causes little impairment of 
athletic performance (10,14). 

E Present in 8% of blacks in the United States. 

E May confer heightened risk of complications with exer- 
cise at altitude: Sickling may be provoked in hypoxic en- 
vironments, particularly altitudes above 10,000 ft, and 
cause a clinical picture similar to sickle cell anemia. Vig- 
orous exertion at altitudes of 5,000 ft or more may result 
in enough hypoxic and metabolic stress to induce sick- 
ling and its sequelae (10,20). 

E Epidemiologically associated with increased risk of sud- 
den death in heat stress environments and settings of 
rapid accelerated conditioning and sustained maximal 
exertion efforts (20). 

E May manifest mild microscopic hematuria independent 
of physical exertion, which is rarely significant (10). 

E May confer higher risk of exertion-related rhabdomyolysis, 
particularly in heat stress conditions (10). 





ERY THROCYTHEMIA (POLYCYTHEMIA) 





E RBC mass may be increased as a physiologic response to hy- 
poxic stress, disease processes, or drug use. Smoking, carbon 
monoxide exposure (e.g., ice rinks), and training at altitude 
may also increase RBC mass in athletes. A spurious erythro- 
cytosis may also arise from transient plasma volume contrac- 
tion (e.g., exercise, dehydrated status) (30). True polycythemia 
arises from conditions of excess RBC production, either as 
part of a hyperplastic marrow response (polycythemia vera) 
or secondary response to excess erythropoietin production 
(secondary polycythemia). 





ETIOLOGIES OF ERYTHROCYTOSIS 





 Pseudoerythrocytosis: Patient in a dehydrated state when 
phlebotomy is performed. 

 Polycythemia vera: A myeloproliferative disorder involving 
trilineage marrow hyperplasia. RBC mass increase is associated 
with leukocytosis and thrombocytosis. Erythropoietin levels 
are low, with markedly elevated Hct. These patients require 
regular phlebotomy to prevent a hyperviscosity state (27). 

Secondary erythrocytosis: Results from intrinsic elevated 
erythropoietin or excess erythrocyte production (30). 
E Hypoxic stress 
E Endogenous conditions of excessive erythropoietin 

production 
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E Endogenous conditions of isolated excess erythrocyte 
production 


E Blood doping 


E Transfusion (phlebotomy later followed with autologous 
blood transfusion). 


E Exogenous erythropoietin characterized by elevated RBC 
and erythropoietin levels with normal white blood cell 
(WBC) and platelet counts (30,36). Erythropoietin pro- 
duced by recombinant DNA techniques (rEPO) is identical 
to endogenous human erythropoietin, making detection 
difficult (42). 





WBC LINE ABNORMALITIES 





Strenuous or prolonged vigorous exercise may acutely pro- 
duce profound transient perturbations of WBC populations. 
This effect, however, resolves with rest and is not typically as- 
sociated with persistent abnormalities of WBC lines. Various 
drugs may either elevate or depress WBC production, as may 
infection. Persistent leukopenia may be indicative of human 
immunodeficiency virus infection or marrow disorders. 
Some populations (e.g., black males) may manifest a mild 
neutropenia that is nonpathologic (19). 

If blood work indicates a pathologic alteration of the WBC 
population, examination should include a thorough assess- 
ment of lymphatic and hematologic systems with investiga- 
tion for infectious, toxic, or oncologic causes. 

Readily treatable etiologies, such as infection, are addressed 
as indicated. Otherwise, referral to a hematologist for bone 
marrow assessment may be necessary, particularly if there is 
profound leukopenia, leukocytosis, or disturbances of other 
cell lines suggestive of malignancy (38). 





ABNORMALITIES OF PLATELETS 
AND COAGULATION 





E The effects of exercise, particularly endurance activities, 


seem to have a net neutral effect on platelets and coagula- 
tion. Athletes manifesting petechiae, unusual bruising, or 
bleeding problems should undergo prompt investigation 
for causes of these disorders. Longstanding history of mild 
prolonged bleeding, slow clotting, or bruising problems 
may indicate von Willebrand disease or mild factor VIII or 
IX deficiency. Some medications such as aspirin-containing 
compounds, often a component in analgesics, directly or 
indirectly impair platelet or clotting activity. Disseminated 
intravascular coagulation (DIC) may be induced by autoim- 
mune disorders, infections, certain drugs, toxins, malignan- 
cies, and other conditions, resulting in thrombocytopenia 
ranging from mild to severe. Diets deficient in green veg- 
etables may manifest coagulopathy because of impairment 
of vitamin K-dependent factors (38). 
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E Evaluation of platelet and coagulation disorders focuses on 
assessment for causative conditions as listed earlier. Labo- 
ratory assessment should start with a CBC with peripheral 
smear looking for abnormalities in all hematologic cell lines. 
Coagulation studies (prothrombin time [PT], partial throm- 
boplastin time [PTT], and international normalized ratio 
[INR]) should be conducted as well. If the clinical picture 
suggests DIC (low platelets, fragmented RBCs, and pro- 
longed coagulation times), confirmatory testing to include 
fibrinogen, fibrin split products, and D-dimer should be 
added (38). 

E Thrombocytosis is often a transient condition, typically a 
manifestation of an acute response to physiologic stress. 
Transient isolated thrombocytosis is rarely of significance. 
Persistent thrombocytosis should prompt investigation for 
infection, inflammatory disorders, malignancies, or other 
hyperproliferative disorders (e.g., polycythemia vera, myelo- 
proliferative diseases) (27). 





OTHER DISORDERS CAUSING ANEMIA/ 
CELL LINE ABNORMALITIES 





E Anemia and other cell line abnormalities may result from sev- 
eral other conditions, such as inherited disorders (e.g., thalas- 
semia), or as a consequence of various disease processes. These 
may manifest in the form of accelerated cell destruction or he- 
molysis or through impaired erythropoiesis. Details regarding 
diagnosis and evaluation of these conditions may be found in 
hematology reference books (1,26). 





EXERTIONAL RHABDOMYOLYSIS 





E Rhabdomyolysis is a condition of skeletal muscle breakdown 
with release of myocyte contents into the circulation. Exer- 
tional rhabdomyolysis is the term applied to rhabdomyolysis 
precipitated by exercise or exertion. It is most frequently seen 
in running or prolonged exertion activity, particularly in set- 
tings of accelerated physical training. Often, it occurs with 
exertional heat illness (3,16,17,39). Biochemically, muscle 
injury causes a release of myoglobin and muscle enzymes — 
creatine phosphokinase (CPK), LDH, and transaminases. 
Severe states with a large volume of muscle damage typically 
cause electrolyte disturbances (potassium, phosphate, and 
calcium) plus extracellular fluid shifts into injured tissues. 
Various extrinsic and intrinsic factors may enhance suscep- 
tibility to rhabdomyolysis. (3,16,17,39). These include the 
following: 

E Drug or toxin exposure (e.g., stimulants, antihistamines, 
alcohol, ephedra, and statin drugs) 

E Infection 

E Heat stroke 


E Dehydration 


E Excessive muscle overload activities (especially eccentric 
loading) 
E Genetic muscle diseases/enzyme deficiencies 
E Metabolic diseases or disorders (diabetes, thyroid disease, 
chronic electrolyte disorders, or acidosis) 
E SCT 
E Autoimmune disorders (e.g., polymyositis) 
E Deconditioned state (especially with rapidly accelerated 
physical training) 
Exertional rhabdomyolysis is a spectrum condition. Mani- 
festations range from mild muscle injury with negligible 
symptoms or systemic effects to fulminate cases with large 
muscle mass injury, severe metabolic derangements, DIC, 
and death (3,16,17,39). Myoglobin release may cause neph- 
rotoxicity, but occurrence may not directly correlate with 
degree of muscle enzyme elevation or severity of metabolic 
disturbance. Severity of rhabdomyolysis is gauged initially 
by magnitude of symptoms and early perturbations of 
blood chemistries. Collapse short of a finish line, severe 
pain with inability to walk, and early sustained acidosis 
are ominous indicators. Alternately, symptoms may start 
off relatively mild but progressively worsen in subsequent 
hours or days. Muscle enzyme levels following insult may 
be deceptively low early on but subsequently rise and peak 
1-3 days after the injury (if there is no persistent or recur- 
rent muscle insult). 
Management of rhabdomyolysis requires a high index of 
suspicion to allow for early recognition, initiation of inter- 
ventions appropriate to degree of injury, and monitoring for 
progression. Initial laboratory studies should include basic 
electrolyte panel including creatinine (Cr), CPK, transami- 
nases, LDH, uric acid, CBC, and urinalysis with microscopy. 
In more severe cases, calcium, phosphate, PT, PTT, fibrino- 
gen, and fibrin split products should be added (17). 
Urinalysis demonstrating positive Hb with no RBCs is 
used to infer presence of myoglobinuria because results of 
myoglobin tests in most settings are not available quickly 
enough to be of value in acute management (3,17,33). 
Muddy casts indicate heavy myoglobin load and likely renal 
toxicity (39). 





MILD RHABDOMYOLYSIS 





Mild muscle soreness that typically resolves within 1-2 days; 
otherwise no complaints. 

On examination, patient has mild soreness to palpation and 
minimal to no soreness with passive muscle stretch. 
Laboratory studies reveal isolated CPK elevation (generally 
< 3,000 mg - L~ but may be up to 5,000 mg - L~’); transam- 
inases may peak slightly above normal in 1-2 days (generally 
less than 3 times normal values). 

Treat with oral hydration and avoidance of strenuous exer- 
tion for 1-2 days. 


ŒE Monitor for escalation or recurrence of symptoms; educate 


patient regarding preventive measures. 


E Patient may return to activity the next day after becoming 


asymptomatic and after laboratory studies improved. 





MODERATE RHABDOMYOLYSIS 





Symptoms of moderate muscle soreness or stiffness. 


On examination, patient has moderate muscle soreness to 
palpation with pain toward extremes of passive stretch. 


Moderate elevation of CPK in first few hours with mild in- 
crease in Cr (1.5-2 mg - L”'), LDH, aspartate aminotrans- 
ferase (AST), and alanine aminotransferase (ALT) (3 times 
normal or more) several hours to 1 day after injury, with 
CPK peak typically < 30,000 mg - L™'; uric acid and electro- 
lyte studies remain normal. 

Initial treatment is 2 L of intravenous (IV) isotonic fluids 

and assessment of response (symptoms and studies): 

E No worsening of symptoms and laboratory studies im- 
proved: oral hydration and reevaluate in 12-24 hours. 

E Symptoms improved but laboratory studies little changed: 
Assess need for further hydration; reassess every 4—6 hours 
until laboratory studies improve or refer for hospitaliza- 
tion if studies worsen or do not improve. 

E Symptoms not improving and laboratory studies ris- 
ing: Refer to hospital for continued IV hydration and 
monitoring (watch for progression to severe or fulmi- 
nant state). 

E If urine is positive for myoglobin or strongly positive for 
hemoglobin on urine dipstick testing, and not improving, 
continuous IV fluid therapy is needed (typically in hospital) 
for treatment of myoglobinuria. 


SEVERE RHABDOMYOLYSIS 





Severe rhabdomyolysis has marked muscle soreness and pain 

with any muscle activity. 

Examination reveals tight muscles that are painful to palpa- 

tion and limited passive stretch. 

Laboratory studies reveal transient acidosis, elevated uric 

acid, and minor electrolyte alterations that resolve with 

hydration; Cr is elevated typically > 2 mg - L™'; and CPK 

progressively rises well above 30,000 mg - L~'; LDH, AST, 

and ALT progressively rise, peaking above 3 times normal at 

2-3 days after insult. 

Treatment is IV fluids (2 L bolus); arrange for continued IV 

fluid therapy (150-200 cc - h7'). Repeat laboratory studies 

after fluid bolus and then again after next 3—4 hours of IV 

fluid therapy. 

E Symptoms and laboratory studies improved: oral hydra- 
tion and evaluate response over next 12—24 hours. 
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E Symptoms improved but laboratory studies little changed: 
Assess adequacy of hydration and need for additional mea- 
sures (e.g., compartment pressure testing); reassess every 
4-6 hours. 

E Symptoms not improving and laboratory studies rising: 
Transfer to intensive care unit (ICU) addressing comor- 
bid issues of electrolyte disturbances, myoglobinuria, and 
compartment syndrome. 

E If urine is positive for myoglobin or strongly positive for 
hemoglobin on urine dipstick testing, and not improving, 
continuous IV fluid therapy is needed at 150-200 cc - h! 
for treatment of myoglobinuria. 

E In subacute setting (presenting days after injury), if symptoms 
and labs are stable or improving, condition may be managed 
as moderate rhabdomyolysis with particular assessment for 
renal injury and exclusion of myoglobinuria. 





FULMINANT RHABDOMYOLYSIS 





E Patient often presents with collapse and sometimes with 
early to delayed obtundation. Extreme muscle tightness and 
pain with weakness and extreme difficulty moving involved 
muscle(s). 

E Often associated with findings typical of heat stroke, shock, 
and dehydration (16). 

Œ May manifest as progressively escalating symptoms refrac- 
tory to less aggressive interventions. 

E On examination, involved muscles are tense, very tender, and 
extremely painful to any passive stretch. 

E Initial laboratory studies collected near time of collapse typi- 
cally manifest acidosis, hypokalemia, hypocalcemia, elevated 
uric acid, and/or decreased phosphate. Initial CPK levels may 
be deceptively low. In subsequent hours, serum chemistries 
manifest persistent acidosis with a shift to hyperkalemia, 
hypercalcemia, and hyperphosphatemia with rapidly rising 
CPK, LDH, AST, and ALT (39). 

E ‘Treatment necessitates cardiac monitoring for dysrhythmias 
in setting with advance life support capability, aggressive IV 
fluid hydration, and transfer to ICU for management of the 
metabolic derangements (3,8). 

E Consult orthopedic surgeon for fasciotomy evaluation. Mild 
to moderate increased compartment pressures perpetuate 
muscle necrosis and condition improves with early fasciot- 
omy of involved muscle areas (21,40). 





RHABDOMYOLYSIS OF AN ISOLATED 
MUSCLE OR MUSCLE GROUP 





E Typically occurs with excessive overload in weightlifting or 
excessive repetition of a calisthenic exercise. 


E CPK levels may become elevated into the tens of thousands. 
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H Typically this is self-limited, rarely manifesting systemic ef- 
fects beyond the involved muscle, although sometimes myo- 
globinuria may be significant enough to require treatment. 





RHABDOMYOLYSIS FOLLOW-UP 


E Healthy individuals with uncomplicated mild to moderate 
rhabdomyolysis may return to activity in a graduated manner 
after resolution of symptoms and 3 consecutive days of de- 
cline in muscle enzymes (particularly transaminases) below 
50% of peak value or level back to near normal. Graduation 
of activity should be limited by fatigue or provocation of 
soreness or tightness in affected muscles. Recurrent bouts of 
rhabdomyolysis and any severe or fulminant episodes war- 
rant investigation for an underlying disease process, muscle 
enzyme deficiencies, or underlying myopathy (16,17,20). 





CONCLUSION 





Œ With the exception of athletic pseudoanemia, it is uncommon 
to encounter significant persistent hematologic alterations 
from exercise. Although high intensity and prolonged endu- 
rance training may result in alterations of several hematologic 
parameters and occasional lysis of RBCs, rarely are these of 
pathologic significance. However, signs and symptoms of he- 
matologic disease may manifest at an earlier state in the ath- 
lete because of physiologic demands that require maximal 
hematologic system performance. 

E The condition of exertional rhabdomyolysis may occasion- 
ally manifest in athletes advancing training too rapidly but 
may also appear in a conditioned athlete in association with 
underlying disease states or as a consequence of severe over- 
exertion or exertional heat illness. Identification and early 
treatment of those with myoglobin release or severe myocyte 
injury are crucial to preclude serious complications. 
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Joel Shaw 
INTRODUCTION CONCUSSION EVALUATION 
E Concussion is a common injury seen by sports medicine Sig ns and Symptoms 
physicians and is often a difficult scenario due to the athlete’s ; i : ; 
E In evaluating a patient with presumed concussion, the 


desire to return to play, coaches’ desire to have their athletes 
available, and the social pressure of parents and media. Due 
to the potential sequelae of injury, it is important to under- 
stand how to evaluate the patient initially looking for poten- 
tially dangerous symptoms and to be comfortable in how to 
safely return an athlete to sports. 

Due to the frequency of headaches in athletes and the gen- 
eral population and the potential to limit activity, it is im- 
portant to understand how to diagnose the type of headache 
and how to treat each type to enable an athlete to return to 
activity. 

The history of limiting athletes with epilepsy from partici- 
pation has led to many unwanted effects, including obesity 
and its health effects, social isolation, depression, and anxi- 
ety. It is important for the long-term health of patients with 
epilepsy to increase their ability to participate in sports. 





CONCUSSIONS 





Definition 


Concussion is defined as a complex pathophysiologic pro- 
cess affecting the brain, induced by traumatic biomechanical 
forces. Concussion can be caused either by a direct blow to 
the head and face or by transmitted forces from contact to 
another part of the body. This usually results in a rapid onset 
of impairment that resolves spontaneously. 

The symptoms are primarily caused by a functional dis- 
turbance in the brain without structural damage. In most 
patients, the symptoms resolve in a sequential pattern, 
although in rare cases, the postconcussion symptoms may be 
prolonged. 

Concussions do not result in changes on typical neuroimag- 
ing studies. As originally discussed in the Prague guidelines, 
the majority of concussions (80%-90%) resolve quickly 
(7-10 days), with a possible extended resolution period in 
children and adolescents (21). 
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medical evaluation should include an extensive injury his- 
tory, clinical symptoms, physical signs, behavior, balance, 
and cognition. Symptoms may include but are not limit- 
ed to headache, a sensation of fogginess, drowsiness, and 
lability. 

Physical signs include amnesia and possible loss of con- 
sciousness (LOC). Cognitive impairment may include slowed 
reaction times, irritability, anxiety, or depressed mood. It is 
important to remember that, in some cases, the symptoms 
may not appear until several hours after the injury. 


Sideline Evaluation 


When a patient shows any potential features of a concus- 
sion, the athlete should initially be evaluated by emergen- 
cy procedures including the ABCs (airway, breathing, and 
circulation) of emergency care, with a special emphasis on 
evaluating for a possible cervical spine injury. The disposi- 
tion based on emergency protocol should be determined 
by the treating health care provider. A stable patient should 
next be evaluated by a sideline tool designed for concussion 
evaluation, such as the Sports Concussion Assessment Tool 
(SCAT2). After diagnosis of a concussion, a player should 
not be left alone, with serial monitoring for several hours 
after the injury. Based on the Zurich consensus, an athlete 
should not be allowed to return to competition on the same 
day as the injury (22). 

One essential part of sideline evaluation is testing of cog- 
nitive function. Standard orientation questions (e.g., time, 
place, and person) have been shown to be ineffective in side- 
line evaluations compared to memory assessment (19). 
Brief tests for attention and memory function have been 
shown to be effective, including the Maddocks questions 
(19) and the Standardized Assessment of Concussion (SAC) 
(20). These tests are effective for rapid sideline evaluation, 
but in questions of more subtle, persistent changes, they are 
not able to replace the effectiveness of comprehensive neuro- 
psychological testing. 


Advanced Outpatient Testing 


The use of neuroimaging studies is still not effective for the 
standard evaluation of concussions. Brain computed to- 
mography (CT) and magnetic resonance imaging (MRI) 
are normal in concussive injuries but should still continue 
to be used when there are symptoms suspicious for possible 
intracerebral structural lesions. These situations include 
prolonged disturbance in consciousness, focal neurologic 
deficits, or worsening symptoms. 

Newer studies, including perfusion and diffusion MRIs, 
functional MRI, positron emission tomography, and mag- 
netic resonance spectroscopy, show some future promise but 
are still limited by minimal published studies and inability to 
compare to preinjury imaging. 

Objective balance assessment can provide additional infor- 
mation in concussed patients. Studies consistently show, 
whether by sophisticated force plate testing or clinical 
balance tests, that postural stability deficits persist for about 
72 hours. These tests are useful tools to evaluate the motor 
portion of neurologic function. 

Neuropsychological testing (NP) gives critical information 
that can be valuable in concussion evaluation and recovery. 
In some cases, cognitive recovery and symptom recovery fol- 
low the same pattern, but studies have demonstrated that 
frequently cognitive recovery lags behind symptom recovery. 
In these cases, NP testing would be beneficial in determining 
which patients are not fully recovered functionally. It is impor- 
tant to recognize that NP assessment should not be used sin- 
gularly to make return-to-play decisions, but that it is effective 
as an addition to clinical decision making. Based on the data 
from several studies, NP testing is best used in return-to-play 
decisions after the patient is asymptomatic (4). 


Concussion Management 


The main tenet of treatment for concussion is physical and 
cognitive rest. Complete rest should be encouraged until the 
symptoms have completely resolved. This includes all physi- 
cal activity and any activities that involve concentration and 
attention, including school work, videogames, and texting. 
All these activities have the potential to exacerbate symp- 
toms and delay recovery. With complete rest, the majority of 
symptoms will resolve spontaneously within several days. 


When symptoms have resolved, the next step is a gradual 
return to activity. A graduated return-to-play protocol is 
listed in Table 36.1. The athlete needs to remain asymptom- 
atic to continue along the stepwise progression. Each stage 
should last for 24 hours. If any postconcussion symptoms 
develop, the patient should return to the previous asymp- 
tomatic stage. The Zurich committee discussed the possibil- 
ity of some high-level athletes returning on the day of injury. 
This should only occur in a small population, described as 
adult athletes in a setting with team physicians experi- 
enced in concussion management and access to immediate 
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Table 36.1 | Return-To-Play Protocol 


Rehabilitation Stage 


Functional Exercise 





1 
2 


6 


. No activity Complete physical and cognitive rest 


. Light aerobic exercise Walking, swimming, or stationary 
cycling keeping intensity < 70% 
maximum predicted heart rate; no 


resistance training 


. Sport-specific exercise Skating drills in ice hockey, running 
drills in soccer; no head impact 


activities 


. Noncontact training drills Progression to more complex training 
drills, e.g., passing drills in football 
and ice hockey; may start progressive 


resistance training 


. Full-contact practice Following medical clearance, partici- 


pate in normal training activities 


. Return to play Normal game play 





neurocognitive assessment. This is based on a National Foot- 
ball League (NFL) study showing safe same-day return in 
some NFL athletes (27). This does not include high school 
or college-age athletes, because multiple studies have shown 
that athletes in this age group often continue to show NP 
deficits despite being asymptomatic on the sidelines and are 
more likely to have delayed onset of symptoms (6,7). 

There are several factors that should cause the physician to 
consider a more deliberate approach to return to play. One 
controversial factor is LOC. Although prior guidelines that 
were primarily based on presence or absence of LOC have 
been shown to be less helpful, LOC is still an importance in- 
dicator of severity. If LOC lasts greater than a minute, that 
is an indicator of a more severe concussion that will likely 
require longer recovery time. Presence of amnesia is still dif- 
ficult to interpret but may correlate with prolonged recovery. 
Athletes with multiple concussions should be given more 
time to recover. Athletes with repeated concussions occur- 
ring with progressively less impact are likely to require a lon- 
ger period of recovery. 


Several populations require a more vigilant approach to 
provide effective care. Child and adolescent athletes tend to 
recover at a slower pace, with a more deliberate resolution 
of symptoms and return to baseline cognition. The Zurich 
guidelines were determined to be applicable to athletes 
10 years and older. In younger athletes, the symptoms are 
often interpreted and described differently. It is often helpful 
to seek input from parents and teachers about concussion 
effects. It remains important for young athletes to be com- 
pletely symptom free prior to return to sport, and this often 
takes a longer period in the developing brain. Cognitive rest 
is an important emphasis in this age group with the frequent 
use of computers, videogames, and texting. Students may 
also benefit from time off from school, studies, and school 
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activities. Due to the prolonged recovery, in many cases, it 
is beneficial to extend the length of asymptomatic time un- 
til return to sport or to extend the length of each stage of 
the return-to-play plan. Although females are more prone to 
concussion, the experts at the Zurich conference determined 
that there is no need to adjust the evaluation and treatment 
of female athletes. 


Second impact syndrome is one reason for the graduated re- 
turn to play. This occurs in an athlete who returns to contact 
before resolution of the symptoms and physiologic changes 
associated with concussion. A second traumatic event re- 
sults in loss of cerebral vasomotor control. This results in 
uncontrollable cerebral edema and increasing intracranial 
volume and pressure. This often leads to neurologic collapse 
and death. 


Postconcussion Syndrome 


E Postconcussion syndrome is a poorly defined entity. It can 


be defined as persistence of cognitive, physical, or emo- 
tional symptoms of concussion lasting longer than what 
is normally expected. The time frame is not well defined 
but usually refers to symptoms lasting more than a couple 
weeks. The cause of persistent symptoms is controversial, 
but appears to be a combination of psychogenic and physi- 
ologic changes. The condition is a clinical diagnosis made by 
an intensive history with minimal changes on physical exam 
and no benefit of current imaging techniques. 


There are several symptoms and historical factors that cor- 
relate with increased likelihood of persistent symptoms. 
Amnesia is connected with risk of symptoms lasting past 
5 days but not necessarily for longer periods (8). Migraine 
symptoms (17) and noise sensitivity (11) are connected with 
increased risk of prolonged symptoms. Several studies show 
that athletes with several previous concussions are more 
likely to develop postconcussion syndrome (7,24). The pre- 
existence of psychiatric issues also appears to correlate with 
prolonged symptoms. 


The effect of previous concussions has been well document- 
ed. One study confirmed significant increase in cognitive 
deficits in professional football players with previous his- 
tory of at least 3 concussions (15). Other studies have shown 
similar results in younger athletes with cumulative effects 
from less violent hits. Athletes with prior concussions re- 
quire longer recovery time and are at increased risk for fu- 
ture head injuries. 


The symptoms include the typical cognitive and physical 
symptoms of concussion, but especially headache, distract- 
ibility, and poor concentration. Other common symptoms 
include depression, anxiety, personality changes, irritability, 
and apathy. 

Treatment of postconcussion syndrome is controversial. 
There are several options to try for the cognitive deficits. 
Dopaminergic agents, including amantadine, levodopa, 
and bromocriptine, have some evidence supporting their 


beneficial effect on cognitive deficits. Due to the similari- 
ties with Alzheimer disease, there has been an effort to treat 
cholinergic dysfunction with physostigmine and donepe- 
zil with some effect. The mood disorders associated with 
this syndrome are best treated with psychiatric counseling. 
Selective serotonin reuptake inhibitors (SSRIs) and buspi- 
rone are effective in treatment of mood disorders, including 
anxiety and depression. Trazodone is beneficial for the asso- 
ciated sleep disturbances. Benzodiazepines and antipsychot- 
ics should be avoided because they may exacerbate cognitive 
changes. 





HEADACHES 





Classification 


E Classification of exercise-associated headaches is difficult 
due to minimal studies related to exercise-associated head- 
aches. The International Headache Society groups exertional 
headaches in the category of “miscellaneous headaches un- 
associated with structural lesion.” In evaluating the athlete, 
especially on the sideline, it is most important to initially tri- 
age the patient to an appropriate treatment plan. 

E The first responsibility is to determine the severity of the 
headache. Severe headaches require immediate in-depth 
evaluation and treatment. Neurologic symptoms require a 
more intensive initial evaluation. An athlete who describes a 
“thunderclap headache” should be taken seriously. An athlete 
with a traumatic headache that is rapidly increasing in sever- 
ity or associated with neurologic symptoms should be evalu- 
ated with further imaging to look for cerebral hemorrhage 
or infarct. Neurologic symptoms that should be evaluated 
further include mental status changes, nausea, vomiting, 
increased neck stiffness, or focal neurologic findings. It is 
important to look for these abnormalities because one study 
found that 10% of patients with exertional headache had an 
organic lesion as the cause of headache. 


E Exertional headaches are the most common type of headache 
in athletes. These headaches are often preceded by prodro- 
mal migraine symptoms. These symptoms may include sco- 
tomata, photopsia, vertigo, aphasia, ataxia, or paresthesias. 
The auras usually occur 10-20 minutes prior to the headache 
and cease prior to the headache. Generally, the headache is bi- 
lateral and throbbing in nature. It will last between 5 minutes 
and 24 hours. It usually occurs with high-intensity exertion. 
The associated increased intracranial pressure appears to be 
the cause. According to one study, patients who suffer from 
recurrent headaches are more likely to have myofascial trig- 
ger points and postural abnormalities associated with cervi- 
cal and thoracic dysfunction. It is important to remember to 
treat the associated musculoskeletal abnormalities that may 
lead to recurrent headaches. 


E Weightlifter’s headache is one type of exertional headache. 
It most commonly occurs during power lifting or maximal 


lifts. The presumed mechanism is breath holding during 
lifting associated with Valsalva maneuver. The increase in 
intracranial pressure leads to headache in the posterior oc- 
cipital region. The headache begins as sharp and intense, 
often incapacitating. Symptoms often last at least several 
days, lasting longer than the other benign headaches. If these 
headaches become more severe or recurrent, then further 
evaluation looking for Arnold-Chiari malformation or an- 
eurysm becomes necessary. 


Effort headaches occur in endurance activities, such as long- 
distance running or triathlons. The headaches tend to be 
similar to migraines, often unilateral with associated nausea, 
vomiting, and visual aura. Beside endurance, these head- 
aches appear to occur in relation to heat, humidity, altitude, 
dehydration, or poor nutrition. The best treatment for this 
type of headache is preventative, including hydration, proper 
conditioning, and avoidance of altitude changes. 


Treatment 


E ‘Treatment of migraines should be multifactorial. In order to 


most effectively treat migraines, it is important to have an 
accurate diagnosis. There are three main stages of treatment 
to include prevention, acute treatment, and in some cases 
prevention. 


Prevention is the most effective form of treatment. A healthy 
lifestyle is essential to limit headaches, including a healthy, 
well-balanced diet, adequate sleep (8 hours a day), and good 
hydration. According to several studies, the use of ribofla- 
vin 200 mg twice a day and magnesium citrate 200 mg twice 
a day is beneficial. The riboflavin improves mitochondrial 
energy and the magnesium decreases neurologic hyperexcit- 
ability. Proper warm-up and breathing techniques will help 
to limit the effects of breath holding and Valsalva maneuver. 


E Acute treatment of headaches is most commonly treated with 


typical nonsteroidal anti-inflammatory drugs (NSAIDs), 
including ibuprofen and naproxen. When the pattern is 
more typical of migraines, 5-hydroxytryptamine blockers, 
such as sumatriptan or ergotamines, are effective. Prophylac- 
tic treatment may include medications such as indomethacin 
or other NSAIDs, amitriptyline, and SSRIs. For difficult-to- 
manage patients, several alternative treatments have been 
shown to be effective. Botulinum toxin type A is effective and 
safe as prophylaxis for chronic headaches (3). A randomized 
controlled trial showed that acupuncture improves quality of 
life and decreases headache pain (5). 
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for a long period supported the exclusion of these patients 
and have only recently made some progress in allowing par- 
ticipation. Until 1974, organizations such as the American 
Medical Association (AMA) and the American Academy of 
Pediatrics (AAP) recommended significant restrictions in 
activity due to fear of injury and induction of seizure activ- 
ity. Articles published in 1973 argued both for and against 
participation for epileptic patients (18,23). This discussion 
led to a change in the recommendations of the AMA in 1974 
allowing participation in contact sports in some cases to as- 
sist in adjustment to school, social interactions, and the di- 
agnosis of seizure disorder (9). In 1983, the AAP adjusted 
their recommendation to allow participation in most sports, 
including contact sports, as long as seizures were adequately 
controlled and supervision was available. 

Epilepsy is present in 1%—2% of the population. Seventy-five 
percent of these patients have their first seizure by the age of 
20 (10), and 30%-—40% of patients who have an initial seizure 
will have a recurrent episode and then are likely to have re- 
petitive episodes in the future. Despite this frequency, based 
on a study in 1997, 80% of patients are well controlled on 
2 or fewer antiepileptic medications (2). This should reas- 
sure patients and physicians that these patients would ben- 
efit from exercise. Multiple studies confirm the connection 
of decreased exercise and activity in epileptic patients with 
decreased self-esteem, increased anxiety and depression, and 
diseases associated with poor physical fitness, such as obesity, 
heart disease, and diabetes. For this reason, the psychosocial 
and psychological benefits of physical activity should be used 
to encourage patients with well-controlled epilepsy to be in- 
volved frequently in physical activity, athletics, and exercise. 


Classification 


E Partial seizures are localized to 1 area of the brain with 


activation of a smaller number of neurons. Partial seizures 
are further classified as simple or complex in reference to the 
effect on consciousness. Seizures with no LOC are termed 
partial seizures but may include motor, sensory, or autonom- 
ic symptoms. Seizures associated with altered consciousness, 
which may include diminished responsiveness, staring, lip 
smacking, and repetitive swallowing, are termed complex 
seizures. 


Generalized seizures are seizures associated with bilateral 
discharges on electroencephalography (EEG) and involve 
the entire cortex. Generalized seizures can be either convul- 
sive or nonconvulsive. Nonconvulsive generalized seizures 
include absence and myoclonic seizures. 


EPILEPSY 





Risks of Participation 


H There is a long history of controversy involving epileptic pa- E It is important for patients and physicians to understand the 


tients and their safety to participate in athletics and exercise. 
For the past several decades, the concerns of parents, admin- 
istrators, and coaches have led to restrictions on athletic in- 
volvement for epileptic patients. Medical recommendations 


things that may make participation in sports dangerous or 
unsafe. First, we need to understand factors that may pre- 
cipitate seizures. These may include fatigue, emotional stress, 
fever, hormonal changes of the menstrual cycle, alcohol, 
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caffeine, heat, humidity, and sleep deprivation. These factors 
vary depending on the patient and should be individualized. 
There are rare cases when exercise may be a trigger for a spe- 
cific patient. In 2 separate studies, only 1%-2% of patients 
had identified exercise as a trigger for seizure activity (13,26). 
Hypoglycemia and hyponatremia are also common abnor- 
malities that may lower the seizure threshold. The concern 
for an increased risk of injury with sports participation is 
unfounded in most sports (1), although there are certain ac- 
tivities that are connected with higher risk and will be dis- 
cussed in a later section. 


Benefits of Exercise 


E As stated before, epileptic patients have a higher rate of obe- 


sity, body mass index, and body fat ratio (28). To counter- 
act this medical risk, according to a study by Eriksen et al. 
(12), an active exercise program decreased cholesterol levels 
and increased aerobic performance. This same study showed 
that a regular exercise program reduces sleep problems and 
fatigue, improves psychosocial functioning, and increases 
sense of well-being. There are multiple studies, including the 
study by Eriksen et al., that show decreased seizure risk in 
patients who follow a regular exercise program. Two studies 
showed improved EEG results, including a decrease in oc- 
currence of epileptiform discharge, normalization of EEG 
changes, and lowering of the seizure threshold (14,25). 
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the AMA and AAP, there should be no restrictions for well- 
controlled epileptics to participate in football, hockey, rugby, 
soccer, basketball, or baseball. Boxing is the only collision 
sport without specific recommendations by the AMA, AAP, 
or the American Academy of Neurology (AAN). In the case 
of boxing, because there are no studies or consensus state- 
ments to allow or restrict participation, the decision to allow 
participation should be done on an individual basis with full 
disclosure of potential risk to the patient. 


Swimming and Water Sports 


E Obviously, the main concern with swimming is the risk of 


drowning if a seizure occurs while in the water. One study 
showed a fourfold increase in the risk of drowning or near 
drowning from submersion in epileptic patients. The gen- 
eral consensus is that epileptic patients with good control 
of seizure activity may participate in water competition and 
swimming if there is direct visual supervision by someone 
adequately trained in rescue and resuscitation techniques. 
This should only be done in events with clear water. Obvi- 
ously patients with poor control and frequent seizures should 
be restricted from swimming. Scuba diving is much more re- 
stricted due to the risk of dislodging the regulator, the poor 
airway protection during an emergency rapid ascent increas- 
ing the risk of aspiration of “the bends,” and the potential for 
injury to the rescue partner. Any patient with poor control of 
seizures should not be allowed to dive, and even allowing the 
well-controlled epileptic to scuba dive should only happen 
after significant deliberation and consideration. 


Sports Participation 


. ee ee, fae Sports from Heights 
E Based on these benefits of athletic participation, it is impor- 


tant to support epileptic patient participation whenever pos- 
sible and safe. Because of the potential risk, it is important to 
do everything possible to make participation safe, including 
controlling risk when possible and using protective equip- 
ment when available. The first standard is to have adequate 
control of seizure activity prior to participation. There is no 
consensus or standard on what is adequate control of sei- 
zures. The most definitive statement is by the International 
League Against Epilepsy, which states that a patient con- 
trolled without a seizure for the past year should be cleared 
from most restrictions in activity (16). Other recommenda- 
tions for risk reduction include adequate rest, proper hydra- 
tion, and a well-balanced diet to decrease the risk of hypo- 
glycemia or other abnormalities that may lower the seizure 
threshold. It is also important to follow medication levels 
and restrict activity when the levels are not well controlled. 


H Sports in which a fall could cause serious injury require more 
serious consideration of seizure control and the benefit or 
participation for the athlete. Gymnastics requires appropriate 
planning and preparation for each individual. When seizures 
are well controlled, close observation and assistance by coaches 
and trainers are essential. In some cases, the use of safety har- 
nesses may be beneficial. Horseback riding and harnessed rock 
climbing may be possible with good seizure control and the as- 
sistance of a partner who can provide first aid and has the abil- 
ity to contact emergency personnel, as long as the patient has 
full understanding of the risks. Hang gliding, parachuting, and 
free climbing should not be recommended for any epileptic. 


Motor Sports 

E The risk of injury to the driver, other drivers, or spectators in 
motor sports due to the high speed and force of collision is 
severe. For this reason, any effort to reduce the frequency of 
accidents and the risk of severe injury is essential. The gener- 
al recommendation is that all epileptic patients should avoid 
participation in motor sports. 


Sports-Specific Participation 


Contact and Collision Sports 


E There are no recommendations or studies to support re- 
stricting the participation of epileptic patients in contact or 
collision sports. Any current restrictions in sports should 
be based only on risk to the athlete or other participants if 
a seizure occurs during the sporting activity. According to 


Medical Treatment of Epilepsy 


HB Medical treatment of epilepsy is difficult in the athletic pop- 
ulation due to the frequent side effects from these medica- 
tions that may affect the performance of athletes. We will 


discuss side effects of several medications that may impact 
athletic performance, but the main point is that each patient 
must be treated individually for better seizure control with 
reduction of side effects. 


E Gabapentin is well tolerated compared to most antiepi- 
leptic medications, with minimal side effects or drug in- 
teractions. 

E Lamotrigine has the potential to cause dizziness, move- 
ment disorders, sedation, and headaches. 

E Valproate is known to cause increased appetite, result- 
ing in weight gain and tremors. Sedation and cognitive 
impairment are much less common. 

E Carbamazepine may cause sedation, ataxia, nausea, and 
dizziness. 

E Phenytoin is known to result in sedation, depressed cog- 
nitive function, and depressed activity. 
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INTRODUCTION AND EPIDEMIOLOGY 


UPPER GI DISEASES 





E From a gastrointestinal (GI) perspective, long-distance 


runners have been the most scrutinized group, but recent 
studies have looked at the GI symptoms of long-distance 
walkers, cyclists, triathletes, and weightlifters. Upper and 
lower GI tract symptoms occur with equal prevalence in 
cyclists. Lower GI symptoms predominate nearly 2 to 1 
over upper GI symptoms in endurance runners. Whether 
running or riding, these same patterns also hold true in 
triathletes (24). In low-intensity long-distance walking, 
the overall occurrence of GI symptoms is much lower 
than in other sports studied. The most common symp- 
toms are flatulence and nausea, which occur at similar 
rates to those of the baseline population (only 5% of 
walkers) (25). 

Symptomatic gastroesophageal reflux is extremely common 
in athletes. Cyclists have the lowest esophageal acid exposure, 
followed closely by runners. Weightlifters have the highest 
rates of reflux. All groups have increased reflux when exercis- 
ing postprandially. Cyclists have a modest increase in reflux 
after eating, whereas weightlifters nearly double and runners 
triple their reflux (8). 

Peptic ulcer disease (PUD) is associated with the primary 
risk factors of Helicobacter pylori infection and nonsteroidal 
anti-inflammatory drug (NSAID) use. H. pylori is associated 
with 65%-95% of gastric ulcers and 75% of duodenal ulcers. 
The estimated risk of a clinically significant NSAID-induced 
event, including bleeding and perforation, is 1%—4% per 
year for nonselective NSAID. Either of these factors alone 
increases ulcer risk 20-fold. When both risk factors are pres- 
ent, an individual is 61 times more likely to develop ulcer 
disease (31). 

The primary lower GI condition of athletes is runner’s 
diarrhea, affecting up to 26% of marathon runners (14). 
Runner’s diarrhea is not typically associated with bleeding; 
however, studies in marathon runners showed that 20% of 
runners completing a marathon had occult blood in their 
stools, another 6% had bloody diarrhea, and 17% had frank 
hematochezia while in training (20). 
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Gastroesophageal Reflux Disease 


E The most common presenting complaints for gastroesophage- 


al reflux disease (GERD) are heartburn and acid regurgitation. 
The classic presentation is retrosternal burning, exacerbated 
by meals, intense workouts, and recumbency, with resolution 
on antacids. Symptoms are typically more common during 
initial training periods with improvement as the athlete be- 
comes more conditioned (22). Atypical symptoms include 
nausea, excessive salivation (water brash), bloating, and belch- 
ing (27). Extraintestinal complaints include sore throat, exer- 
tional dyspnea, cough, or wheezing (Table 37.1). 


GERD pathophysiology involves retrograde movement of 
gastric acid and the proteolytic enzyme pepsin, which causes 
irritation of the esophageal epithelium. Reflux alone is 
insufficient to explain why individuals become symptomatic 
because affected patients have reflux rates similar to healthy 
individuals (11). The critical factor in symptom develop- 
ment appears to be that the contact time between refluxed 
material and the epithelium is so excessive that the normal 
gastric contents overwhelm the epithelial protective mecha- 
nisms. Alternatively, symptoms may develop when normal 
contact time occurs in the face of insufficient protective 
mechanisms. 


Symptomatic reflux episodes during exercise are likely 
multifactorial but correlate best with transient lower 
esophageal sphincter relaxations (TLESRs). This vagally 
mediated reflex facilitates lower esophageal sphincter 
(LES) relaxation and gas venting in response to gaseous 
stomach distention. The decrease in LES tone and reflux 
associated with TLESRs last longer and are not accompa- 
nied by a swallow-induced peristaltic sweep, leading to 
prolonged acid exposure. Supine or forward-flexed posture 
during particular modes of exercise increases intra-ab- 
dominal pressure, overcoming the mechanical protection 
of the LES and negating bolus acid clearance achieved by 
gravity. Increasing exercise intensity is associated with in- 
creased reflux episodes and duration of acid exposure (28). 
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As exercise intensity increases, the frequency, duration, 
| Table 37.1 | GERD Symptom Patterns : : . 
and amplitude of esophageal contractions progressively 





Atypical Red Flag decrease. High-intensity exercise also reduces splanchnic 

Classic Symptoms Symptoms/Signs Symptoms blood flow, which may inhibit restoration of acid-base bal- 

Herbu Pulmonary Cenne ance and deprive the epithelium of the oxygen and nutri- 

symptoms ents needed for damage repair. 

Acid regurgitation Asthma Dysphagia E Ifthe history and physical raise red flags, symptoms are par- 

Nongaaetie Cina cow WEEMS ticularly severe, or the diagnosis is unclear, the athlete should 

Symptoms be referred for gastroenterology evaluation (Fig. 37.1). In pa- 

Nausea ENT Hemena tients with extraintestinal manifestations or atypical GERD 

' : symptoms, providers can consider an initial therapeutic trial. 

Dyspepaa Denial HOS ta Meiken If empiric therapy fails, it is important not only to consult 

Bloating Halitosis Odynophagia gastroenterology, but also the specialty that would evaluate 

Belching Lingual sensitivity Vomiting for extraintestinal complications (Fig. 37.2). 

Indigestion Chronic pharyngitis Early satiety E Behavioral and training interventions may improve symp- 

RE toms such as decreasing the intensity of training briefly, 
Hypersalivation/ Hoarseness ‘ ins : : 

se a stances then gradually increasing intensity as tolerated. Other inter- 

Glebus ventions include avoiding postprandial exercise or waiting 

Cardiac to exercise for at least 3 hours after a meal. Avoiding high- 

Atypical chest pain calorie meals and fatty foods prior to exercise may also help 





symptoms (22). 


ENT, ear, nose, and throat; GERD, gastroesophageal reflux disease. 


History and Physical Exam 


Red Flag Symptoms Classic Symptoms Atypical Symptoms/Signs 
Abnormal Physical Exam Nonspecific Symptoms 


Normal Physical Exam 








Intermittent or activity-related 
symptoms only 







GI Referral | Consider empiric therapy for GERD 


f z Assess cardiac risk factors 
Barium Swallow 
Empire therapyifor GERD Consider need for stress testing 


Upper endoscopy Poor l T 
response Consider need for subspecialist referral 












Good response 


Normal studies Esophagitis 
Diagnosis unclear Stricture 


Symptoms despite Barrett Trial of episodic treatment 
maintenance therapy Consider maintenance therapy 


Considering surgery 


Breakthrough symptoms 
on episodic treatment 


24-hour pH Monitoring with 


Symptom index Maintenance thera 
Esophageal manometry with py Poor Consider consult for fundoplication 


Bernstein test response | 9r radiofrequency procedure 


GI Consult if not already obtained 





FIGURE 37.1: Evaluation of gastroesophageal reflux disease (GERD). GI, gastrointestinal. Adapted with permission from 
O'Connor FG. Gastrointestinal problems in runners. In: O'Connor FG, Wilder R, editors. Textbook of Running Medicine. 1st ed. 
New York: McGraw-Hill; 2001. p. 307-314. 
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Maintenance PPI therapy 
Maintenance HRA therapy or consider episodic PPI** 
Pre-exercise/competition Antacids or H,RA* 


Lifestyle modifications 


Smoking cessation 
Elevate head of bed 4—8 inches 
Moderation of food/drink triggers 
Citric or tomato juices 
Chocolate 
Alcohol 
Coffee (both regular & decaf) 
Morphine Peppermint 
Progesterone Onions/garlic 
Theophylline Fats 


Review Medications 
Alpha Blockers 
Anticholinergics 
Barbiturates 
Beta-blockers 
Ca? Blockers 
Demerol 


Avoid exercise or recumbency 

within 3 hours of meals 
Avoid restrictive clothing 
Weight loss 


Valium 


*HoRA = histamine 2 receptor antagonist 





*“PPI = proton pump inhibitor 


FIGURE 37.2: Therapeutic pyramid for exercise-related gastroesophageal reflux disease. Adapted with permission 
from O'Connor FG. Gastrointestinal problems in runners. In: O'Connor FG, Wilder R, editors. Textbook of Running 


Medicine. 1st ed. New York: McGraw-Hill; 2001. p. 307-314. 


E Persistent symptoms despite behavioral interventions warrant 


medical therapy. Episodic complaints are treated with over-the- 
counter (OTC) antacids, as needed, or antireflux medication, 
such as histamine 2 receptor antagonists (H)RAs) or standard- 
dose proton pump inhibitors (PPIs) (22). This can be advanced 
to prescription-strength antireflux (H,RA or PPI) therapy if 
control is insufficient. Should symptoms continue after 6 weeks 
of HRA therapy, neither continuing therapy nor increasing the 
dose is likely to achieve control (13). It was previously common 
practice to consider add-on therapy to prescription-dose H,RA 
with a prokinetic agent to improve LES tone, gastric emptying, 
and peristalsis. These agents all have side effects that make them 
undesirable for use in athletes. Bethanechol has generalized cho- 
linergic effects. Metoclopramide has a high incidence of fatigue, 
restlessness, tremor, and tardive dyskinesia, making it a poor 
choice for anything more than sporadic use. Cisapride, formerly 
the prokinetic agent of choice, was found to be associated with 
arrhythmia development, especially with concomitant use of 
macrolides, imidazoles, or protease inhibitors (34). This discov- 
ery led to severe prescribing restrictions in the United States. 


In individuals who fail to respond to H,RAs, PPIs are the treat- 
ment of choice. PPIs provide more rapid relief of symptoms 
(2) and are more likely than H,RAs to heal and prevent recur- 
rence of erosive esophagitis (7). The agents in this class are 
equally efficacious in controlling heartburn and have similar 
healing and relapse rates (5). Because reported differences 
in initial bioavailability and antisecretory potency are not 
clinically significant with longstanding use, 1 PPI cannot be 
recommended over another (33). If the response to episodic 


treatment is generally favorable but symptoms are occurring 
on a more chronic basis, maintenance therapy is beneficial. 
Because their efficacy is dosedependent, PPI therapy can be 
stepped up to control symptoms. Failure to respond to high- 
dose PPI therapy requires gastroenterologist evaluation to rule 
out complications of GERD. In the absence of findings consis- 
tent with reflux disease, further GI testing will be necessary to 
confirm GERD and assess for other esophageal disorders. 


More invasive treatments are available for patients with an 
established diagnosis of GERD who respond poorly to PPIs, 
who are intolerant of medical therapy, or who desire a per- 
manent solution to potentially eliminate their need for med- 
ication. Laparoscopic antireflux surgery has been shown to 
provide a 96% improvement in primary symptoms and 96% 
long-term satisfaction rate; however, 2% of patients were 
worse after surgery and 14% still required medication (1). 
Other endoscopic therapies, including suturing, radiofre- 
quency ablation, injection therapy, and bulking therapy, are 
preformed in certain patient populations and are still being 
looked at in terms of long-term efficacy. 


Peptic Ulcer Disease 


E Epigastric pain is the hallmark of PUD. Both gastric and du- 


odenal ulcers typically present with deep burning or gnawing 
pain, sometimes with radiation to the back. Duodenal ulcer 
symptoms usually develop 2-3 hours after meals and are re- 
lieved with food or antacids. Gastric ulcer symptoms develop 
sooner after meals but are less consistently relieved with food 


or antacids. Food ingestion can actually precipitate gastric 
ulcer pain in some individuals. Most PUD patients have as- 
sociated anorexia and weight loss. Some patients, particular- 
ly with duodenal ulcers, experience hyperphagia and weight 
gain, presumably because of the mitigating effects of food. 
Not uncommonly, the initial presentation of PUD can be 
life-threatening upper GI hemorrhage or perforation (29). 
Peptic ulcers are erosions in the surface of the stomach or 
duodenum that extend down to the muscularis mucosa. 
H. pylori induces ulcers by both direct and indirect mecha- 
nisms. Bacterial phospholipases weaken the protective mu- 
cus barrier, allowing the toxic compounds created from its 
breakdown of urea to directly damage the epithelium. The 
same urease enzyme that promotes this direct cell damage 
acts as a potent antigenic stimulator of immune cells. By in- 
citing an exuberant host inflammatory response, H. pylori 
produces indirect epithelial damage as well (21). 

NSAID inhibition of prostaglandins affects multiple layers 
of the GI tract’s protective barrier. With increasing concen- 
tration, NSAIDs diminish mucosal blood flow and penetrate 
the epithelial cells, eventually leading to mitochondrial oxi- 
dative uncoupling and cell death (16). There are no stud- 
ies directly relating NSAID use to upper GI symptoms or 
bleeding specifically in athletes. Nevertheless, the increased 
mucosal permeability and decreased splanchnic blood flow 
that occurs with prolonged exercise may magnify the effects 
of H. pylori and the NSAIDs. 


Athletes should be questioned regarding any relationship of 
symptom onset with NSAID use. Laboratory analysis should 
assess for occult GI bleeding and anemia. If any alarm signs 
or symptoms are present or if an individual has new-onset 
dyspepsia after the age of 45 or has a family history of gastric 
cancer, early gastroenterology referral is recommended. 

If NSAID use is discovered, it should be discontinued if pos- 
sible. If analgesic therapy is crucial, replacing a nonselective 
NSAID with acetaminophen or a cyclooxygenase-2 (COX-2) 
inhibitor would be prudent. Upper GI safety and tolerability 
studies have shown that COX-2 inhibitors have a 46% lower 
rate of medication withdrawal for adverse events, a 71% low- 
er risk of ulcers on endoscopy, and a 39% lower incidence of 
symptoms because of ulcers, perforations, bleeding, or ob- 
struction compared to nonselective NSAIDs (9). 

If symptoms are not predominantly GERD related, there are 
no markers for severe disease, and medication-induced disease 
is eliminated, consensus recommendations support a “test and 
treat” approach in adults under the age of 55 with persistent 
dyspepsia that has not been worked up. These patients should 
have a noninvasive test for H. pylori infection. Urea breath anal- 
ysis is the favored test, with the stool antigen assay and whole 
blood or serum serology as alternatives. Those who are H. pylori 
negative should receive short-term H,RA or PPI therapy (4-6 
weeks). If they fail empiric antisecretory therapy or symptoms 
recur upon cessation of treatment, they should have endosco- 
py. Symptomatic individuals who test positive for H. pylori re- 
quire eradication therapy. Triple therapy with twice-daily PPI, 
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Regimens For Treatment of 


Helicobacter Pylori Infection 





Regimen Eradication Rate* 
PPI bid 





Amoxicillin 1,000 mg bid 96.4% 
Clarithromycin 500 mg bid 


PPI bid 


Bismuth subsalicylate 525 mg qid 85%-90% 
Tetracycline 500 mg qid 
Metronidazole 250 mg qid 


PPI bid 


Metronidazole 500 mg bid 89.8% 
Clarithromycin 500 mg bid 


PPI bid 


Amoxicillin 1,000 mg bid 79.0% 
Metronidazole 500 mg bid 





bid, twice a day; PPI, proton pump inhibitor; qid, four times a day. 

*All eradication rates are based on a 7-day regimen. Although European data suggest 
7 days are adequate; this has not been confirmed by U.S. studies. Thus, a full 14-day 
treatment course is recommended. 

SOURCE: O’Connor FG. Gastrointestinal problems in runners. In: O'Connor FG, 
Wilder R, editors. Textbook of Running Medicine. 1st ed. New York: McGraw-Hill; 
2001, p. 307-314; with permission. 


clarithromycin (500 mg twice daily), and amoxicillin (1,000 mg 
twice daily) should be used as first-line therapy (6). Metroni- 
dazole can be substituted for amoxicillin in penicillin-allergic 
patients. Subsequent second-line therapy should be with a PPI, 
bismuth, tetracycline, and metronidazole (Table 37.2). All pa- 
tients should be retested for evidence of a cure no sooner than 
4 weeks after therapy. The athlete should be off any antisecretory 
medication, especially PPIs, for a minimum of 1 week prior to 
retesting. Urea breath analysis is the posttreatment diagnostic 
test of choice. Stool antigen testing can be used if urea breath 
testing is unavailable. Individuals who fail second-line therapy 
and those with persistent dyspepsia should be referred to gas- 
troenterology for further evaluation (19). 





LOWER GI DISEASES 





Runner’s Diarrhea 


E Lower GI symptoms occur more frequently in endurance 
athletes and more frequently affect women than men (12). 
Runner’s diarrhea is a spectrum of exertional or immediately 
postexertional lower GI symptoms. Complaints range from 
abdominal cramping and fecal urgency to diarrhea and frank 
incontinence. Often, runner’s diarrhea occurs in associa- 
tion with increases in training mileage or with particularly 
strenuous training sessions and competitions. An individual 
may be able to endure an episode by transiently reducing 
their pace. When symptoms are more severe, it may be nec- 
essary to suspend their workout and quickly seek relief. 
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Œ While the true etiology of runner’s diarrhea remains un- 


known, several physiologic mechanisms have been proposed. 
Increased parasympathetic output during moderate exercise 
may intensify peristalsis, leading to cramping and rapid bowel 
transit. Alternatively, heightened sympathetic tone during 
more intense exercise could lead to increased bowel activity by 
increasing the release of hormones, such as gastrin and moti- 
lin (4). Strenuous exercise may lead to rapid shifts in intestinal 
fluid and electrolytes, causing colonic irritability (26). Anoth- 
er hypothesis is that the 70%-80% reduction in splanchnic 
blood flow with vigorous exercise may lead to an ischemic 
enteropathy. Poor tissue perfusion maintained over the length 
of the exercise session could cause mucosal ischemia, leading 
to fluid shifts and diarrhea. This theory could explain the high 
prevalence of GI bleeding in marathon runners (3). 


In addition to the basics, the history should document any 
recent travel, unusual food ingestion, or exposure to sick 
contacts to determine a potential infectious etiology. Diar- 
rhea not associated with training should prompt a more 
intensive investigation. A focused lab assessment includes 
fecal occult blood testing and a complete blood count to 
look for anemia. In the presence of severe diarrhea, serum 
electrolytes should be drawn. Liver enzymes and pancreatic 
enzymes can be considered. If the history is suggestive of an 
infectious process, the stool should be examined for leuko- 
cytes, ova, parasites, and stool cultures. 


Treatment starts with a temporary reduction in training in- 
tensity and duration for 1-2 weeks. In most cases, this alone 
is enough to abolish symptoms (10). During this time, cross- 
training with low-impact or nonimpact activities at a level that 
does not trigger symptoms can be used to maintain the ath- 
lete’s aerobic capacity. Any dietary or fluid replacement triggers 
should be eliminated. If a specific trigger is not identified, indi- 
viduals with ongoing symptoms may benefit from dietary ma- 
nipulation. A diet low in fiber can be helpful. Although not an 
adequate regimen for the control of chronic symptoms, some 
individuals may benefit from a complete liquid diet on the day 
prior to competition or scheduled intense exercise session. 
Once the diarrhea is under control, a full return to high- 
intensity exercise can be achieved by gradually increasing train- 
ing as symptoms tolerate. Antidiarrheal medication should be 
used sparingly and with great caution. Antispasmodics, such as 
loperamide, are generally safe; however, anticholinergic medi- 
cations, such as diphenoxylate with atropine (Lomotil), are to 
be avoided because of the increased heat injury risk secondary 
to their effect on sweating. Consult GI for unresolved symp- 
toms despite conservative therapy or for red flag symptoms. 


Abdominal Pain — “Side Stitch” 


E In the young, active population, abdominal pain with exer- 


tion is common. The conditions previously discussed not- 
withstanding, the “side stitch,” or exercise-related transient 
abdominal pain (ETAP), is the most common cause of this 
in athletes. Typically seen in runners, with 33% reporting 
abdominal pain, it presents as a somewhat pleuritic aching 
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sensation, usually in the right upper abdominal quadrant. Of 
the athletes who report experiencing ETAP, 90% will complain 
of pain described as sharp, stabbing, cramping, aching, or pull- 
ing (30,32). It is often seen in deconditioned individuals start- 
ing an exercise program but can also be observed in athletes 
intensifying their training. Exercise in the postprandial period 
is a frequent exacerbating factor. Side stitches usually stop im- 
mediately on ceasing exercise. As an individual gains aerobic 
fitness, the frequency and severity of attacks tend to subside. 


Although their true etiology remains elusive, they are most 


likely caused by hypoxia-induced diaphragmatic muscle 
spasm (23). Other potential etiologies include pleural irri- 
tation, hepatic capsule irritation, symptomatic abdominal 
adhesions, and right colonic gas pain (15). 

The management involves using the history to rule out not 
only the other GI diseases discussed in this chapter but also 
other exertional pain syndromes, especially angina. Fortunate- 
ly, other serious causes of abdominal pain with exercise, such 
as mesenteric ischemia, bowel infarction, omental infarction, 
and hepatic vein thrombosis, are rare; however, in the setting 
of unremitting pain, especially with signs of systemic illness or 
shock, these conditions need to be considered in the differen- 
tial and patients referred for potential surgical evaluation. 


E Athletes with the typical features of a side stitch should be 


reassured that this is a benign process and will get better as 
their conditioning improves. They should be advised against 
exercise immediately after eating. If an episode of pain does 
occur, temporarily stopping exercise, stretching the right 
arm over their head, and exhaling through pursed lips can 
help abort it quickly (29). 


Elevated Liver Enzymes 


E Liver enzyme elevations observed in otherwise asymptom- 


atic long-distance runners and other athletes are usually in- 
cidental findings. The suspected etiology is an ischemic in- 
sult secondary to reduced splanchnic blood flow and oxygen 
tension during vigorous exercise (17). Observed increases in 
alanine aminotransferase (ALT), aspartate aminotransferase 
(AST), alkaline phosphatase, creatinine phosphatase, and 
lactate dehydrogenase are confounded by the fact that these 
enzymes can be elevated in response to musculoskeletal in- 
jury. Hepatocellular injury can be confirmed by measuring 
glutamate dehydrogenase and y-glutamyltransferase (GGT), 
enzymes more specific to the liver (18). 

Because these asymptomatic enzyme abnormalities are of- 
ten discovered in the convalescent setting, the history and 
physical should focus on recent training sessions and envi- 
ronmental exposure, evaluating for evidence of a missed heat 
injury or episode of exertional rhabdomyolysis. The athlete 
should be questioned regarding any history of chronic liver 
disease or alcohol dependence and their medication list re- 
viewed for any potentially hepatotoxic agents. With the near- 
ly ubiquitous use of nutritional supplements, it is crucial to 
investigate this often overlooked area. 


The majority of athletes can be reassured that this is a benign 
process and the enzyme abnormalities usually revert to nor- 
mal within just 1 week after abstaining from exercise. The 
first step in the laboratory evaluation is to obtain a repeat liv- 
er enzyme panel after abstaining from NSAIDs, alcohol, and 
exercise for 1 week. If the liver enzymes are elevated at that 
time, they can be rechecked in 1 month. If the liver enzyme 
abnormalities persist on serial examinations, further evalu- 
ation should start with an iron panel, total iron-binding ca- 
pacity, and hepatitis serologies to look for viral hepatitis or 
hemochromatosis. Second-tier tests include antinuclear an- 
tibody titer, antismooth muscle antibody, ceruloplasmin, œ- 
antitrypsin, and serum protein electrophoresis, which would 
look for other causes for elevated aminotransferases, such as 
muscle disorders, Wilson disease, or thyroid disease. A right 
upper quadrant ultrasound is useful to evaluate for fatty 
liver, cholelithiasis, or other obstruction. GI referral should 
occur for abnormal lab testing, mildly elevated liver enzymes 
for over 6 months despite a negative evaluation, significant- 
ly elevated AST or ALT (> 150) without improvement for 
2 months, or signs of evolving hepatic insufficiency (18). 
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Pulmonary 


Carrie A. Jaworski 





INTRODUCTION 





Patients with pulmonary disorders can benefit greatly 
from exercise when their disease process is under proper 
control. 

Awareness of when and when not to participate and the abil- 
ity to use pharmacologic agents and environmental controls 
greatly enhance one’s ability to participate safely. 





ASTHMA 





Asthma is a chronic pulmonary disorder characterized by 
varying degrees of airflow obstruction, bronchial hyperre- 
sponsiveness, and underlying chronic inflammation (42). 
Approximately, 22 million adults and 6 million children in 
the United States have chronic asthma (42). 

The National Heart, Lung, and Blood Institute (NHL- 
BI) has set forth guidelines on the diagnosis and man- 
agement of asthma in an effort known as the National 
Asthma Education and Prevention Program (NAEPP). 
This program is evidence based and routinely updates 
its recommendations based on the newest research. 
The third edition was completed in 2007; the latest rec- 
ommendations can be found at the NHLBI Web site: 
http://www.nhlbi.nih.gov/ (21). 

While in the past, asthmatics were discouraged from exer- 
cise, today it is recognized that regular exercise can reduce 
airway reactivity and decrease medication use (8). Current 
data support this trend, with decreased numbers of asthmat- 
ics reporting limitations in their activity (5,42). 


Diagnosis of Asthma 


History or presence of episodic symptoms of airflow ob- 
struction, such as wheezing, chest tightness, shortness of 
breath, or cough. Absence of symptoms at time of examina- 
tion does not exclude diagnosis. 

Airflow obstruction needs to be at least partially revers- 
ible demonstrated through the use of spirometry. First, es- 
tablish airflow obstruction: forced expiratory volume in 
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1 second (FEV,) < 80% predicted and FEV,/forced vital 
capacity (FVC) ratio < 70% or below the lower limit of nor- 
mal. Then establish reversibility by an FEV, increase of = 
12% from baseline or = 10% of predicted FEV, after using a 
short-acting inhaled B,-agonist (41). 

Œ Must exclude other diagnoses, such as vocal cord dysfunc- 
tion, vascular rings, and reflux disease, if spirometry is 
normal. 


E Classification of asthma severity is based on history and spi- 
rometry (Table 38.1). 

ŒE Management should focus on patient education, environ- 
mental control, and objective monitoring. 

E Patient education: Patients and their families should un- 
derstand signs and symptoms of an asthma exacerbation, 
the chronicity of the disease, and potential triggers of an at- 
tack. A written plan should be reviewed, and instruction on 
proper use of inhaled medications and peak flow monitoring 
should be provided. 


E Environmental control: Avoidance of exposure to precipi- 
tating factors is paramount. Potential triggers include pollen, 
mold, ozone, exercise, and cold air. Athletes should exercise 
indoors on bad weather days or use measures, such as masks, 
to decrease chance of attack. Indoor swimming is considered 
an excellent option secondary to the warm, moist environ- 
ment at the pool. Some asthmatics are susceptible to aspirin 
and nonsteroidal anti-inflammatory drugs, so judicious use 
must be exercised (33). 

E Monitoring: Athletes need to be monitoring their peak flows 
on a daily basis to recognize decline in function, as well as 
response to treatment. Formal spirometry is recommended 
for initial diagnosis, after treatment and peak flows have sta- 
bilized, and then every 1-2 years when asthma is stable, or 
more often when unstable (42). 

E Pharmacologic therapy should be instituted to control in- 
flammation and treat episodes of bronchoconstriction. Use a 
stepwise approach to treatment as outlined in Table 38.2. 


Medication Classes 


The two main classes of asthma medications are long-term con- 
trol medications that are used to treat and control the persistent 
symptoms of asthma and short-acting agents that provide quick 
relief of symptom exacerbations. 


Table 38.1 | Severity Classification 


Components of Control 
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Classification of Asthma Control 
(Youth =12 years of age and adults) 





Well Controlled 


Not Well Controlled Very Poorly Controlled 





Impairment Symptoms = 2 days a week 
Nighttime awakening = 2X a month 
Interference with normal activity None 
Short-acting B,-agonist use for = 2 days a week 
symptom control (not prevention 
of EIB) 
FEV; or peak flow > 80% predicted/ 
personal best 
Validated questionnaires 
ATAQ 0 
ACQ =O iou 
ACI = 20 
Risk Exacerbations 0-1 a year 


Progressive loss of lung function 


Treatment-related adverse effects 


> 2 days a week Throughout the day 


1-3X a week = 4X a week 
Some limitation Extremely limited 


> 2 days a week Several times per day 


60%-80% predicted/ < 60% predicted/ 


personal best personal best 
E 3—4 
215 N/A 
16-19 = 15 


= 2 a year (see note) 


Consider severity and interval since last exacerbation 


Evaluation requires long-term follow-up care 


Medication side effects can vary in intensity from none to very troublesome and worrisome. 


The level of intensity does not correlate to specific levels of control but should be considered 
in the overall assessment of risk. 





* ACQ values of 0.76-1.4 are indeterminate regarding well-controlled asthma. 
ACQ, Asthma Control Questionnaire; ACT, Asthma Control Test; ATAQ, Asthma Therapy Assessment Questionnaire; EIB, exercise-induced bronchospasm; FEV), forced 
expiratory volume in 1 second. 





LONG-TERM CONTROLLERS 





E Corticosteroids: Mechanism is to block late-phase reac- 


tion to allergens, decrease airway hyperresponsiveness, and 
inhibit inflammatory cell actions. Inhaled corticosteroids 
(ICSs) are the mainstay of treatment in the long-term con- 
trol of asthma. ICSs are considered to be the most potent 
and consistently effective anti-inflammatory asthma medi- 
cation (10,25,37,42,44). ICSs must be taken on a regular 
basis; therefore, they are not useful as a rescue medication. 
Side effects can include local irritation, dysphonia, and oral 
candidiasis. Systemic forms may be needed in asthma flares 
and cases recalcitrant to inhaled glucocorticoids. 

Khellin derivatives: Cromolyn sodium (Intal) and nedocro- 
mil sodium (Tilade) act to stabilize mast cells, thus prevent- 
ing the release of inflammatory mediators. Both are inhaled 
medications with a strong safety profile and can be consid- 
ered as an alternative to ICSs but not a preferred therapy. 
Cromolyn is approved for children of all ages, while nedo- 
cromil is approved in children older than age 6. Both take 
about 2 weeks to demonstrate a therapeutic response. 


Leukotriene modifiers: Zileuton (Zyflo), a 5-lipo oxygen- 
ase inhibitor, blocks the synthesis of leukotrienes, whereas 


zafirlukast (Accolate) and montelukast (Singulair), leukotri- 
ene receptor antagonists (LTRAs), block the effects of leu- 
kotrienes after they are formed. All 3 medications decrease 
airway inflammation and offer another alternative to ICSs. 
Montelukast and zafirlukast are approved in children, have 
a favorable safety profile, and are taken orally every day or 
twice a day. Less desirable is zileuton, which is not approved 
in children < 12 years old and requires dosing 4 times a day 
and monitoring of hepatic function. 


Long-acting B,-agonists (LABAs) are bronchodilators that 
last up to 12 hours after 1 dose. Examples include salme- 
terol and formoterol. LABAs are the recommended medica- 
tion to be used in combination with ICSs for management 
of moderate to severe asthma (3,4,43). Concern regarding 
the use of LABA as monotherapy and an increased risk of 
asthma exacerbations and asthma-related deaths has caused 
a black box warning to be placed on all preparations contain- 
ing a LABA (16,22). An expert panel recommends weighing 
the benefit of LABA use in uncontrolled asthmatics versus 
the small increased risk (42). 


Immune modulators: Omalizumab is a monoclonal anti- 
body that prevents binding of immunoglobulin (Ig) E to 
mast cells and basophils. It can be used as adjunctive therapy 
in patients older than 12 years with allergies and severe 
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Table 38.2 | Treatment: Stepwise Approach 





Persistent Asthma: Daily Medication 
Intermittent Consult with asthma specialist if step 4 care or higher is required. A 
Asthma Consider consultation at step 3. 
Step 1 Step 2 Step 3 Step 4 Step 5 Step 6 Step up 
Preferred: Preferred: Preferred: Preferred: Preferred: Preferred: if needed 
SABA PRN Low-dose ICS Low-dose Medium-dose High-dose High-dose (first check 
ICS + LABA ICS + LABA ICS + LABA ICS + LABA + dh 
Alternative: OR oral corticosteroid eas l 
Cromolyn, LTRA, Medium-dose Alternative: AND ie 
nedocromil, or ICS Medium-dose AND one 
theophylline ICS + either Consider comorbid 
Alternative: LTRA, Omalizumab Consider conditions) 
Low-dose theophylline, or for patients Omalizumab for 
ICS + either zileuton who have patients who have 
: : Assess control 
LTRA, allergies allergies 
m Step dov 
if possible 
(and asthma is well 
Each step: Patient education, environmental control, and management of comorbidities. controlled at least 
Steps 2—4: Consider subcutaneous allergen immunotherapy for patients who have allergic asthma (see notes). 3 months) 
Quick-Relief Medication for All Patients 
* SABA as needed for symptoms. Intensity of treatment depends on severity of symptoms: up to 3 treatments at 20-minute 
intervals as needed. Short course of oral systemic corticosteroids may be needed. y 


* Use of SABA > 2 days a week for symptom relief (not prevention of EIB) generally indicates inadequate control and the 


need to step up treatment. 





Alphabetical order is used when more than 1 treatment option is listed within either preferred or alternative therapy. 
EIB, exercise-induced bronchospasm; ICS, inhaled corticosteroid; LABA, inhaled long-acting B,-agonist; LTRA, leukotriene receptor antagonist; PRN, as needed; SABA, inhaled 


short-acting B,-agonist. 





asthma. It is for those with severe persistent asthma not con- ASTHMA MANAGEMENT 


trolled with a combination of high-dose ICS and LABA (14). 





ŒE Methylxanthines: Sustained-release theophylline is a bron- 


chodilator with mild anti-inflammatory effects that is an al- qo 


ternative, but not preferred, adjunctive therapy with ICS. It 
requires monitoring of blood levels. 





SHORT-ACTING AGENTS 





E Short-acting B,-agonists (SABAs): Inhaled albuterol is the 
main rescue medication for acute bronchoconstriction and 
prevention of exercise-induced asthma. Inhaled forms have a 


good safety profile with primarily mild central nervous sys- qo 


tem (CNS) side effects. Medication has an immediate effect 
and is, therefore, subject to overuse. Chronic use can also 
lead to decreases in efficacy and increased bronchial hyper- 


reactivity. Oral forms are not approved for use by the Inter- ] 


national Olympic Committee or National Collegiate Athletic 
Association (NCAA). 


E Anticholinergics: Ipratropium bromide (Atrovent) is a bron- 
chodilator used more often in patients with chronic obstruc- 
tive pulmonary disease (COPD). It can be an adjunct for 
patients who have an inadequate response to B2-agonists. The 
duration of action is 3—4 hours with an onset of 30-90 minutes. 


The goal of therapy is to maintain control of asthma with 
the least amount of medication necessary. Use a stepwise 
approach while minimizing impairment and risk (42). See 
Table 38.2. 


Use caution when prescribing medications to collegiate, pro- 
fessional, and elite athletes. Always check with the sport’s 
governing body in regard to banned substances. The U.S. 
Olympic Committee has an up-to-date list available through 
their Web site (http://www.usantidoping.org), or you can 
call their drug control hotline at 1-800-233-0393. 


Once asthma is well controlled, exercise should be encour- 
aged. Studies have demonstrated decreased numbers of ex- 
acerbations, less medication use, and fewer missed days of 
work or school in asthmatics who exercised (42). 


The exercise prescription should include a preexercise assess- 
ment to document control. FEV, should be = 80% of ex- 
pected levels (8). The exercise goal should be consistent with 
the American College of Sports Medicine’s recommendation 
to exercise on most days of the week for 20-30 minutes (11). 
The type of exercise can be anything that the patient enjoys 
but should provide aerobic benefit, as well as strength and 
flexibility conditioning. 


E Advise caution on risky activities, such as exercising outside 
on a cold day, when wheezing or when peak flows suggest a 
decline in lung function because exercise can trigger symp- 
toms of bronchoconstriction. (See next section.) 





EXERCISE-INDUCED 
ASTHMA/BRONCHOSPASM 





E Exercise-induced asthma (EIA) is defined as the transitory 
increase in airway resistance that typically occurs following 
vigorous exercise in a patient with chronic asthma. Exercise- 
induced bronchospasm (EIB) refers to those individuals 
with no symptoms outside of exercise. It is important to un- 
derstand that some asthmatics will only mount symptoms 
with exercise, so ensuring that no symptoms or reductions 
in pulmonary function exist at rest is paramount in guiding 
treatment (41). 

E Ninety percent of patients with chronic asthma will have 
EIA, and 40% of patients with allergic rhinitis or atopic der- 
matitis will have EIB (9). 

E The prevalence of EIA/EIB in athletes varies by sport with 
ranges between 12% and 55% (15), and EIA/EIB occurs in 
amateur to elite level athletes. Higher risk sports include 
those with high-minute ventilation, such as basketball, track, 
and soccer, as well as those done in cool, dry air, such as 
cross-country skiing, ice skating, and hockey. 

E The pathophysiology of EIB remains debatable. Two main 
theories exist. 

E The water loss theory attributes EIB to the loss of water 
through the bronchial mucosa as the body tries to warm 
rapidly inhaled air during exercise. This dries the mucosa 
and causes local changes in pH, osmolarity, and the tem- 
perature of the airway, which may trigger bronchocon- 
striction (35). 

E The thermal expenditure theory holds that EIB is the re- 
sult of respiratory heat loss that occurs during exercise. 
The increased ventilation of exercise causes a cooling of 
the airways. Once exercise ceases, the blood vessels dilate 
and engorge to rewarm the epithelium, which may lead 
to rebound hyperemia and bronchoconstriction (35). 

E Some studies demonstrate that the presence of inflammatory 
mediators are also involved in EIB (1,2,6). 


Presentation 


E Clinical symptoms may include coughing, wheezing, chest 
tightness, or shortness of breath during or minutes after in- 
tense exercise. Symptoms usually peak 5-10 minutes after 
exercise and last for 20-30 minutes. Atypical symptoms can 
include stomach cramps, chest pain, nausea, headache, or 
feeling out of shape. Examination during an attack may dem- 
onstrate increased respiratory rate, prolonged expiration, 
decreased breath sounds, and wheezing. Some athletes may 
describe a late response 6-8 hours after the onset of exercise. 
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Diagnosis 


E The diagnosis of EIA/EIB is often based on history and self- 


reported symptoms. Numerous studies have demonstrated 
that this approach is unreliable and can both underdiagnose, 
as well as overdiagnose the condition (26,38,40). Parsons 
et al. (26) found that 36% of athletes with a positive eucap- 
nic voluntary hyperventilation (EVH) test did not report 
any symptoms and that only 35% of athletes with symptoms 
were found to have positive tests. More reliable diagnosis is 
based on pulmonary function testing after a thorough his- 
tory and physical examination has ruled out any other expla- 
nation of the symptoms. 

Office spirometry should be done at rest to rule out un- 
derlying chronic asthma in anyone suspected of having 
EIB. A normal resting test with suspicion of EIB warrants 
a bronchoprovocation test. Many physicians will give a trial 
of a prophylactic bronchodilator if classic history and mild 
symptoms exist. 

Normal testing with no response to medication should 
prompt consideration of vocal cord dysfunction as the diag- 
nosis. Gastroesophageal reflux and cardiac disorders need to 
be considered as well. 

Options for confirming EIB include indirect and direct chal- 
lenge tests. (See Chapter 24, Exercise-Induced Bronchocon- 
striction Testing, for detailed discussion.) 





INDIRECT CHALLENGE TESTS 


Exercise Challenge Test 


E Performed either in a laboratory or in the field, this test 


seeks to simulate the athlete’s sport in order to provoke EIB. 
Formal pulmonary function tests are done, with FEV, being 
the index most often measured in the lab versus peak expira- 
tory flow rate (PEFR) in the field. Solitary EIB will have a 
preexercise baseline FEV, or PEFR between 80% and 100% 
of normal predicted values. The exercise is most commonly 
free or treadmill running for 5-8 minutes at a high inten- 
sity (= 85%—-90% maximum predicted heart rate). FEV, 
or PEFR is measured at 1-, 3-, 5-, 10-, and 15-minute in- 
tervals. Positive test = a decrease in FEV, or PEFR of 15%. 
Mild EIB = 15%—25% decrease. Moderate EIB = 25%-40% 
decrease. Severe EIB = a decrease of > 40% (31). 

Field testing offers the advantage of more closely mimicking 
actual sport, but it can be difficult to control environmental 
factors and hard to control/monitor rate of exertion. 
Laboratory testing is more costly and eliminates possible 
contributing environmental triggers. It offers the advan- 
tages of controlled cardiovascular workload and ability to 
monitor pulmonary and cardiovascular function during 
exercise (28). 

Other indirect challenge tests include the EVH challenge 
test, the hyperosmolar saline challenge test, and the mannitol 
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challenge test. EVH testing is considered the “gold standard” 
by many; however, it is not readily available other than at 
research centers (13). 





DIRECT CHALLENGE TESTS 





E Direct challenge testing involves administration of increas- 
ing doses of a pharmacologic agent, such as methacholine, 
to cause bronchoconstriction. These tests are highly sensitive 
but have a poor specificity for EIB. 


Treatment 


E Good long-term control of chronic asthma should allow 
participation in athletics without any EIA symptoms. If 
symptoms are occurring, adjustment to the treatment needs 
to be made (Table 38.2). A variety of agents are available to 
treat EIB. Treatment should be tailored to the individual ath- 
lete and his or her sport. 





PHARMACOLOGIC TREATMENTS 
(ALSO SEE LONG-TERM 
CONTROLLERS SECTION) 





E SABAs: First-line therapy is usually with an inhaled SABA, 
such as albuterol, 2—4 puffs taken 15-30 minutes prior to 
activity. Albuterol’s onset of action is = 5 minutes and dura- 
tion of effect is ~2—6 hours. It will prevent EIB in > 80% 
of patients (42). All athletes with EIA/EIB should carry an 
SABA inhaler with them during exercise to relieve acute ex- 
acerbations that occur despite prophylaxis. 

E LABAs can be protective for up to 12 hours and should be 
considered in athletes involved in endurance/all-day events, 
as well as in children where activity is unpredictable. When 
used daily, shortening of duration of action occurs (30). Fre- 
quent use of LABAs for EIA/EIB is not recommended because 
it may disguise poorly controlled persistent asthma (42). 

E Cromolyn or nedocromil can be used as an alternative to 
SABAs, but they are not as effective. Both should be admin- 
istered as 2—4 puffs 20 minutes prior to exercise. The dura- 
tion of action is ~2 hours. They are not to be used to treat 
acute symptoms but are useful for repeated bouts of exercise 
because they have minimal/no side effects. Combining cro- 
molyn with SABA can be helpful (32). 


E LTRAs offer the advantage of oral administration and long 
duration of action. Attenuation of EIB symptoms occurs in 
up to 50% of patients (42). Montelukast is administered at 
10 mg daily in adults and 5 mg in 6- to 14-year-old children. It 
has a 3- to 4-hour onset of action and a duration of 24 hours. 
Zafirlukast is administered at 20 mg twice a day in adults and 
10 mg twice a day in children 5-11 years old. It has an onset of 
action of 30 minutes and duration of 12 hours. 


Medical Problems in the Athlete 


E ICSs are not effective as prophylaxis prior to exercise but 
need to be considered in patients refractory to the aforemen- 
tioned medications; patients should also be reevaluated for 
chronic asthma. 





NONPHARMACOLOGIC TREATMENTS 





E The use of masks or scarves to decrease the amount of heat 
and water lost with exercise in cold weather may diminish EIB. 

B® Aerobic conditioning may reduce severity of EIB by improv- 
ing rate of ventilation during exercise, but there is no proof it 
prevents EIB (13). 

E Appropriate cooldowns help decrease EIB. Cooling down 
helps by allowing gradual rewarming of the airways, which 
decreases vascular dilation and edema. 

E Refractory period: Defined as the time after spontaneous 
recovery from an episode of EIB where > 50% of athletes 
will not experience another episode of bronchoconstriction 
with exercise. Effect is usually 1-2 hours in duration. It can 
benefit athletes who experience this effect in that they can in- 
duce a refractory period prior to their actual competition to 
lessen the severity of EIB during their event. Various meth- 
ods exist to induce the effect, including 20-30 minutes of 
low-intensity exercise or seven 30-second sprints separated 
by short intervals (8,13). Studies demonstrate that a continu- 
ous low-intensity warm-up is more beneficial than interval 
training to decrease risk of EIB (18). Studies also demon- 
strate that this effect is inhibited with use of nonsteroidal 
anti-inflammatories (24). Athletes should be counseled to 
still use their prescribed EIB medications because effect is 
partial for most people (36). 





CHRONIC OBSTRUCTIVE 
PULMONARY DISEASE 





™ COPD is a progressive disease that primarily refers to 
emphysema and chronic bronchitis. It is a condition of 
slowly deteriorating pulmonary function whereby expi- 
ratory airflow obstruction leads to dyspnea and decon- 
ditioning. While exercise cannot reverse the process, it 
can provide improvements in quality of life and decreased 
disability (19). 

E Estimated worldwide prevalence is 7%-19%, but COPD is 
largely underdiagnosed (17). Death rates from COPD con- 
tinue to rise, and it is the fourth leading cause of death in the 
United States. 

E The primary cause is chronic tobacco use, but other etiolo- 
gies, such as q,-antitrypsin deficiency and environmental 
exposures, do play a role. 

The pathophysiology of COPD is multifactorial. Airway hy- 
perreactivity and/or increased respiratory secretions lead to 


chronic obstruction. This results in air trapping and respira- 
tory muscle dysfunction, which, over time, causes generalized 
deconditioning. Additionally, the emphysematous compo- 
nent causes destruction of alveolar capillary membranes, 
which leads to hypoxemia. Chronic hypoxemia results in 
pulmonary hypertension and right ventricular failure (31). 


Severe limitations in respiratory function and chronic hypox- 
emia cause great fear and anxiety in COPD patients, includ- 
ing a fear of exercise and thus further deconditioning (7). 


Our role as sports medicine physicians is to enable COPD 
patients to exercise comfortably and safely. 


Evaluation: Prior to providing an exercise prescription, 
patients must have an assessment of their current status 
through a physical examination and pulmonary function 
testing. One can expect reductions in FEV, and increased 
ventilatory muscle effort. 


A careful assessment of cardiac risk and exercise capacity, 
including exercise testing, is recommended for all patients. 
Many protocols exist for both treadmill and stationary cycle 
testing. Exercise testing can help to determine safe levels of 
exercise to prevent arrhythmias and hypoxemia, the amount 
of supplemental oxygen needed during exercise, and any 
need for bronchodilators. 


Management: The care of the COPD patient is aimed at 
maintaining, or improving, the functional capacity through 
a multidisciplinary approach. 


Exercise: Studies demonstrate that exercise improves dys- 
pnea, provides an aerobic training response, reduces ven- 
tilation, and improves overall exercise tolerance (27). No 
evidence exists that exercise lengthens life expectancy in the 
COPD patient, but it provides immense physical and psy- 
chological benefits. 


Supervised exercise through a pulmonary rehabilitation pro- 
gram is warranted if patient has significant disease. Most can 
graduate to independent exercise within 6 weeks (19). 


Independent exercise goal should be to exercise 3 days a week 
at 60%—80% of maximal heart rate for 20-30 minutes. Type 
of exercise will vary based on patient’s ability and comor- 
bidities. Stationary cycling is useful initially because many 
patients are unsteady on their feet, and arm ergometry can 
be used for those with lower extremity limitations. These 
goals may take months to reach, if at all. Start with several 
minutes of exercise and progress at a rate appropriate for the 
individual (27,34). 

Exercise aids can include supplemental oxygen and medica- 
tions. Bronchodilators and anticholinergics are the mainstay 
of pharmacologic therapy in COPD and should be used ag- 
gressively. Mucolytics can assist with excessive secretions. 
ICS can also assist in decreasing airway inflammation. Oral 
corticosteroids are reserved for more severe cases, and the- 
ophylline remains a controversial therapy. 
Bronchopulmonary toilet and pursed lip breathing are two 
other mechanical techniques that can aid COPD patients in 
achieving activity goals. 
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E Careful attention to preventive health care, such as influ- 
enza and polyvalent pneumococcal immunizations, can help 
COPD patients avoid setbacks in their exercise programs and 
enhance overall well-being. 





CYSTIC FIBROSIS 





E Cystic fibrosis (CF) is an autosomal recessive disorder that af- 
fects multiple organ systems, including the pulmonary, gas- 
trointestinal, reproductive, and skeletal systems, as well as the 
sweat glands. Chronic pulmonary disease is the leading cause 
of morbidity and mortality because the thick mucus found 
with CF leads to infection and inhibits pulmonary function. 
Aerobic exercise has been shown to aid in the clearance of 
secretions and improve quality of life in patients with CF. 

E Diagnosis of CF is made by an abnormal sweat chloride test. 
Prenatal screening is now available and should be offered to 
couples at higher risk, particularly those of Northern Eu- 
ropean descent. Pulmonary function tests are similar to an 
asthmatic but also demonstrate a decreased FVC. 


E Management of CF is dependent on the extent of disease. 
A goal of preventing recurrent respiratory infections is at- 
tempted through chest physiotherapy, bronchodilators, and 
antibiotics. Corticosteroids, oxygen, recombinant deoxyri- 
bonuclease I, and possibly lung transplantation in advanced 
cases may also be warranted. 


E Exercise can augment mobilization of secretions when com- 
bined with chest physiotherapy (39). A study also demon- 
strated less loss of FVC compared to controls (29). In mild 
forms of CF, athletes should be allowed to participate as their 
pulmonary function allows. Moderate to severe cases of CF 
benefit from more formal rehabilitation programs where the 
need for supplemental oxygen can be tracked. 


E All athletes with CF need to be counseled on safe exercise 
in the heat because they are subject to increased sodium 
and chloride losses in their sweat when compared to those 
without CF. 





RESPIRATORY INFECTIONS 





E Respiratory tract infections are one of the most common 
medical problems encountered in the care of athletes. Upper 
respiratory tract infections (URIs) comprise the majority of 
these infections. 

E Immune function affects avoidance and occurrence of URIs. 
Studies demonstrate that moderate exercise can protect 
against URIs, whereas intense exercise can decrease immu- 
nity and increase the risk of URIs (23). 


E Prevention of URIs can be augmented through avoidance of 
overtraining, adequate sleep, proper nutrition, and limiting 
stress. Influenza vaccination of athletes in winter sports 
should be considered. 
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Treatment of URIs is primarily symptomatic. Nasal ip- 
ratropium bromide and oral/topical decongestants can be 
helpful in the short term. Caution must be exercised with 
antihistamines in athletes because they can impair tem- 
perature regulation and cause sedation. Inhaled B-agonists 
can help with URI-associated coughs. Antibiotics are only 
indicated if progression to a secondary bacterial infection 
occurs. Zinc and vitamin C may reduce the duration of URI 
symptoms (12,20). 

Athletes with a common cold can continue to participate to 
a lesser degree provided no fever is present. Care should be 
taken to increase hydration and cease activity if constitu- 
tional symptoms occur, such as fever, myalgias, productive 
cough, vomiting, or diarrhea. 

Progression to diseases, such as pneumonia and complicated 
bronchitis, warrant up to 10-14 days of rest before resuming 
full activity. 
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INTRODUCTION 





ŒE Allergic rhinitis alone affects over 60 million Americans (2). 
It is the fifth most common chronic disease and the most 
prevalent in patients under 18 years of age, affecting up to 
40% of children (2,16). 

E Urticaria and angioedema affect 20%-30% of the popula- 
tion during their lifetime (9). 

E Approximately 20,000-50,000 patients with anaphylaxis 
present for medical care in the United States each year. An- 
nual mortality figures are difficult to quantify, but available 
estimates indicate anaphylaxis causes up to 1,000 deaths each 
year (15). 





ALLERGIC RHINITIS 





Æ Allergic rhinitis occurs when an individual develops immu- 
noglobulin (Ig) E sensitization to aeroallergens. Inhalation 
of the aeroallergens leads to mast cell activation and release 
of histamine and other chemical mediators of inflammation. 

E Common symptoms include rhinorrhea, postnasal drip, 
congestion, sneezing, cough, and pruritus of the nose and 
soft palate. Patients may complain of generalized irritabil- 
ity and fatigue. Eye pruritus, injection, irritation, and watery 
discharge may indicate coexisting allergic conjunctivitis. 

E Symptoms recur on exposure to any aeroallergen to which a 
patient is sensitized. 

E Spring and early summer exacerbations occur with tree 
and grass pollination. Late summer and fall symptoms are 
usually because of weeds and mold. Indoor flares suggest 
sensitivity to cockroach, dust mites, pet dander, or molds. 
Perennial symptoms may be sensitive to a combination of 
these allergens or indicate nonallergic rhinitis. 





NONALLERGIC RHINITIS 





E The etiology of nonallergic rhinitis is unknown. 


E The prominent complaint is nasal congestion. Nasal, eye, and 
soft palate pruritus are usually absent. Symptoms are often 
perennial and triggered by strong odors or smoke. Seasonal 
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air temperature, humidity, and barometric pressure changes 
may lead to exacerbations, making it difficult to distinguish 
from allergic rhinitis. 


Evaluation 


Œ The history should focus on isolating an allergen exposure. 


A personal or family history of asthma, allergies, and eczema 
leads to a higher suspicion for allergic rhinitis. 


E Physical examination will not distinguish allergic and nonal- 


lergic rhinitis. 

E The nasal mucosa in allergic rhinitis is classically pale or 
bluish, but can be red or edematous or appear normal. 
Postnasal drip of any etiology causes posterior pharyn- 
geal cobblestoning. “Allergic shiners” from infraorbital 
venous congestion are also nonspecific. 

E Findings suggestive of allergic rhinitis include an accentu- 
ated transverse nasal crease (seen in children who repeat- 
edly rub their nose because of pruritus), atopic stigmata, 
such as eczema, and wheezing on auscultation. 


Management 


E Allergen avoidance is essential in managing allergic rhinitis. 


E Avoidance of animal dander is always best. Exclusion of 
the pet from the bedroom and high-efficiency particulate 
air (HEPA) filter use may provide some benefit. 

E For dust mite allergy, use occlusive covers on the pillows, 
mattress, and box springs. Frequent washing of bed lin- 
ens and blankets in hot water is helpful. Dehumidifiers 
and removing carpet may help. HEPA filters are ineffec- 
tive because dust mite products are not airborne for an 
extended period of time. 

E Mold allergen can be difficult to control, but dehumidi- 
fiers and scrupulous cleaning can be beneficial. 


Medical Therapy 


Œ Medical therapy is initiated in a stepwise fashion (Fig. 39.1). 


Available medications include nasal corticosteroids, anti- 
histamines, decongestants, cromolyn, leukotriene receptor 
blockers, and nasal ipratropium bromide. 


E Nasal corticosteroids are the most effective therapy for per- 


sistent or severe symptoms (3). Several days of treatment are 


Mild or Intermittent Symptoms 


Nonsedating antihistamine 





Consider nasal cromolyn 


Symptoms not controlled 


Add nasal corticosteroid 
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Severe or Persistent Symptoms 


Nasal corticosteroid daily 
and 


Nonsedating antihistamine prn 






Symptoms not controlled 
or side effects intolerable 


Consider allergen-specific serum IgE Testing 


Consider alternative agents 


Nasal antihistamine 


Leukotriene receptor blocker 
Symptoms not well controlled, triggers need 
identification, or immunotherapy considered 

Refer patient to allergist 


Figure 39.1: Suggested therapeutic strategy for allergic rhinitis in athletes. IgE, immunoglobulin E; prn, as needed. 


usually necessary for maximal effectiveness. They can be used 
periodically for an athlete’s allergy season, but once initiated, 
the steroid needs regular administration for optimal efficacy 
(Table 39.1). Side effects are low and include irritation, burn- 
ing, sneezing, and bloody nasal discharge. 


Table 39.1 | Nasal Corticosteroids 


Nasal Corticosteroid Dose: Sprays per Nostril 





Flonase, Veramyst (fluticasone) Age = 12: 2 daily 


Age 4-11: Same but start at 1 daily 


Nasonex (mometasone furoate) Age = 12:2 daily 


Age 2-11: 1 daily 


Rhinocort Aqua (budesonide) Age = 12: 1-4 daily 


Age 6-11: 1-2 daily 
Omnaris (ciclesonide) Age = 6: 2 daily 
Nasarel (flunisolide) Age = 15: 2 bid to tid 
Age 6-14: 1 tid or 2 bid 
Age = 12:2 daily 
Age 6-11: 1-2 daily 
Age = 12: 1-2 bid 
Age 6-11: 1 bid 


Nasacort AQ (triamcinolone) 


Beconase and Vancenase AQ 
(beclomethasone) 





bid, twice a day; tid, three times a day. 





E Chronic nasal steroids, when used properly, are not associated 


with significant adrenal suppression, nasal or pharyngeal can- 
didiasis, cataracts, or glaucoma (4,5,12). Studies using mometa- 
sone furoate and fluticasone in children showed no difference 
in growth compared to placebo (1,17,19). 

Oral antihistamines relieve sneezing, itching, and rhinorrhea 
in allergic rhinitis. Their efficacy is roughly equivalent to na- 
sal cromolyn but less than nasal steroids. They provide little 
relief of nasal obstruction and are generally ineffective in the 
treatment of nonallergic rhinitis. First-generation antihis- 
tamines can cause significant sedation, decreased alertness, 
and performance impairment, making them undesirable 
for most competitive athletes. These effects can exist with- 
out an individual’s awareness and can be present even with 
nighttime-only dosing. Second-generation antihistamines 
are at least as effective as first-generation antihistamines and 
possess much lower rates of sedation (Table 39.2). Antihis- 
tamines can decrease heat dissipation by their anticholiner- 
gic effects on sweat glands and should be used with caution 
in athletes. 


Nasal antihistamines can be beneficial in both allergic and 
nonallergic rhinitis. Side effects include drowsiness and an 
unpleasant aftertaste. While nasal steroids provide great- 
er relief of nasal symptoms, nasal antihistamines can be 
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Table 39.2 | Second-Generation Oral Antihistamines 


Second-Generation Oral Antihistamine Dose 


Sedation 





Fexofenadine (Allegra) Age = 12: 180 mg daily or 60 mg bid No different than placebo 


Age 2-11: 30 mg bid 


Cetirizine (Zyrtec) Age = 6: 5-10 mg daily Slightly higher than placebo but less than first 
Age 2-5: 2.5-5 mg daily (syrup) generation 
Levocetirizine (Xyzal) Age = 12:5 mg daily Slightly higher than placebo but less than first 


Age 6-11: 2.5 mg daily 


generation 


Age 2-5: 1.25 mg daily (syrup) 


Loratadine (Claritin) Age = 6: 10 mg daily 
Age 2-5: 5 mg daily 


Desloratadine (Clarinex) Age = 12:5 mg daily 
Age 6-11: 2.5 mg daily 
Age 2-5: 1.25 mg daily 


bid, twice a day. 


* Seven percent of population may have sedation because of decreased metabolism of the drug. 


considered as an alternative when the response to an oral a 
antihistamine and a nasal steroid is inadequate (24). 

E Oral decongestants relieve congestion in allergic and non- 
allergic rhinitis. In allergic rhinitis, they are most effective 
when combined with an oral antihistamine (21). Side ef- 


No different than placebo at 10 mg; sedating at 
higher doses 


No different than placebo* 


When treatments fail, consider medication inadequacy and 
noncompliance, as well as the possibility of other diagnoses, 
such as anatomic or physical obstruction and/or chronic 
sinusitis. 


fects include insomnia, irritability, tachycardia, and palpa- | Athlete-Specific Medication Issues 


tions. Because they decrease heat dissipation via peripheral 
vasoconstriction, they should be avoided during training 
or competition in the heat. Athletes must be aware of the 
rules of their particular sport. Governing bodies for com- 
petitive sports have individual guidelines that may ban 
certain decongestants (see later section, Athlete-Specific 
Medication Issues). 


E Topical nasal decongestants are for short-term control of 
severe congestion. Their use should not exceed 3 days. If used 
for more than 5-7 days, they can cause severe rebound con- 
gestion and rhinorrhea. E 

E Cromolyn, a topical mast cell stabilizer, provides modest im- 
provement in the sneezing, itching, and rhinorrhea associ- 
ated with allergic rhinitis and has a low potential for toxicity. 

It is useful when given prior to allergen exposure but often 
requires dosing up to 4—6 times daily to be effective. 

E Leukotriene receptor antagonists (LRAs) provide mild im- 
provement in allergic rhinitis with efficacy similar to second- 
generation antihistamines (14). Their side effect profile is 
no different than placebo. They should be considered when 
nasal steroids and/or antihistamines fail or have intolerable 
side effects. Patients with concomitant asthma may also ben- 


Because restrictions on over-the-counter and prescription 
medications can change, an athlete should discuss a medi- 
cation’s status with the governing body for their particular 
sport or level of competition prior to its use. This would in- 
clude the National Collegiate Athletic Association (NCAA) 
and the World Anti-Doping Agency (WADA). 

The NCAA has no restrictions on any allergy-related prod- 
ucts with the exception that any products containing ephed- 
rine are banned. 


The WADA standards are more stringent. Ephedrine and 
pseudoephedrine are both banned. However, the urinary 
concentration of pseudoephedrine associated with normal 
therapeutic use typically falls below the WADA limit of 150 
wg + mL”. Oral glucocorticoids are also banned. Injected epi- 
nephrine (EpiPen) for emergency use requires a therapeutic 
use exemption (TUE). Antihistamines, cromolyn, and leukot- 
riene receptor blockers, as well as topical and nasal steroids, 
are not banned and do not require a TUE. The WADA releases 
a new list of banned substances each year and requires review 
by participants and medical staff to ensure compliance (23). 





efit from LRA therapy. 


ALLERGY TESTING 





E Ipratropium bromide 0.03% nasal spray is effective for treat- 
ing rhinorrhea, particularly vasomotor-induced rhinorrhea 
triggered by cold air or exercise. It has no effect on pruritus m 
or congestion. Side effects include occasional epistaxis and 
nasal dryness but no systemic anticholinergic or rebound ef- 
fects. It is effective when dosed 30 minutes prior to exercise 
or exposure. 


In patients with a history suggestive of allergic rhinitis, 
indications for referral for skin testing include targeting al- 
lergens for avoidance, as well as institution of immunother- 
apy when medical therapy is failing. Allergy consultation is 
recommended prior to drastic environmental interventions, 


such as pet elimination, taking up carpets, or purchasing new 
mattresses, bedding, dust mite covers, and the like. 
Antihistamines should be stopped 1 week prior to testing, so 
as not to blunt the cutaneous response to skin testing. 
Allergy testing is contraindicated in the setting of severe lung 
disease or poorly controlled asthma with a forced expiratory 
volume in 1 second (FEV,) of less than 70%. 


Skin testing is preferred over in vitro allergen-specific se- 
rum IgE testing with radioallergosorbent testing (RAST) 
or ImmunoCAP because it is more sensitive. Serum testing 
is a reasonable alternative when skin testing cannot be per- 
formed and is helpful for validating the diagnosis and sup- 
porting environmental controls. 





ALLERGEN IMMUNOTHERAPY 





E Allergen immunotherapy (AIT) is effective for allergic rhinitis 
and allergic asthma. Advantages include long-lasting symp- 
tom remission and a reduction in the risk of developing new 
allergies and asthma in children (13). Notable symptom relief 
usually takes several months of treatment. Three to 5 years 
of AIT are required to sustain symptom remission. Any indi- 
vidual who cannot fully commit to treatment, has poorly con- 
trolled asthma, or is on a B-blocker should not receive AIT. It 
should be prescribed and administered by a board-certified 
allergist to ensure a thorough discussion of the benefits and 
potential risks of therapy and to provide ongoing follow-up. 





ALLERGIC CONJUNCTIVITIS 





E Etiology is the same as for allergic rhinitis. Symptoms occur 
on inoculation of the allergen onto the mucosa of the eyes. 


E Symptom control can be achieved with the same mea- 
sures as discussed for allergic rhinitis. Persistent eye symp- 
toms may require targeted ocular medications (Table 39.3). 


T 


able 39.3 | Allergic Conjunctivitis Topical Medications 
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Combination of mast cell blocker and antihistamine topical 
therapy is very effective. Other options include topical mast 
cell blockers or antihistamine alone, topical decongestants, 
and topical mast cell stabilizers. Topical decongestants should 
be reserved for short-term use because rebound hyperemia 
occurs with chronic application. Topical corticosteroids are 
associated with significant complications and should only be 
used after consultation with an ophthalmologist. 





URTICARIA AND ANGIOEDEMA 





Pathophysiology 


E Urticaria is caused by mast cell degranulation in the super- 
ficial dermis and is characterized by pruritic, erythematous, 
cutaneous elevations that blanch with pressure. Hives may 
appear anywhere on the body, but occur primarily on the 
trunk and extremities. Mast cell mediators involved include 
histamine, prostaglandins, leukotrienes, platelet-activating 
factor, anaphylatoxins, bradykinin, and Hageman factor. All 
cause blood vessel dilation and tissue edema. 


E Angioedema is similar to urticaria but occurs in the deeper 
dermis and subcutaneous tissues. It is more painful and burn- 
ing than pruritic and often involves the face. 

E Acute urticaria is defined as new-onset symptoms of less 
than 6 weeks in duration. If symptoms persist more than 
6 weeks, it is considered chronic urticaria. 

E Inchronic urticaria, 75% have symptoms for over 1 year, 50% 
have symptoms for over 5 years, and 20% have symptoms for 
decades. Urticaria occurs at any age but is most common in 
children and young adults. Approximately 50% of patients at 
presentation have both urticaria and angioedema, 40% have 
urticaria only, and 10% have angioedema only (22). 

E Most cases are idiopathic, but potential triggers are medica- 
tions, insect stings, infections, and foods and food additives. 
Table 39.4 lists the most common known triggers. 










Topical Agent Mechanism of Action Dose 

Patanol (olopatadine) Mast cell blocker/antihistamine Age = 3: 1 drop bid 

Zaditor (ketotifen) Mast cell blocker/antihistamine Age = 3: 1 drop 2-3 times daily 
Alomide (lodoxamide) Mast cell blocker Age > 2: 1-2 drops qid 
Alamast (pemirolast) Mast cell blocker Age = 3:2 drops qid 

Livostin (levocabastine) Antihistamine Age = 12: 1 drop qid 

Alocril (nedocromil) Inhibits activation and mediator release from Age > 3: 1-2 drops bid 


inflammatory cells 


Emadine (emedastine) Antihistamine Age = 3: 1 drop qid 

Optivar (azelastine) Antihistamine Age = 3: 1 drop bid 

Crolom (cromolyn) Mast cell blocker Age > 4: 1-2 drops qid 
Naphcon-A, Opcon-A, Visine-A Antihistamine/decongestant Age = 6: 1 drop up to 4 times daily 





bid, twice a day; qid, four times a day. 
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Medications 
Antibiotics 
B-Lactams 
Sulfa compounds 
NSAIDs 
Progesterone 
Local anesthetics 
Opioid analgesics 


Physical Contacts 
Latex 
Nickel 
Plants and plant resins 
Fruits/vegetables 
Raw fish 
Animal saliva 


Insect Stings 


Foods and Food Additives 
Milk 
Egg 
Peanut 
Nuts 
Soy 
Wheat 
Fish/shellfish 
Sulfites 


Infections 
Coxsackie A and B 
Hepatitis A, B, and C 
HIV 
Ebstein-Barr virus 
Herpes simplex 
Intestinal parasites 
Dermatophyte infections 





E Physical stimuli can also cause urticaria. Physical urticarias 
represent 20% of chronic urticaria cases and are important 
to consider in athletes because they are triggered by condi- 
tions occurring during practice and competition (7). (See 
Table 39.5 for their evaluation and management) (6). 


E Cholinergic urticaria, from elevation in core body tem- 


perature, is precipitated by exercise or use of hot tubs. 
Classically, patients develop small, punctate wheals with 
prominent erythematous flare. Symptoms usually occur 
within 2-30 minutes of exposure and last up to 90 minutes. 
Cold urticaria is precipitated by contact with cold air or 
objects. Within 2-5 minutes, the exposed area develops 
swelling and pruritus. Symptoms generally worsen as the 
area rewarms and last up to 2 hours. Patients with cold 
urticaria should avoid swimming and diving because 
this condition carries a risk of anaphylaxis during re- 
warming if patients have a significant drop in core body 
temperature. 


Aquagenic urticaria, which is extremely rare, is caused 
by contact with water itself. For athletes in water sports, 
this condition could be confused with cholinergic or cold 
urticaria. Aquagenic urticaria differs from cholinergic ur- 
ticaria because it occurs even in cool water and even if the 
athlete is not exercising while in the water. Unlike cold 
urticaria, aquagenic urticaria will not be precipitated by 
application of a cold object that is not water-based. 

Solar urticaria occurs with exposure to ultraviolet light. 
Anaphylaxis could occur if large body areas are exposed. 

Pressure urticaria (angioedema) is precipitated by direct 
pressure on the skin. Skin pressure is followed 3—12 hours 
later by localized hives, fever, malaise, and leukocytosis. It 
can be precipitated by running, clapping, sitting, or using 


HIV, human immunodeficiency virus; NSAIDs, nonsteroidal anti-inflammatory drugs. 


Table 39.5 | Physical Urticarias 


hand equipment. Symptoms can last up to 24 hours. 





Type Precipitant Evaluation Treatment 
Cholinergic Elevation in core temperature; History and classic pencil eraser-sized Premedicate with nonsedating antihis- 
urticaria exercise, hot tubs, etc. punctate wheals tamine prior to exercise 


Cold urticaria 


Aquagenic urticaria 


Solar urticaria 


Pressure urticaria/ 
angioedema 


Symptomatic 
dermatographism 


Contact with cold object 


Water contact 


Ultraviolet light exposure 


Direct pressure on skin. Running, 
prolonged sitting, clapping, etc. 


Stroking or rubbing skin; areas where 
clothing or equipment abrades skin 


Place cold object on skin for 15 minutes 


History; expose skin to water 


Expose small, unprotected patch of skin 
to sunlight 


Place 15-lb weight on patient for 20 min- 
utes and look for skin changes; test for 
fever and leukocytosis 3—12 hours later 


Look for linear, pruritic wheal 2-5 minutes 
after rubbing the skin 


Nonsedating antihistamines as needed; 
avoidance of swimming and diving 
sports because of risk of anaphylaxis 


Nonsedating antihistamines 


Limit sun exposure; protective clothing 
and sunscreen use 


Avoidance of precipitants; nonsedating 
antihistamines and NSAIDs; consider 
steroid burst/taper if symptoms severe 


Loose fitting clothing; treatment usually 
not necessary; nonsedating antihista- 
mines only for severe symptoms 





NSAIDs, nonsteroidal anti-inflammatory drugs. 


E Symptomatic dermatographism is another type of physi- 
cal urticaria. Patients develop linear, pruritic wheals 
2-5 minutes after an area of skin is stroked. 


Evaluation 


E In the acute setting, providers should assess for symptoms 


indicating anaphylaxis rather than isolated urticaria or 
angioedema (8). (See later section, Anaphylactic and Ana- 
phylactoid Reactions.) 


E Although in most cases the precipitant remains unknown, a 


detailed history may isolate the cause. Searching for a trigger 
is more beneficial in acute urticaria as compared to chronic 
urticaria where the cause is found in less than 10% of cases. 
For known causes, drug hypersensitivity is most common. 
Individuals should be asked about any recent prescription 
medication, over-the-counter medication, or supplement 
use. Food and food additives rarely cause isolated urti- 
caria, but the relationship to food inhalation, contact, and 
consumption should be documented. It is important to 
document physical triggers, occupational exposures, insect 
envenomations, and any recent illnesses. A thorough review 
of systems will help rule out any disease associations, such as 
an acute bacterial or viral illness, parasitic infection, autoim- 
mune/collagen vascular disease, serum sickness, endocrine 
disease, or malignancy (20). 

The physical examination is especially helpful in the acute 
setting when skin manifestations are present. It can help 
document whether urticaria and angioedema are occurring 
together or in isolation and whether there are any signs of 
anaphylaxis. The examination should also look for evidence 
of other diseases that are rarely associated with urticaria and 
angioedema. 

The use of laboratory and imaging studies should be targeted 
by the history and physical. 


Consider the following tests: Monospot or Epstein-Barr 
virus antibody titers if acute mononucleosis is suspected; 
hepatitis A, B, and C panel; and human immunodeficien- 
cy virus (HIV) testing given the right clinical setting. The 
association of urticaria with other viral infections remains 
unclear, and routine testing for other viral pathogens is not 
recommended. 


If a significant travel history is discovered and the complete 
blood count shows eosinophilia, stool studies should be ob- 
tained looking for intestinal parasites. Progressive weight 
loss and/or the presence of lymphadenopathy or hepato- 
splenomegaly on examination would warrant an evaluation 
for an underlying lymphoreticular malignancy. 


If enlargement or nodularity of the thyroid is present, a 
thyroid function panel, thyroid autoantibodies, thyroid ul- 
trasound, and nuclear medicine thyroid studies should be 
considered. 

Testing for C1 esterase inhibitor deficiency should be con- 
sidered for any athlete presenting with recurrent isolated 
angioedema. 
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@ A skin biopsy for vasculitis is indicated when individual 
urticarial lesions last longer than 24 hours or are associated with 
purpura, pain, hyperpigmentation, or systemic symptoms (10). 

E If the history and physical examination are unrevealing, a 
limited laboratory evaluation consisting of a complete blood 
count with differential, urinalysis, erythrocyte sedimenta- 
tion rate, thyroid-stimulating hormone, and liver panel is 
reasonable to screen for occult conditions. 


Management 


E After the initial evaluation, the management of urticaria and 
angioedema becomes primarily symptomatic. Known trig- 
gers should be avoided if possible. Mild symptoms can be 
controlled with a low-sedating antihistamine (Table 39.2). 
Athletes with exercise-induced symptoms only, such as cho- 
linergic urticaria, can take the antihistamine 1—2 hours prior 
to exercise. Those who exercise regularly and those with 
chronic symptoms often require daily medication to prevent 
exacerbations. For moderate or poorly controlled symptoms, 
the antihistamine dose should be maximized prior to consid- 
ering add-on therapy. Additive therapies include leukotriene 
antagonists, H, blockers, and nighttime doxepin. For periods 
of moderate to severe symptoms, prednisone therapy can be 
helpful, but chronic use should be avoided because of the 
risk of long-term side effects. 


E Because food and food additives are a rare cause of chronic 
urticaria and angioedema, elimination diets are unnecessary 
unless the history pinpoints a specific food. 

E Referral to an allergist is recommended when there is suspi- 
cion of an allergic component precipitating symptoms, when 
symptoms are not well controlled with treatment, when 
there is a history of respiratory distress and hypotension sug- 
gesting anaphylaxis, or when there is severe angioedema. The 
athlete should be referred to dermatology for skin biopsy if 
urticarial vasculitis is suspected. 





ANAPHYLACTIC AND ANAPHYLACTOID 
REACTIONS 


Pathophysiology 


E Anaphylaxis is an acute, life-threatening, systemic reaction 
mediated through IgE antibodies and their receptors. It re- 
quires previous sensitization and subsequent reexposure to 
an allergen. 


E Anaphylactoid reactions are clinically indistinguishable from 
true anaphylaxis. Both are caused by massive release of po- 
tent chemical mediators from mast cells and basophils. The 
differences are that IgE antibodies do not mediate anaphy- 
lactoid reactions, they do not require prior sensitization, and 
they are less commonly associated with severe hypotension 
and cardiovascular collapse. Both are managed with the 
same treatment measures discussed here. 
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Œ Anaphylaxis includes cutaneous signs or symptoms ac- 
companied by obstructive respiratory symptoms and/or 
hemodynamic changes. Additional features include gastro- 
intestinal complaints and experiencing a “sense of impend- 
ing doom” (Table 39.6). The onset of symptoms typically 
begins seconds to minutes after the inciting cause. More 
rarely, symptoms may be delayed for up to 2 hours. 

E Approximately 80% of anaphylaxis cases have a uniphasic 
course with abrupt onset of symptoms. In the most fulmi- 
nant cases, symptoms can be followed by death within min- 
utes despite treatment. Up to 20% of patients have a biphasic 
presentation with a 1- to 8-hour asymptomatic period fol- 
lowing the acute phase. After the symptom-free period, a 
late-phase reaction ensues with recurrence of severe symp- 
toms. The late phase can be protracted, persisting for several 
hours in 28% of individuals (11). 


Evaluation 


E The diagnosis of anaphylaxis is affected by variability in the 
standard case definition. Obtaining as much information 
from the affected athlete and any witnesses will define the 
time course, severity of the reaction, and potential cause. 

E Anaphylaxis triggers include food, medications, and insect 
stings (Table 39.7). Any food exposure prior to the onset of 


Symptoms and Signs of Anaphylaxis 


Psychological 
“Sense of impending doom” 





Cutaneous 
Tingling/pruritus 
Generalized erythema 
Urticaria 
Angioedema 


Upper Airway 
Nasal congestion 
Rhinorrhea 
Sneezing 
Globus sensation 
Throat tightness 
Dysphonia 
Dysphagia 


Lower Airway 
Dyspnea 
Wheezing 
Cough 


Cardiovascular 
Lightheadedness 
Syncope 
Palpitations 
Shock 


Gastrointestinal 
Abdominal cramps 
Bloating 
Nausea/vomiting 





symptoms should be documented. Of special concern would 
be exposure to the most common food allergens, which in- 
clude eggs, peanut, cow’s milk, nuts, fish, soy, shellfish, and 
wheat. Several medications have been known to cause ana- 
phylaxis, with the most common being B-lactam antibiotics. 
Documenting exposure to prescription medications, as well 
as over-the-counter medications and supplements, is impor- 
tant. Bee-sting sensitivity should be suspected in any athlete 
with a reaction that occurs outdoors, even if the patient does 
not recall being stung. 


E Exercise-induced anaphylaxis is a rare condition associated 


with exercising within 2—4 hours after food ingestion. It is 
characterized by the usual manifestations of anaphylaxis be- 
ginning within 5-30 minutes of exercise and lasting up to 
3 hours. The medical history should explore the relationship 
of symptom onset to physical exercise to assess for this rare 
trigger. 


E The physical manifestations of anaphylaxis involve multiple 


sites, including the skin, upper airway, lower airway, and car- 
diovascular system. The physical examination should start 
by evaluating upper airway patency by listening for inspira- 
tory stridor and looking for oral or pharyngeal edema. The 


Table 39.7 | Causes of Anaphylaxis 





Idiopathic 

Medications 

Antibiotics 

Intravenous and local anesthetics 
Aspirin/NSAIDs 
Chemotherapeutic agents 
Opiates 

Vaccines 

Allergy immunotherapy sera 
Radiographic contrast media 
Blood products 

Latex 

Hymenoptera envenomation 
Foods 

Eggs 

Peanut 

Cow’s milk 

Nuts 

Seafood 

Soy 

Wheat 


Exercise 





NSAIDs, nonsteroidal anti-inflammatory drugs. 


athlete’s work of breathing and accessory muscle use can be 
used to assess their respiratory status. Auscultation may re- 
veal wheezing, indicating acute bronchospasm. A set of vi- 
tal signs is critical to patient management, looking for any 
evidence of cardiovascular or respiratory compromise. Once 
the ABCs (airway, breathing, and circulation) are assessed 
and secured, the skin can be examined for the presence of 
generalized erythema, urticaria, and angioedema. 


Acute Management 


E Initial management of anaphylaxis should always start with 


0.2-0.5 mL epinephrine (1:1,000) intramuscular (IM) or 
subcutaneous (SC), even if symptoms are mild. The IM route 
is preferred, especially in children, because SC injection may 
delay absorption. Doses may be repeated every 10—15 min- 
utes if symptoms persist. Intravenous (IV) epinephrine at 
1 pg min™ of 1:10,000 (10 pg - mL”) can be considered 
for symptoms resistant to repeated SC or IM administra- 
tion. The IV dosage can be increased to 2-10 pg - min—' for 
severe reactions. Patients on B-blockers may not respond to 
epinephrine. In these cases, glucagon 2-5 mg IM/SC is ben- 
eficial. Supportive therapy includes oxygen for hypoxemia, 
recumbent positioning and IV fluids for hypotension, and 
inhaled B-agonists or racemic epinephrine for broncho- 
spasm. Antihistamines (diphenhydramine 1-2 mg - kg—' or 
25-50 mg IV or orally) may provide additional benefit. Cor- 
ticosteroids (prednisone 0.5-2.0 mg - kg—' up to 125 mg) 
should also be considered to help prevent late-phase reac- 
tions. Neither antihistamines nor steroids should be used 
as substitutes for epinephrine. Their onset of action is 
much slower, and they are insufficient to prevent or treat 
more severe anaphylaxis with respiratory or cardiovascular 
involvement. 


Mild anaphylaxis cases should be observed a minimum of 
3 hours after symptoms have resolved. Severe reactions should 
be observed at least 6 hours, and hospitalization should be 
strongly considered to monitor for late-phase reactions. 


Long-Term Management 


E All patients with anaphylaxis need an action plan to include 


allergen identification, symptom recognition, and appropri- 
ate treatment. A provider knowledgeable in allergic disease 
should provide education on allergen avoidance, hidden al- 
lergens, and cross-reacting substances. All individuals should 
have an epinephrine autoinjector with them at all times and 
be educated on the indications and proper technique for its 
use. The trainer and coach should be familiar with anaphy- 
laxis recognition and epinephrine use as well. The athlete 
should wear a medical alert bracelet at all times, indicating 
their condition and allergy if known. 


Because there are no measures proven to prevent exercise- 
induced anaphylaxis, affected athletes should never exercise 
alone. Pretreatment with antihistamines is not effective. The 
primary preventative strategy is to avoid eating for 4 hours 


CHAPTER 39 Allergic Diseases in Athletes 263 


prior to exercise. Other measures that may limit attacks are to 
avoid nonsteroidal anti-inflammatory drugs and aspirin pri- 
or to exercise and to avoid outdoor exercise during periods 
of high humidity, temperature extremes, and the individual’s 
allergy season (18). Occasionally, skin testing can identify a 
specific food that the patient can avoid, but often the results 
are inconclusive. Athletes should carry an epinephrine auto- 
injector on their person when they do not have immediate 
access to their gear bag. They should discontinue exercise at 
the first sign of symptoms and self-administer epinephrine. 
Indications for allergy referral include when further testing 
is necessary for an unclear diagnosis or an unknown inciting 
agent, when reactions are recurrent and difficult to control, 
or when desensitization is required, such as for stinging in- 
sects or antibiotic administration. Allergists also serve as an 
important resource for athletes, parents, and coaches need- 
ing education on allergen avoidance, as well as institution or 
reinforcement of an individual’s action plan. 
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Overtraining Syndrome 


Elizabeth Gannon and Thomas M. Howard 





INTRODUCTION 








E Overtraining syndrome: This syndrome is defined as pro- 





Overtraining has been described and has been well known 
to athletes and trainers for decades. In 1923, Dr. Parmenter 
described overtraining as “a condition difficult to detect and 
still more difficult to describe. Evaluation should focus on 
training load, nutrition, sleep, rest, competition stress, and 
psychological state” (14). 

There are multiple hypotheses on the cause of overtraining. 
There continues to be research on overtraining to further de- 
fine the condition and pathophysiology and identify markers 
for diagnosis, treatment, and prevention. 

Overtraining, if left unrecognized or untreated, can result in 
injury, poor performance, and early retirement. 
Overtraining syndrome is a condition that arises along a 
continuum of fatigue. 

The diagnosis of overtraining syndrome is one of exclusion 
and often requires an extensive workup of the athlete. 
Treatment of overtraining syndrome is rest; however, it often 
requires a multidisciplinary approach involving the physi- 
cian, trainers, nutritionist, and often, a sports psychologist. 





DEFINITIONS 





Training: A series of stimuli or displacement of homeostasis 
to provide stimulation for adaptation. A progressive over- 
load in an effort to improve performance. 


Adaptation: A physiologic response to stress that results in 
an adjustment in function. 

Recovery: Period of time following a training stimulus when 
adaptation occurs, resulting in supercompensation to allow 
better performance in the future (i.e., the training effect). 
Recovery includes hydration, nutritional replenishment, 
sleep/rest, stretching, relaxation, and emotional recovery. 
Periodization: Planned sequencing of increased training 
loads and recovery periods within a training program. 


Overreaching: A short-term decrement in performance af- 
ter a period of overload (intensity or volume). This acute 
phase is thought to last 1-2 weeks. Some authors even con- 
sider overreaching to represent normal physiologic fatigue to 
overload training (2). 


longed decrease in sport-specific performance, usually 
> 2 weeks. It is manifested by premature fatigability, emo- 
tional and mood changes, lack of motivation, sleep disor- 
ders, pronounced vegetative somatic complaints, overuse 
injuries, and immune dysfunction (2,8,9). It is the result of 
prolonged heavy exercise over an extended period of time 
with inadequate recovery time between training sessions. 





PHYSIOLOGIC CHANGES 
WITH TRAINING 





Immunologic 


E Decreased salivary immunoglobulin A (IgA) 
E Increased white blood cells (WBCs), lymphocytes, natural 


killer cells, and polymorphonuclear cell (PMN) activity 


E Transient decrease in T helper/T suppressor (Th/Ts) ratio 


E Decreased serum glutamine 


Endocrine 


E Increased testosterone proportional to exercise intensity and 


muscle mass stimulating glycogen regeneration and protein 
synthesis (anabolism). 

Transient increase in cortisol relative to the duration and in- 
tensity of exercise. The stress response (catabolism). 

The ratio of free testosterone to cortisol (FTCR) repre- 
sents the balance of catabolism and anabolism. A 30% de- 
crease in this ratio may suggest inadequate recovery or 
overreaching (5). 

Norepinephrine increases before exercise (anticipation) and 
early in exercise, stimulating lipolysis. 

Epinephrine increases proportional to exercise intensity. 
Decreased sex hormone binding globulin (SHBG) produc- 
tion with intense exercise. 

Suppression of pulsatile secretion of gonadotropin-releasing 
factor (GnRH), probably affected by stress and poor 
nutrition. 

Growth hormone peak secretion at night and with exercise 
~50% VOomax, blunted response with intense exercise. 
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EPIDEMIOLOGY 





E Overtraining affects 5%—15% of elite athletes at any one time 
and as much as two-thirds of runners during an athletic ca- 
reer. It may also be seen in amateur athletes. 


E More commonly seen in endurance events, such as swim- 
ming, cycling, or running. Overtraining in powerlifters is 
probably different. 

E Susceptible athletes include highly motivated, goal-oriented 
individuals; athletes who design exercise programs by them- 
selves; and athletes that tend to be focused, conventional, and 
conservative. 





HYPOTHESES 





E Glycogen depletion: Chronic nutritional deficiency and ex- 
tensive periods of heavy training lead to glycogen depletion 
in muscles, resulting in peripheral fatigue. Central fatigue 
is interrelated to changes in branched-chain amino acids 
(BCAAs); see central fatigue hypothesis (18). 


E Central fatigue hypothesis/BCAA hypothesis: Peripheral 
fatigue and nutrient depletion lead to the consumption of 
BCAAs with subsequent change in the BCAA to free tryp- 
tophan ratio in plasma. This favors transport of tryptophan 
into the central nervous system. Tryptophan is a precursor 
for serotonin 5-hydroxytryptamine, which causes central fa- 
tigue (1,6). 

E Autonomic imbalance: An increase in sympathetic activity 
from stress and overloaded target organs and increased ca- 
tabolism leading to decreased sympathetic intrinsic activity. 
Chronically increased catecholamine levels causes downreg- 
ulation of receptors and fatigue (12). 

E Glutamine hypothesis/immune dysfunction: Overload 
training leads to depressed glutamine production from 
stressed muscle tissue. Glutamine deficiency, as well as acute 
exercise stress on the immune system, creates an immuno- 
logic open window leading to repeated minor infections and 
systemic stress (19). 


E Cytokine hypothesis: Incomplete recovery of locally dam- 
aged tissue causes a local inflammatory response that be- 
comes systemic with elevated proinflammatory cytokines 
interleukin (IL)-18, tumor necrosis factor-a, and IL-6. 
These cytokines cause central nervous system fatigue (17). 





CATEGORIES OF OVERTRAINING 





E Sympathetic overtraining: Probably represents early over- 
training. It is manifested by increased resting heart rate (HR) 
and blood pressure, loss of appetite, loss of lean body mass 
(LBM), irritability, sleep disturbances, and fatigue (5). 
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E Parasympathetic overtraining: Probably represents more 
chronic state, prolonged overtraining. It is manifested by low 
resting HR and blood pressure, sleep disturbances, depressed 
mood, and fatigue (5). 


Physical Findings 


E Elevated resting HR (usually > 10 beats per minute [bpm] 
over baseline) 


E Decreased LBM 
E Depressed mood on various evaluation tools 


E Otherwise normal physical exam 


Differential Diagnosis 


Common Causes 


E Caffeine withdrawal, environmental allergies, exercise-induced 
bronchospasm, infectious mononucleosis, insufficient sleep, 
iron deficiency with or without anemia, overtraining, perfor- 
mance anxiety, mood disorder (anxiety, depression, adjustment 
reaction), psychosocial stress, and upper respiratory infection 


Less Common Causes 

E Dehydration, diabetes mellitus, eating disorder, hepatitis (A, 
B, or C), hypothyroidism, inadequate carbohydrate or pro- 
tein intake, lower respiratory infection, medication side effect 
(antidepressants, antihistamines, anxiolytics, B-blockers), 
postconcussive syndrome, pregnancy, and substance abuse 


Relatively Rare Causes, but Important 

E Adrenocortical insufficiency or excess, congenital or acquired 
heart disease, arrhythmia, bacterial endocarditis, congestive 
heart failure, coronary heart disease, human immunodeficiency 
virus, malabsorption, lung disease, Lyme disease, malaria, ma- 
lignancy, neuromuscular disorder, renal disease, and syphilis 


Evaluation (Fig. 40.1) 


First Visit 

E A thorough history focusing on chief complaint, training 
program, diet, medications, nutrition, illness, review of sys- 
tems (ROS), and an assessment of the goals of the athlete’s 
training program. 

E Initial lab studies to consider: complete blood count (CBC), 
erythrocyte sedimentation rate (ESR), metabolic panel, thyroid- 
stimulating hormone (TSH), ferritin, serum B-human chori- 
onic gonadotropin (B-hCG), monospot, and other specifically 
indicated tests based on history, ROS, and examination. 


Œ Prescribe decrease in intensity or even absolute rest for 
2 weeks. During that time, consider cross-training for enjoy- 
ment and evaluation of other confounding stressors. 


Second Visit 


E Review lab results, training over the past 2 weeks, and symptoms. 


E If improved, consider the diagnosis of physiologic fatigue 
(overreaching) and focus on adjustments to the training 


History 
Physical examination 
Dietary evaluation 


Training diary review 


Lab: CBC, ESR, TSH, Ferritin, Chem 20, UA 
(bHCG for females) 


(Consider monospot, hep panel, drug 
screen, CXR, blood alcohol, Lyme titer) 


Rx: Decrease intensity x 2-3 weeks 


Visit 2 Review results 


(2-3 weeks later) Review training over past 2-3 weeks 


not improved improved 


Pathologic Fatigue Physiologic Fatigue 


(overtrained) (overreached) 
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FIGURE 40.1: Algorithm for evaluation of fatigue in 

the athlete. bHCG, B-human chorionic gonadotropin; CBC, 
complete blood count; CXR, chest x-ray; ESR, erythrocyte sedi- 
mentation rate; Hep, hepatitis; POMS, Profile of Mood States; 
TSH, thyroid-stimulating hormone; UA, urinalysis. 


Further workup as indicated Modify schedule with periodization 


TSH 
POMS 
Nutrition consultation 
CXR 


Rx: Rest/relative rest for 3-6 weeks 


schedule with periodization, cross-training, and addressing 
the other stressors identified. 


E If no improvement, consider the diagnosis of pathologic 
fatigue or overtraining. Patients will require prolonged 
relative rest from intense training and further workup. 
Consider consulting with a sports psychologist and dieti- 
cian and further evaluation to work through the differential 
diagnosis. 





TREATMENT 





E The first line of treatment should be prevention. To try to 
prevent overtraining syndrome, review the athlete’s training 
schedule and concepts of cross-training and emphasize ad- 
equate rest and minimization of coexisting life stressors. 

Æ When prevention fails, the treatment is rest. There is no quick 
fix. An initial rest period of 2—4 weeks should be considered. 

E Life stressors should be reviewed in depth, as well as a review 
of the athlete’s diet, sleep schedule, and training and compe- 
tition schedules. 





A multidisciplinary approach is recommended. Consultation 
with a nutritionist and sports psychologist can be beneficial. 


Close monitoring of the athlete is recommended. Upon 
return to practice and competition, the athlete should pay 
careful attention to sleep, nutrition, social stress, and com- 
petition stress with slow advancement of training. The se- 
quence of advancing activity should focus on frequency, then 
duration, and finally the intensity of the sessions. 





MONITORING 





Poor markers for overtraining include body mass, hemoglo- 
bin, ferritin, and creatine phosphokinase. 

Indicators of inadequate recovery, but not necessarily over- 
training, include FTCR ratio decrease > 30%, a decrease in 
SHBG, and a glutamine-to-glutamate level < 3.58 (7,16). 
Psychiatric indicators generally change before biologic markers. 


Good markers for monitoring: Athletes, trainers, and 
coaches often use baseline HR. An increase of > 10 bpm 
from baseline is considered abnormal. This rise represents 
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an imbalance between sympathetic and parasympathetic 
systems with heightened sympathetic tone (3). In the past, 
this was not considered to be a great monitoring tool because 
of considerable confounding factors. 

E Increase in HR variability also indicates inadequate recov- 
ery (15). 

E Monitor performance in time trials and standard exercise 
challenges. 

E Foster (4) described a “session RPE,” or rating of perceived 
exertion, as the athlete’s self-described intensity of the train- 
ing session multiplied by the duration of the session. Daily 
mean load and standard deviated (SD) can be calculated to 
quantitative monotony (daily mean/SD) and strain (weekly 
load X monotony) (4). 

H Psychological tools: Profile of Mood States (POMS) — 
65 questions assessing 5 negative mood states (tension, de- 
pression, anger, fatigue, and confusion) and 1 positive mood 
state (vigor) (13). 

E Total Quality Recovery (TQR) action and RPE scales (11). 

E Action: A total score in 4 major areas of recovery 

Q Nutrition/hydration: 10 points 

Q Sleep/rest: 4 points 

Q Relaxation/emotional support: 3 points 





Q Stretching/active rest: 3 points 


E Perceived: A reverse Borg RPE scale of perceived recovery 
(Table 40.1) 


E Recovery-Stress Questionnaire for Athletes (RESTQ-Sport) 
(10): 90-question survey tool answered on a Likert-type scale 
to assess training stress and recovery 


Table 40.1 | Total Quality Recovery Action 


Rating of Perceived Exertion Total Quality Recovery 
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PREVENTION 





Individualized and variable training programs 
Coaching and supervised training 

Periods of “time out” 

Cross-training 

Reasonable goal setting (short- and long-term) 


Relaxation and visualization techniques or use of a sports 
psychologist 
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INTRODUCTION 





ŒE Medical problems lead to approximately 70% of the visits 
that athletes make to doctors. 

E Many athletes, particularly those older than age 35, have 
chronic medical problems. 

E In recent decades, obesity, diabetes, hypertension, and asth- 
ma have increased in frequency in youth and adolescents. 
This chapter provides an overview of principles of healthy 
exercise in athletic individuals who have some of the more 

common chronic diseases. 





OBESITY 





E According to data from the National Health and Nutrition 
Examination Survey (NHANES) obtained in 2007-2008, 
approximately 32.2% of men and 35.5% of women in the 
United States are obese. Overall, 68.0% of Americans are either 
overweight or obese (body mass index [BMI] > 25.0) (34) 

H In 2007-2008, an estimated 16.9% of children and adoles- 
cents between ages 2 and 19 were obese — an increase from 
5.0% in 1971-1974 and 10.0% from 1988-1994 data (85). 
(NHANES data) 

E Obesity contributes to excess morbidity and mortality from 
hypertension, Type 2 diabetes, coronary artery diseases, 
stroke, gallbladder disease, sleep apnea, and osteoarthritis. 
Cancers with an increased frequency in obese individuals in- 
clude endometrial, breast, prostate, and colon cancers (82,91). 

E Centripetal obesity in which the waist-to-hip ratio is high indi- 
cates a subset of individuals at much higher risk of cardiovascu- 
lar diseases (91). Generally a waist circumference of > 35 inches 
in women and > 40 inches in men is considered high risk (82). 

E Some over weight athletes have achieved high levels of sports 
success. In sports, including football, weight throws in track 
and field, heavyweight wrestling, and power lifting, excessive 
weight has generally been considered advantageous. 

E Athletes often pursue strategies that lead to dietary excess 
and pose health risks when they are trying to gain excessive 
weight. These may include diets with excessive high fat and 
high glycemic foods. 








Obesity has direct consequences in sport, for example, a 
much greater risk of heat illness during competition (50). 
The odds of sustaining a musculoskeletal injury increase 
with BMI. Overweight individuals are 15% more likely and 
those with Class III Obesity (BMI > 40) are 48% more likely 
to have an exercise-related injury (33). 

Highly competitive athletes may need to consume 1,500- 
2,000 excess calories daily during intense training. Dietary 
calorie consumption appears to be a learned behavior and 
appetite often does not decline with a reduction in activity 
levels in the off-season or after retirement (56). This can 
quickly lead to obesity. 

All forms of muscular activity burn calories, but aerobic 
activity generally serves as the backbone of a weight-loss 
program. Individuals on a strength-training program or on 
a mixed exercise program may show comparable weight loss 
with a well-designed, vigorous program. 

Most weight loss occurs with decreased caloric intake, but 
sustained physical activity is important in maintenance of 
weight loss (82). 

A combination of a reduced calorie diet and increased physi- 
cal activity has strong evidence as an effective way to achieve 
weight loss (80) (based on meta-analysis of 15 randomized 
controlled trials [RCTs]) 

Nonathletes have trouble losing weight on an exercise pro- 
gram alone perhaps because effective weight loss through ex- 
ercise requires a consistent moderate-to-high level of activity. 
Epidemiologists note that we have seen a dramatic gain in 
weight of Americans in the last 2 decades; a period with a 
modest increase in calorie consumption but a dramatic de- 
cline in physical activity. 





DIABETES 





E As of 2007, 23.6 million Americans had diabetes with an ap- 


proximate 5.7 million of those undiagnosed (22). 


Cardiovascular Benefits 


E Diabetes mellitus is considered a cardiac equivalent because 


of the strong association of this disease with cardiovascular 
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problems. Maintaining a good fitness level lowers the risk of 
cardiac death and is associated with longevity (11). 

In a large group of diabetics, walking at least 2 hours a 
week lowered cardiovascular mortality rates. This level of 
walking prevented 1 death per year for every 61 patients 
(41). A similar study demonstrated patients who per- 
formed moderate-to-vigorous exercise had a 40% lower 
risk of cardiovascular disease than those who did not 
exercise (47). 

Aerobic exercise mildly lowers systolic and diastolic blood 
pressure (119). Aerobic exercise may also delay or prevent the 
development of hypertension. Good control of blood pres- 
sure (BP) lessens the risk of complications in diabetic patients. 
Aerobic exercise improves lipid profiles. In a meta-analysis of 
> 4 weeks aerobic exercise, high-density lipoprotein (HDL) 
was shown to increase 9% and triglycerides to decrease by 
11% — other effects were not statistically significant (54). 
A focused meta-analysis in diabetics (220 patients) revealed 
a statistically significant reduction of 5% in LDL with more 
than 8 weeks of aerobic exercise (53). 

Diabetics are encouraged to perform 30-60 minutes of 
moderate-intensity exercise most days of the week. 


Improved Metabolic Control 


ŒE A meta-analysis of 14 studies (12 aerobic and 2 resistance) 


demonstrated exercise leads to a statistically significant 
reduction in hemoglobin Alc levels (13). 


Another meta-analysis showed all types of exercise lead to sta- 
tistically significant reductions in hemoglobin A Ic levels (109). 


Exercise improves insulin sensitivity in liver, muscle, and fat 
cells (117). 


A single exercise session has been shown to increase insulin 
sensitivity for 16 hours (59). 


A strong benefit of exercise may help individuals with impaired 
glucose tolerance and lead to prevention of diabetes (23,114). 


Reduced Morbidity and Mortality 


E An epidemiologic study following male with Type 1 diabetics 


for 20 years shows those who participated in high school or 
college sports had lower mortality and lower incidence of 
macrovascular disease than sedentary counterparts (63). 


Improved Self-Esteem 


E Exercise has a positive effect on the self-esteem of diabetic 


patients and allows many to cope better with physical and 
emotional stress. 


Scientific Consensus on Exercise Activity for 


Type 2 Diabetes 


E The American College of Sports Medicine” (ACSM) and 


the American Diabetes Association have concurred that 


physical activity has major benefits for individuals with 
Type 2 diabetes. 

E Physical activity coupled with diet helps lessen risk of de- 
veloping Type 2 diabetes in obese individuals by as much 
as 58%. 

Œ Physical activity now has strong evidence for benefits of 
management in almost all target areas that complicate dia- 
betic care (23). 





HYPERTENSION 





E The National High Blood Pressure Education Program 
recommends the evaluation of BP using percentiles based on 
age, height, and gender for children and adolescents (81). 


Œ Prehypertensive values are systolic or diastolic pressures 
between the ninetieth and ninety-fifth percentiles or if BP 
exceeds 120 mm Hg systolic or 80 mm Hg diastolic. 

E BP above the ninety-fifth percentile for age-adjusted norms 
is considered hypertension (79). BPs above the ninety-ninth 
percentile of age-adjusted norms are considered severe 
hypertension. 

E For adults, any levels above 140 systolic or 90 diastolic indi- 
cate hypertension. 

E BP is a product of cardiac output multiplied by periph- 
eral resistance. Peripheral resistance must fall dramati- 
cally during exercise or else BP rises excessively since 
increasing physical activity requires a higher cardiac out- 
put than rest. 

E In patients whose BP rises too dramatically during dynamic 
exercise, the relative risk of subsequent hypertension is 
higher (112,120). 

E Heavy-resistance exercise particularly weight lifting can 
cause dramatic rises in BP that are transient (66). 

E A meta-analysis of 54 clinical trials of aerobic exercise showed 
reductions of systolic and diastolic BP in both hypertensive 
and normotensive individuals (119). 

E The Osaka Health Survey demonstrated that a daily walk 
of 20 minutes or more reduced the risk of hypertension in 
men. In fact, for every 26 men who walked, 1 case of hyper- 
tension was prevented (42). Vigorous exercise for as little as 
30 minutes, just once weekly, also reduced risk. 

E Endurance exercise lowers BPs of hypertensives by 5-7 mm 
Hg after an exercise session or following a period of exercise 
training (92). BP can remain reduced for up to 22 hours fol- 
lowing a bout of endurance exercise. The greatest decreases 
occur in those with severe hypertension. 


E The ACSM recommends performance of low-to-moderate 
exercise (e.g, walking), at 40%-59% of oxygen reuptake 
reserve (VO)R), 4-7 days per week, for a total of at least 
30 minutes daily (92). 

E Most resistance exercise seems to benefit hypertensive ath- 
letes, although maximal resistance efforts pose theoretical 


risks. Resistance exercise can supplement endurance activi- 
ties (92). 

E The ACSM recommends that resistance training in hyper- 
tensive patients be mixed with aerobic activity (92). 





CORONARY ARTERY DISEASE 





E Patients with known coronary artery disease (CAD) can 
reduce their risk of coronary events by maintaining high 
fitness levels (76). 


Œ Moderate exercise is recommended for individuals with 
CAD, and the individual’s exercise capacity should be mea- 
sured by exercise tolerance testing. 


E Formal cardiac rehabilitation programs help coronary artery 
disease patients get started on a therapeutic exercise regimen. 


E Patients with CAD who develop the fitness to achieve a 10.7 
metabolic equivalent (MET) level workload have a normal 
age adjusted mortality rate (76). 

E Recent research suggests that exercise lowers C-reactive pro- 
tein (CRP) levels. Athletes, such as swimmers and runners, 
have significantly lower CRP levels than the average individ- 
ual and the more intensely they train, the greater the decline 
in their CRP level. Speculation centers as to whether this may 
be one of the mechanisms by which exercise lowers the risk 
of cardiovascular disease (122). 


E The American Heart Association and the American College 
of Cardiology recommend 30 minutes of moderate intensity 
aerobic exercise per day, 5—7 days per week (107). Resistance 
training can supplement these exercises 2 days per week. 

E High-risk patients (e.g, those with recent acute coronary 
syndrome or revascularization or heart failure) should be 
medically supervised during exercise (107). 





EXERCISE POSTCEREBRAL 
VASCULAR ACCIDENT 





E Exercise is important in primary and secondary prevention 
of cardiovascular and stroke risk. A study of over 16,000 men 
found an inverse relationship between cardiovascular fitness 
and stroke mortality (65). 


E Poststroke patients often suffer from weakness, paralysis, 
sensory loss, and decrease overall exercise capacity. A study 
by Mackay-Lyons revealed in less than 1 month after stroke, 
patients developed a significant compromise in exercise 
capacity (67). 

ŒE Poststroke patients who increase activities of daily living 
(ADL), showed a significant increase in peak oxygen intake 
(39). Additionally, poststroke patients’ training on tread- 
mills showed significant improvements of VOzmav gait and 
overall functional mobility, balance, and muscular activity 
(64,68). A supervised exercise program for stroke survivors 
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with multiple comorbidities is effective at improving fitness 
while potentially decreasing risk of further disease and 
disability (100). 

Strength training can safely be used in most poststroke rehabil- 
itation to improve muscle strength and overall balance (100). 
Caution should be used in patients with uncontrolled hyper- 
tension, as well as avoidance of excessive weight and Valsalva. 
The oxygen cost of exercise in hemiplegic patients is up to 
2 times that of controls. This can lead to inactivity and sec- 
ondary deconditioning, atrophy, osteoporosis, and impaired 
leg circulation (87,118). 

Role for exercise during immediate poststroke period is lim- 
ited by increased risk of recurrent stroke and secondary car- 
diac complications. 

Exercise becomes increasingly important beyond the first 
several months to increase aerobic capacity and sensorimo- 
tor function (43,68,96,106). 

Aerobic conditioning can enhance glucose regulation, mo- 
bilization of fat stores, BP, CRP, triacylglycerol (TG), total 
cholesterol (TC), low-density lipoprotein (LDL), and high- 
density lipoprotein (HDL) (36). 

There is inconclusive data relating exercise to prevention of 
secondary strokes. 

Role and timing of exercise stress testing poststroke is 
controversial. 


RCT of 88 men with CAD and disability (two-thirds were 
stroke victims) who completed a 6-month home exer- 
cise training program showed significant increases in peak 
left ventricular ejection fraction and HDL cholesterol and 
decreases in resting heart rate and total serum cholesterol. 


Six months of treadmill aerobic exercise allowed patients to 
perform ADL at submaximal energy expenditure (68). 


RCT of 42 hemiparetic stroke survivors demonstrated that 
they could increase their fitness by a magnitude similar to 
that of healthy controls in similar programs. Aerobic train- 
ing 3 times weekly for 10 weeks improved peak oxygen con- 
sumption, workload, submaximal blood pressure response, 
exercise time, and sensorimotor function. 


Fewer than 50% of patients reliably have their risk factors 
assessed, treated, or controlled (24). 


Exercise trainability may be comparable to that of age- 
matched controls (16,35,68,96,100). 


Aerobic exercise can help improve risk factors. 


Recommended exercise strategies involve large muscle ac- 
tivities, such as walking, treadmill, stationary cycle, arm-leg 
ergometry, arm ergometry, seated stepper for 20—60 minutes 
sessions, 3—7 days per week at 40%-70% peak oxygen up- 
take/heart rate reserve, or 50%-80% of maximum heart rate 
or rating of perceive exertion of 11—14 (40). 


Flexibility stretches 2-3 days per week can help prevent con- 
tractures and improve range of motion. 

Coordination and balance activities 2-3 days weekly can im- 
prove safety during performance of ADL. 
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RENAL DISEASE IN ATHLETES M This exercise intolerance is due to increased systemic vas- 


cular resistance, which decreases blood flow to exercising 
muscles leading to reduced oxygen delivery and blood- 
Kidney Problems Associated With Exercise borne substrate availability (52). 

E Replacement of thyroxin is the mainstay of treatment. 





E Dehydration, hyperpyrexia, hyperkalemia, and rhabdomy- 
olysis may all occur as a result of exercise and may lead to 
renal damage (32). 

E Rhabdomyolysis, especially in untrained athletes, can lead to Hyperthyroidism 
renal ischemia and nephrotoxins (86). 


E Exercise is safe when adequate replacement is maintained. 


E Hyperthyroidism is associated with decreased exercise toler- 
ance (70). 

E Higher blood lactate, depletion of glycogen, and relative 
hyperthermia may all contribute to decreased performance 
that is due to mitochondrial dysfunction (52,83). 


Œ Subsets of athletes, such as those with sickle cell trait, may 
have higher risk for rhabdomyolysis and renal failure. 

Œ Cardiovascular disease accounts for most deaths in patients 
with end stage renal disease (ESRD) (115). 

E VO, peak (peak oxygen uptake) has been purported to 
strongly predict survival in ESRD patients (105). Patients 
with CKD (chronic kidney disease) have significantly 
reduced VO, peaks in comparison to age and gender 
matched controls. Moderate exercise (< 60% VO, peak) 
for 10-20 minutes can produce modest improvements, 
although CKD patients do not reach predicted VO, peak. 


E Patients with hyperthyroidism have an increased heart rate, 
blood volume, left ventricular stroke volume, ejection frac- 
tion, and cardiac output, as well as decreased systemic vascu- 
lar resistance at rest (52). 

E They have an overall increased preload and decreased after- 
load (52). 

ŒE When patients with hyperthyroidism exercise, they have an 
impaired inotropic and chronotropic response to incremen- 
tal exercise leading to a plateau in exercise capacity (52). 


E CKD negatively affects skeletal muscle function, including 
atrophy, derangement, and abnormal mitochondria (39). 
E Resistance training can increase muscle size and strength on 


a low-protein diet (20). E Patients with hyperthyroidism reach anaerobic threshold 


faster than controls showing a lower increase in heart rate 
from baseline (which is elevated at baseline) to the anaerobic 
threshold, as well as increased respiratory rate when com- 
pared to controls (51). 


E Combined cardiovascular and resistance training helps im- 
prove cardiovascular function, strength, endurance, and 
muscle size. This exercise regimen produced greater increases 
in VO, peak likely via effects of resistance training on skeletal 


muscle function, which thereby improved VO) peak (10). E £-blockers can be helpful in the treatment of hyperthyroid- 


ism but may have a negative effect on performance and are 


E Contraindications to exercise in CKD include systolic ; : : 
banned for specific sports under Olympic regulations. 


BP > 200 mm Hg, diastolic pressure over 110 mm Hg, elec- 
trolyte abnormalities, recent myocardial infarction, or recent 
change in the electrocardiogram (10). 


E Exercise is safe after appropriate treatment and close 
supervision. 


Prevention of Renal Disease 





OSTEOPOROSIS 





EŒ Adequate hydration is important in minimizing muscle 
damage, promoting myoglobin elimination, and maintain- 


ing renal blood flow. E Approximately 10 million people in the United States have 
EŒ Athletes reduce the risk of rhabdomyolysis and secondary osteoporosis with several million more having osteopenia. 

renal failure through adequate fluid intake, avoidance of Eighty percent of people with osteoporosis are women. One 

excessive heat stress, not exercising at the time of febrile illness, out of every 2 women and 1 in 4 men older than 50 will break 

appropriate carbohydrate intake to avoid glycogen depletion, a bone in their lifetime due to osteoporosis (2). 

and exercising within the limits of their muscular tolerance. E Exercise at an early age is important to develop adequate 


bone density. Multiple studies on young men and women 
have shown that both resistance and endurance exercise 








THYROID DISEASE IN ATHLETES programs can lead to site-specific increases in bone mineral 
density (BMD) (38,108). BMD is reported to be higher in 

Hypothyroidism athletic young adults than in their sedentary peers (57). 
E A Cochrane meta-analysis of 18 RCTs demonstrated aero- 
E Hypothyroidism and subclinical hypothyroidism are associ- bics, weight bearing, and resistance exercises were effective 
ated with decreased exercise tolerance (19,70). at increasing the BMD of the spine. Walking increased the 
E Patients often develop muscle weakness, cramps, and fatigue, BMD of the hip and aerobic exercise increased the BMD of 


which is worse in elderly patients (52). the wrist (12). 


Exercise appears to lower risk of fractures in addition to 
increasing BMD. In a prospective study of 61,200 women, 
moderate levels of activity (walking > 4 hours a week) were 
associated with substantially lower risk of hip fracture in 
postmenopausal women (compared to < 1 hour a week) (31). 


It is recommended that women with osteoporosis exercise 
3-5 times a week at moderate to high intensity for 30-60 min- 
utes a day. Exercise should comprise weight-bearing activities 
3-5 times a week and resistance exercise 2—3 times a week (1,2). 
Exercise goals for individuals with osteoporosis include re- 
ducing pain, increasing mobility, improving muscle endur- 
ance, balance, and stability in order to improve the quality of 
life and reduce the risk of falling. 

Exercise should not take the place of other treatments for 
osteoporosis (i.e., bisphosphonates) if medically necessary. It 
should instead be a component of osteoporotic therapy. 





EPILEPSY 





Older data estimated that less than 5% of individuals with 
epilepsy participate in a regular exercise program (77). Par- 
ents, coaches, physicians, and epileptics themselves often 
limit participation in exercise for fear of uncontrolled sei- 
zures, embarrassment, or because of ignorance about the 
disease. Education and improved medical control allow 
more patients with epilepsy to participate in sports. 

Exercise helps to reduce overall seizure susceptibility, reduce 
anxiety and depression, and lead to improvements in quality 
of life and integration into society (8). 

Possible causes of decreased seizures with exercise are 
B-endorphin release, lowered blood pH after lactic acid re- 
lease, increased gamma-aminobutyric acid (GABA) concen- 
tration, or increased mental alertness and attention. 

Some studies have shown that seizure frequency can increase 
in the postexercise period (46,77). 


In general, in a patient with regular seizures, the following 
activities should be avoided: scuba diving, boxing, auto rac- 
ing, gliding, aviation, parachuting, archery, and riflery. Other 
water sports should be performed with direct supervision 
(7). Athletes who are well controlled can generally partici- 
pate in all sports (including contact and collision sports). 
Exercise improves self-esteem and the overall sense of well- 
being in epileptics (77,78). In a population where isolation 
and depression are common, participation in exercise may 
improve self-worth and social integration. 





CEREBRAL PALSY (CP) 





E In patients with CP and other chronic neuromuscular 


syndromes, physical therapy is a mainstay in treatment. 
Therapy enhances motor development and minimizes the 
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development of contractures. Emphasis is generally placed 
on range of motion, both passive and active. Neuromuscu- 
lar electric stimulation has been added to improve mobility, 
control muscular movements, increase strength, and to de- 
crease spasticity. The effectiveness of physical therapy, how- 
ever, is uncertain. 

E Strength training has been avoided in cerebral palsy owing to 
a theory that it can lead to increased spasticity in antagonist 
muscles; however, multiple studies have shown that in mild- 
moderate spastic CP, strength training can improve motor 
skills and strength without decreased range of motion or 
increased spasticity (28). In addition, strength training may 
lessen the amount of bone loss that frequently occurs in less 
mobile CP patients (28). 

Œ Aerobic exercise has been studied minimally in CP patients; 
and, studies show that many patients with cerebral palsy do 
not participate in aerobic activities (25). Horseback riding 
and swimming are often activities offered for patients with 
cerebral palsy. Aerobic exercise in CP has been shown to 
increase fitness level and VOzma- while also improving 
patient’s social skills, behavioral and emotional problems, 
and overall sense of well-being (101). 


E Caution must be used in planning an exercise program 
for patients with CP. Scoliosis, contractures, chronic 
arthritis, and risk of hip subluxation can limit patient’s 
physical ability. Likewise, patients often suffer from 
sensory defects, such as poor vision. Lastly, behavioral 
and emotional maladjustments may require special 
accommodations (121). 


EXERCISE-INDUCED ASTHMA 
(EIA) / EXERCISE-INDUCED 
BRONCHOCONSTRICTION (EIB) 





E EIA describes those with persistent or chronic asthma who 
also get bronchospasm with exercise (4,89,90). 

E EJB refers to the phenomenon of transient airway narrowing 
that occurs during or after physical exertion in those patients 
who have bronchospasm with exercise with no previous his- 
tory of asthma (4,48,89,90). 

E As many as 90% of known asthmatics exhibit some form 
of exercise-induced airway compromise, or EIA (72,90). 
EIB occurs in 10% of patients without known asthma or 
atopy (55). 

E Symptoms include wheezing, cough, chest pain, shortness of 
breath, and/or chest tightness (60,61,69,102,111). 

E EIB is defined as a decrease in lung function, usually greater 
than a 10% fall in FEV}, occurring within 30 minutes af- 
ter vigorous exercise, at a power output, which elicits 85% 
or more of maximal O, consumption for 4- to 10-minute 
periods (69,95,102,103). 

E The exact pathogenesis of EIB is poorly understood. 
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There are 2 prevailing hypotheses: 

The “water loss theory” proposes that hyperventilation as- 
sociated with strenuous exercise leads to loss of water 
through the epithelium of the bronchial mucosa. Water loss 
leads to changes in intracellular osmolarity, pH, and tem- 
perature, producing inflammation and bronchoconstriction 
(5,6,95,111). 

The “respiratory heat exchange theory” suggests that heat is 
transferred from the bronchiolar blood vessels in the pul- 
monary vascular bed, with heat loss during exercise. After 
exercise, rewarming causes dilatation and hyperemia of 
the vessels with fluid leakage causing vascular engorge- 
ment with resultant inflammation and airway constriction 
(71,72,95,111). 

Exercise challenge testing can be performed in a lab setting; 
however, sport-specific field testing has been shown to be 
superior. This consists of 6-8 minutes of vigorous exercise 
sufficient enough to raise the heart rate to 85% of age- 
predicted maximum (103). 

Baseline spirometry before exercise is followed by postexer- 
cise measurements every 5 minutes for up to 30 minutes fol- 
lowing exercise termination (44,45,100,102,103). 

A fall of > 10% in FEV, is considered abnormal, and > 15% 
is considered diagnostic of EIB (44,45,100,102,103). 
Traditional methacholine challenge has low sensitivity for 
diagnosing EIB and should not be used (44,100). 

The International Olympic Committee (IOC) recommends 
eucapnic voluntary hyperpnea (EVH) challenge test to di- 
agnose EIB, which involves stimulation of ventilation with 
carbon dioxide, oxygen, and nitrogen. Specificity is very high 
(45,102). 

Although inexpensive and easy to standardize, EVH is lab de- 
pendent and available in specialized referral centers and may 
not be practical for most collegiate and high school athletic 
centers (45). 

Treatment should incorporate both nonpharmacological 
and pharmacological regimens. 

Nonpharmacologic options include induction of a relative 
refractory period prior to the exercise event and controlling 
the climatic conditions. This is generally performed at 40%- 
80% of maximum intensity for 15 minutes about 1 hour 
prior to the athletic event and has been shown to attenuate 
the EIB response (26,45,73). 

Pharmacological options include (a) short-acting B2-agonists 
(i.e., albuterol) with 2 puffs 5-15 minutes prior to exercise 
providing up to 80% protection for up to 2 hours, (b) long- 
acting B2-agonists (7.e., salmeterol) given 30-60 minutes prior 
to exercise provide similar efficacy, lasting up to 12 hours, (c) 
chromoglycans (i.e., nedocromil, cromolyn sodium) provide 
50%-60% protection for 1-2 hours but are not bronchodi- 
lators and are not effective in the acute setting, and (d) leu- 
kotriene-modifying agents (i.e., montelukast, zafirlukast) also 
provide 50%—60% protection up to 24 hours but are also not 
effective in treatment of acute bronchospasm. Theophylline 
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and short-acting anticholinergics (i.e., ipratropium) have also 
been used (61,95,111,113). 

All medications should be initiated and their use monitored 
under the supervision of a physician. 

Although only applicable to a small percentage of elite ath- 
letes, on January 1, 2010, World Anti-Doping Agency (WADA) 
implemented a number of significant changes in their policy 
for therapeutic use exception (TUE) (116). 

The key change to the policy concerns the TUE procedure 
for inhaled 82-agonists in asthma and EIB. 

All B2-agonists are prohibited except inhaled salbutamol 
and inhaled salmeterol, which only require a declaration of 
use (116). 





CHRONIC LUNG DISEASE IN CHILDREN 





Cystic Fibrosis 


Patients with cystic fibrosis are often refrain from physical 
activity due to fatigue and shortness of breath, which are 
believed to be caused by deficits in skeletal muscle aerobic 
and anaerobic capacity, muscle strength deficits, as well as 
decreased pulmonary function (104). 

Short- and long-term studies suggest that both aerobic and 
anaerobic training have a positive effect on exercise capacity, 
strength, and lung function (58). 

Strength and aerobic training both increased physical work 
capacity and patient weight (88). 

Decreased breathlessness allows greater mobility and partici- 
pation with peers in social and sporting activities, improves 
confidence and self-esteem, and creates a greater pleasure in 
life for the individual patient (15). 

Limitations in exercise performance appear related to 
the extent of lung disease and compromised nutritional 
status (97). 

Oxygen therapy during exercise improves oxygenation but 
causes a mild hypercapnia, which may not be clinically 
significant. Patients are able to exercise longer while using 
oxygen (29). 


Bronchopulmonary Dysplasia 


There is limited information concerning the exercise per- 
formance of long-term survivors of bronchopulmonary 
dysplasia. 


Bronchiectasis 


A systematic review, which included only 2 studies, found 
evidence of the benefits of inspiratory muscle training, 
which improved endurance exercise capacity and quality of 
life measured on chronic respiratory questionnaire (15). 


There was no evidence of the effect of other types of physical 
training (including pulmonary rehabilitation) in bronchiec- 
tasis (15). 

According to 1 study, left ventricular diastolic functions 
are affected in bronchiectasis, although the performance of 
patients is dependent on their pulmonary status. 





CHRONIC OBSTRUCTIVE PULMONARY 


DISEASE (COPD) IN ADULTS 





Exercise training and pulmonary rehabilitation should be 
considered for all patients who experience exercise intoler- 
ance despite optimal medical therapy (14). 

Before prescribing an exercise program, patients with COPD 
require careful evaluation to assess cardiac risk and exercise 
capacity (75). 

The 3 medical determinations that would preclude patients 
with COPD from exercising include corpulmonale, resting 
hypercapnea, and dyspnea at rest (32). 

Studies consistently demonstrate that peripheral muscles are 
weak in patients with COPD exhibiting effort-dependent 
strength scores that are 70%—80% of these measures in age- 
matched healthy subjects (110). 

In COPD patients, up to 40% of total oxygen intake during 
low-level exercise is devoted to the respiratory muscles, com- 
pared to 10%—15% in healthy persons (75). 

Exercise tolerance may improve following exercise train- 
ing because of gains in aerobic fitness, peripheral muscle 
strength, enhanced mechanical skill, efficiency of exercise, 
improvements in respiratory muscle function, breathing 
pattern, and lung hyperinflation while decreasing anxiety, 
fear, and dyspnea associated with exercise (14). 

Pulmonary rehabilitation improves symptoms of dyspnea 
and health-related quality of life while decreasing the num- 
ber of hospital days, hospital admissions, and other health- 
care utilization (98,99). 

Exercise training of the muscles of ambulation is highly recom- 
mended as a component of pulmonary rehabilitation (99). 
Both low- and high-intensity exercise training leads to clini- 
cal benefits for patients with COPD. Strength training also 
increased muscle strength and mass (99). 

Unsupported endurance training of the upper extremities is 
beneficial for patients with COPD, even though this type of 
exercise leads to faster fatigue (99). 

There is insufficient evidence to suggest that exercise im- 
proves survival (99). 

Oxygen should be used during exercise in patients who 
develop severe exercise-induced hypoxemia but can also be 
used in patients without exercise-induced hypoxemia to im- 
prove endurance (84,99). 

Short-acting bronchodilators have little effect on exercise 
capacity while long-acting bronchodilators reduce dyspnea 
associated with moderate exercise intensity (3). 
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OSTEOARTHRITIS 





E Patients with arthritis have substantially worse health-related 
quality of life than those without arthritis (21). 

E The Centers for Disease Control and Prevention advocate 
physical activity for patients with arthritis recommend- 
ing 150 minutes of moderate-intensity aerobic activity or 
75 minutes of vigorous activity in addition to muscle strength- 
ening activities at least 2 days per week in all adults (93). 

E There are limited high-quality studies that have reviewed long- 
term outcomes on exercise therapy and osteoarthritis (74). 

E Systematic reviews of exercise for hip osteoarthritis are very 
limited but suggest that exercise programs may reduce pain 
slightly but may not improve physical function (37). 

E There is high-quality level of evidence that land-based exercise 
has short-term benefits for patients with osteoarthritis of the 
knee by reducing pain and improving physical function (37). 

H Patients with osteoarthritis of the knee benefit from both 
high- and low-intensity aerobic exercise training, which sig- 
nificantly improves their functional status, gait, pain, and 
aerobic capacity (17). 

E Both high- and low-resistance training improves muscle 
strength, as well as self-reported measures of pain and physi- 
cal function for knee osteoarthritis (49,62). 


E Strength training of the whole body appears to be more ben- 
eficial than limiting work to the muscles around the affected 
joint (27). 

E Aquatic exercises may have some beneficial short-term ef- 
fects for patients with hips and or knee osteoarthritis. How- 
ever, no long-term effects have been studied to date (9). 

E The benefits of exercise therapy do not appear to be sustained 
in the long-term (> 6 months) for knee and hip osteoarthritis 
unless the patient continues to exercise (94). 

E Data from the Fitness Arthritis and Seniors Trial suggested 
that beneficial effects of exercise on functional capacity in 
osteoarthritis patients are independent of exercise type (30). 

E High-impact activities that include running and jumping 
may be detrimental for established osteoarthritis of lower 
extremity joints (18). 
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HYPOTHERMIA 





Definition 


Hypothermia occurs when the body’s core temperature 
drops below 35°C (95°F). 


Epidemiology 


Individuals younger than 2 years of age and older than 
60 years of age are most at risk. 

Increasing homelessness and sports activities in inclement 
environments have contributed to an increased incidence of 
hypothermia in the past decade. 

Risk factors include the use of intoxicants, psychiatric illness, 
medical illnesses, sleep deprivation, dehydration, malnu- 
trition, and trauma. Impaired judgment resulting from 
psychiatric illness or the use of ethanol is the most common 
predisposing factor (8). 


Pathophysiology 


The body combats the fall in core temperature through shiv- 
ering thermogenesis and increased gluconeogenesis. When 
the core temperature drops below 35°C, the victim becomes 
poikilothermic and cools to the ambient temperature. 
Central nervous system (CNS) function is directly depressed 
by the cold. The electroencephalogram (EEG) becomes 
abnormal below at temperature of 33.5°C (92.5°F) and silent 
at 19°C (66°F) (4). 

Initial reflex tachypnea continues until core temperature falls 
below 30°C (86°F). Failure of brainstem control of respira- 
tory drive and the freezing of the thoracic musculature even- 
tually lead to a cessation of breathing. 

Cold triggers peripheral vasoconstriction and tachycardia. 
Below 34°C (93°F), bradycardia, hypotension, decreased car- 
diac output, and a lengthening of cardiac electrical conduc- 
tion ensue. A J-wave (Osborn hypothermic hump) may be 


noted at the QRS-ST junction. The myocardium becomes 
increasingly irritable, and spontaneous atrial and ventricular 
dysrhythmias can occur (4). 

Below 28°C (82°F), ventricular fibrillation can develop with 
minor stimuli, such as removing a patient’s wet clothing or 
ambulance transport. 


Clinical Features 


E Nonspecific symptoms and signs predominate and mimic 


the effects of mild dementia or ethanol intoxication. The 
CNS effects of cold lead to impaired memory and judgment, 
slurred speech, and decreased alertness. Paradoxic bradycar- 
dia and hypoventilation occur despite hypotension. Multiple 
cardiac dysrhythmias develop as the core temperature falls. 
A cold-induced ileus, abdominal spasm, and rigidity can 
mimic an acute abdomen. 


Diagnosis 


E An accurate core temperature is crucial and is ideally ob- 


tained with a rectal thermistor probe. At a minimum, a rectal 
temperature obtained with a thermometer scaled for hypo- 
thermia is required. Oral and ear temperatures are grossly 
inaccurate. A core temperature above 35°C can rapidly 
exclude hypothermia. 


Hypothermia is classified as mild, moderate, or severe based 
on the core temperature (Table 42.1). 

Common laboratory findings include a falsely elevated 
hematocrit caused by dehydration, a low leukocyte count 
caused by sequestration, hyperamylasemia resulting from 
pancreatic injury, an aberrant coagulation profile, hypo- 
kalemia, and hypoglycemia caused by glycogen depletion. 
Below 30°C, insulin is rendered inactive, and a paradoxic 
hyperglycemia can ensue. 


Treatment 


E Field treatment should focus on gentle handling of the victim, 


so as to not cause cardiac dysrhythmias. Wet clothing should 
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Table 42.1 | Hypothermia Severity and Treatment 





Temperature Clinical Features Treatment 
Mild 
35°C/95°F Maximum shivering Passive external 
3376/92 Ataxia, apathy, tachypnea | Rewarming 
Passive external 
Warming 
Moderate 
32°C/90°F Stupor, shivering stops Active core rewarming 
(+ active external 
rewarming) 
Severe 
28°C/82°F Decreased ventricular Active core rewarming 
fibrillation threshold, 
hypoventilation 
14°C/57°F Lowest adult accidental Active core rewarming 
hypothermia survival 
9°C/48°F Lowest therapeutic Active core rewarming 


survival 


be removed and dry clothing or a blanket applied. Massage 
of cold-injured limbs should be avoided; it can damage frag- 
ile, frozen parts and trigger dysrhythmias. Traumatic injuries 
to the spine or limbs should be stabilized. 

An airway should be maintained and cardiac monitoring 
begun if available. If the skin is frozen, needle electrodes 
should be used or can be fashioned by passing a 20-gauge 
needle through an electrode pad into the frozen skin. If the 
patient is alert, warm, noncaffeinated beverages can be pro- 
vided. Fluid resuscitation with intravenous (IV) 5% dextrose 
in normal saline (D5NS) should be started. Lactated Ringer’s 
should be avoided because of problems with the metabolism 
of lactate by a cold-injured liver. 


Emergency room treatment should focus on rewarming of 
the patient. Defibrillation is generally limited to 1 counter- 
shock until the core temperature is raised above 30°C (86°F) 
(level of evidence [LOE] B, nonrandomized clinical trials; 
Emergency Cardiovascular Care Guidelines of the American 
Heart Association [AHA], 2010) (3). It may also be reason- 
able to perform defibrillation attempts concurrent with re- 
warming regardless of core temperature (Class IIb, LOE C, 
AHA advanced cardiac life support [ACLS] guidelines, 2010) 
(3). Medications may be less effective with severe hypother- 
mia, but it is not unreasonable to consider use of vasopres- 
sors according to standard ACLS algorithms (Class IIb, LOE 
C, AHA ACLS guidelines, 2010) (3). 

Passive external rewarming (PER) by covering the victim 
with a blanket or wrap is ideal in an alert patient whose core 
temperature is greater than 32°C (90°F). 

Below 90°F, rewarming should proceed with active core 
rewarming (ACR) concurrent with active external rewarming 
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(AER). ACR can be accomplished with IV D5NS warmed to 
40—42°C (104—108°F) or the inhalation of humidified oxygen 
warmed to 104—108°F. More invasive techniques include peri- 
toneal lavage with dialysate warmed to 104—108°F, thoracic 
lavage with normal saline at 104-108°F, or warming of the 
gastrointestinal tract with gastric/colonic lavage (LOE C). 

AER (fires, hot water bottles, and heating pads) should be 
employed when ACR has already begun to avoid the life- 
threatening risk of core temperature afterdrop. This devastat- 
ing process occurs when sudden exposure of vasoconstricted 
cool extremities to AER causes peripheral vasodilatation, a 
drop in central blood pressure, and a sudden influx of cool 
blood from the periphery to the core that can trigger dys- 
rhythmias and shock (4). Table 42.1 provides an overview of 
hypothermia severity and ideal treatment modalities (4). 


Prevention 


Good conditioning, proper nutrition, experienced lead- 
ership in backcountry environments, normal hydration, 
avoidance of ethanol or tobacco and habituation to the cold 
environment (both physiologic and behavioral), and the use 
of proper clothing help prevent hypothermia (6). 

Clothing choice centers on the 3 Ls: layered, loose, and light- 
weight. A waterproof outer layer is key. If exercise is occurring 
in a temperature of < 0°F, three-layered hand and footwear 
are optimal for the prevention of frostbite. 





FROSTBITE 





Definition 


Frostbite is freezing of tissues leading to damage. Frostnip is 
the formation of superficial ice crystals and causes no tissue 
damage. Chilblains is an autoimmune lymphocytic vasculitis, 
common in women, which leads to localized nodules or ul- 
cers on the extremities 12 hours after cold exposure. 


Epidemiology 


Frostbite is most common in active individuals from 30- 
49 years of age. High-risk outdoor activities in inclement 
environments account for a large percentage of injuries. 
Risk factors for frostbite are shown in Table 42.2. Ethanol 
and psychiatric problems underlie up to 70% of most cases 
of frostbite. The need for amputation correlates more with 
the duration of cold exposure rather than the lowness of 
the temperature. This explains why the impaired judgment 
resulting from ethanol use and psychiatric illness account for 
such a large percentage of injuries. 

Anatomic sites of injury include the following, in order of 
most common occurrence: feet and hands (90% of all frost- 
bite), ears, nose, cheeks, and the penis (a particular concern 
for runners). 
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Table 42.2 | Risk Factors for Frostbite 


Predisposing Factors 








Behavioral Organic 
Ethanol use Prior cold injury 
Psychiatric illness Wound infection 
Motor vehicle problems Atherosclerosis 
Homelessness Diabetes mellitus 
Smoking Fatigue 
Improper clothing 


High-risk outdoor activities 
(back-country skiing/ 
mountaineering) 





Pathophysiology 


E There are 3 synchronous pathways that lead to tissue dam- 
age in frostbite: tissue freezing, hypoxia, and the release 
of inflammatory mediators. Each pathway multiplies and 
catalyses the damage caused by the other pathways. Freezing 
leads to denaturation of the membrane lipid—protein matrix 
and cellular disruption. Hypoxia occurs from cold-induced 
vasoconstriction that triggers acidosis, increased viscosity, 
microthrombosis, and vessel endothelial damage. Inflam- 
matory mediators (prostaglandin F,«, thromboxane A2) are 
released from damaged endothelium, which triggers more 
vasoconstriction, platelet aggregation, thrombosis, hypoxia, 
and cell death. The same prostaglandins are found in the 
blister fluid of heat and frostbite-damaged skin (17-19). 


E The release of these prostaglandins peaks during rewarming; 
therefore, cycles of recurrent freezing and rewarming must be 
avoided to lessen the extent of injury (17-19). 


Clinical Features 


E Symptoms include numbness, clumsiness, tingling, and 
throbbing pain after rewarming. 


E The signs of frostbite were classically divided into first 
through fourth degrees. This scheme is not prognostically 
useful. It is better to distinguish between 2 types of injury: 
superficial and deep frostbite. Superficial injury is charac- 
terized by normal skin color, large blisters filled with clear 
or milky fluid, intact pinprick sensation, and skin that will 
indent with pressure. Deep frostbite shows small blood- 
filled dark blisters, nonblanching cyanosis, and skin that is 
wooden to the touch and will not indent with pressure. 


Diagnosis 


H Tissue viability is not ultimately determined until 22—45 days 
after injury. The primary utility of diagnostic tests is to help 
define tissue viability at an earlier time. 


E Doppler flow studies and angiography can determine tissue 


viability and predict the need for surgical intervention as 
early as 7 days after injury. Technetium-99m scintigraphy 
can be employed as soon as 72 hours from injury to assess 
tissue viability with a positive predictive value (PPV) of 0.84 
for viable tissue. A scan on day 7 raises the PPV to 0.92 (LOE 
A, randomized clinical trial) (7). 


E Magnetic resonance imaging/magnetic resonance angiogra- 


phy (MRI/MRA) may emerge as the optimal modality for 
early tissue assessment. 


Treatment 


E Field warming should not be instituted until refreezing can be 


prevented. The injured part should be protected with a loose 
bulky splint during transport for definitive care. Hypothermia 
should be treated first; smoking, ethanol, and massage of the 
frozen part should be avoided. Definitive emergency depart- 
ment care is outlined in Table 42.3. It is based on the work of 
Heggers et al. (14) and McCauley et al. (17). Adjuvant therapies 
with heparin, warfarin, steroids, dextran, vitamin C, and hyper- 
baric oxygen have not been proven to be helpful. Pentoxifylline 
(Trental) has been shown to be useful in pedal frostbite (13). 





HEAT ILLNESS 





Definitions 


E Heat illness is best thought of as a continuum of disease that 


progresses along a spectrum from the mild (heat cramps), 


Table 42.3 | Stepwise Treatment of Frostbite 


Treat hypothermia and any concomitant injuries. 


Rapidly rewarm the affected parts in water at 40—-42°C (104—108°F) 
until thawing is complete and the skin is pliable in texture. (Typically 
15-30 minutes of rewarming). 


Debride blisters filled with clear or milky fluid. Apply aloe vera (at least 
70%; Dermaide aloe). Cover with a bulky dressing. 


Leave hemorrhagic blisters intact. 
Splint and elevate the extremity. 


Administer ibuprofen orally at standard doses. (Avoid aspirin or ste- 
roids, but consider use of pentoxifylline 400 mg orally twice a day.) 


Give tetanus toxoid and tetanus immune globulin if > 10 years since 
last booster. 


Administer intravenous penicillin 500,000 units every 6 hours for 72 hours. 


(Clindamycin is the recommended alternative for penicillin-allergic 
patients.) 


Treat pain with parenteral narcotics as needed. 


Begin daily hydrotherapy with hexachlorophene at 40°C for 
30-60 minutes daily. 


No smoking. 
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through the moderate (heat exhaustion), to the life-threatening 
(heatstroke). Heat cramps are involuntary, painful contrac- 
tions of skeletal muscle typically occurring during or after pro- 
longed exercise. Heat exhaustion is a sign of systemic vascular 
strain in the body’s attempt to maintain normothermia; if un- 
treated, it may progress to heatstroke. Heatstroke occurs when 
heat generation exceeds heat loss, leading to a rise in core tem- 
perature and thermoregulatory failure. Classical heatstroke is 
confined to individuals without access to cool environments 
or debilitated by medical illness. Exertional heatstroke is the 
form most common in athletes and is defined by a rectal tem- 
perature > 40°C with CNS changes (LOE B, American College 
of Sports Medicine” [ACSM] 2007) (1). 


Epidemiology 


E Frequency of heat illness correlates with the wet bulb globe 
temperature (WBGT). WBGT = (wet bulb temp X 0.7) + 
(dry bulb X 0.1) + (black globe X 0.2), where the wet bulb 
represents the humidity, the dry bulb the air temperature, 
and the black globe the radiant heat. 


E Risk factors for exertional heatstroke include obesity, low 
physical fitness, dehydration, fatigue, recent episode of heat 
illness, concomitant febrile illness, sleep deprivation, wear 
of impermeable garments, lack of acclimatization, and use 
of medicines or supplements that decrease sweating and 
increase thermogenesis (antihistamines, ephedra, caffeine, 
diuretics) (15). 


Pathophysiology 


E The cause of heat cramps is unclear. Heat illness occurs 
when heat storage outpaces heat loss that leads to deleterious 
changes at the cellular level. Core temperature > 41°C leads 
to a release of many inflammatory mediators to include 
interleukin 1 (IL-1), interleukin 6 (IL-6), and tumor necrosis 
factor (TNF). These cytokines amplify cellular and endothe- 
lial damage that triggers systemic vascular collapse and mul- 
tiorgan failure. 


Clinical Features 


E Symptoms of heat exhaustion and heatstroke overlap. The 
diagnosis of heatstroke rests not on absolute temperature 
criteria; rather, it is due to the presence of an altered men- 
tal status and the progression of disease despite first-line 
treatments. Initial symptoms include headache, dizziness, 
fatigue, irritability, anxiety, chills, nausea, vomiting, and heat 
cramps. Seizures and disordered thoughts are evidence of 
heatstroke (15). 

E Signs include a core temperature greater than 40°C, 
tachycardia, hyperventilation, hypotension, and syncope. 
A lack of spontaneous cooling with cessation of exertion 
and profuse sweating that ceases despite an elevated core 
temperature are both ominous signs that point toward 
heatstroke. 


Diagnosis 


The diagnosis hinges on an elevated core temperature com- 
bined with the presence of the symptoms and signs noted 
earlier. Ideally, this temperature should be rectal. Any col- 
lapse during exertion should include heat illness in the dif- 
ferential, and early core temperature measurement is crucial. 
Of note, healthy athletes can raise their core temperature to 
39°C simply from exertion alone and be asymptomatic. 


Laboratory tests are normal until heatstroke is present. Lab 
alterations, such as increased liver function tests, disordered 
coagulation profile, leukocytosis, electrolyte disturbances, 
and evidence of acute renal failure are nonspecific and simi- 
lar to other shock states. 


Treatment 


The key is to not delay treatment while trying to determine 
where on the continuum of heat illness a particular patient 
is located. Immediate treatment increases the likelihood of 
the body’s return to normal thermoregulation and prevents 
progression to heatstroke. 


Field treatment should involve cessation of activity; removal 
to a shaded, cool environment; fluid replacement beverages; 
and fanning after spraying the patient with a cool mist. Heat 
cramps can be treated with passive stretching of the affected 
muscles (16). 

In case of altered mental status, seizures, or a core tempera- 
ture greater than 104°F, heatstroke should be presumed; 
immediate whole body cooling with cold water immersion 
is the key to a successful outcome, and the patient should 
be cooled prior to being evacuated (10). If the patient 
responds to field treatment, he or she should avoid exertion 
for at least 24-48 hours to avoid a transient, but increased 
risk of recurrent heat illness. 


Heatstroke treatment involves the 9 steps shown in Table 42.4. 
Concerns that ice water immersion would increase seizures or 
trigger shivering thermogenesis have been allayed by recent 
studies (LOE A, ACSM 2007 Position Stand: Exertional Heat 
Illness) (1). 


Five Keys to Prevention 


Acclimatization to high heat and humidity for 10-14 days 
prior to competition is ideal. The first 4-5 days are when 
2 key physiologic changes occur: changes in sweat compo- 
sition and an increase in the ability of the body to rapidly 
dissipate heat. 

Clothing should be light colored, lightweight, and offer sun 
protection. 

Medications that impair heat loss should be stopped or 
changed, for example, change antihistamines to nasal ste- 
roids to treat allergic rhinitis and stop ephedra compounds. 


E Activity planning or reduction should be based on the WBGT 


scale: < 65, low risk for heat illness; 65—72, high-risk individuals 
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Table 42.4 | Treatment of Heatstroke 





Immediate cooling. Ice water immersion is best. If not, fanning after 
misting the patient should be undertaken. Cool until rectal tempera- 
ture reaches 39°C (102.2°F). 


Avoid antipyretics. The hypothalamic set point is normal! Antipyretics 
can aggravate hepatic or renal injury. 


Avoid alcohol baths. Vasodilated skin can lead to systemic absorption. 
Monitor core temperature until it is < 38°C (100.5°F). 


Consider diazepam (5 mg) or lorazepam (2 mg) to control shivering 
and as prophylaxis against seizures. 


Monitor renal function closely. Early dialysis is indicated. 
Correct persistent electrolyte abnormalities. 


Check coagulation profile at admission and serially until 72 hours have 
passed. 


Use fresh frozen plasma (FFP) and/or platelets as needed. 


Rehydrate vigorously; monitor for fluid overload and hyponatremia. 


should be monitored or told not to compete; 72—78, risk rises 
for all; 78-82, high-risk individuals should not exercise; 82-86, 
unacclimated or unfit athletes should stop; 86-90, exercise 
should be limited for even fit and acclimated individuals; and 
> 90, all activities should stop (ACSM 2007) (1). 

E Prehydration and hydration per ACSM recommendations. 
These can be summarized for patients as follows: drink 16 oz 
of water or sports beverages several hours before exercise. 
The goal of drinking is to prevent a greater than 2% body 
weight loss and should be customized to the activity and the 
athlete. Approximately 400-800 mL (13-27 oz) per hour is 
a reasonable amount of fluid consumption to recommend. 
After exercise, replace each kilogram of weight lost with 
approximately 1.5 L of fluids (2). 


ALTITUDE ILLNESS 





Definitions and Clinical Syndromes 


H Rapid ascent past 8,000 ft leads to the onset of the physiologic 
effects of decreased oxygen concentration at altitude. These 
effects are most pronounced for those attempting exercise at 
altitude. Several clinical syndromes exist. 

B® High altitude headache (HAH) is the first symptom of altitude 
exposure. It may or may not progress to acute mountain sickness. 
B® Acute mountain sickness (AMS) is a syndrome that includes 
HAH and at least 1 of 4 symptoms: nausea/vomiting, 
fatigue/lassitude, dizziness, or insomnia. The Lake Louise 
Acute Mountain Sickness Scoring System (LLS) can be used 
as a tool to screen for AMS. High altitude cerebral edema 
(HACE) is the clinical progression of AMS, so that severe 
CNS symptoms develop, such as ataxia, altered conscious- 
ness, confusion, drowsiness, stupor, or coma. 


E High altitude pulmonary edema (HAPE) is the most common 
cause of altitude-related death. It is characterized by classic 
signs of pulmonary edema: wet cough, dyspnea at rest, weak- 
ness, and orthopnea. 


Epidemiology 


E Altitude illness is most common in the unacclimatized, 
regardless of fitness level, who ascend rapidly past 8,000 ft. 
The severity is linked to the rate of ascent, altitude attained, 
sleeping altitude, length of altitude exposure, level of exer- 
tion, and an individual’s inherent physiologic susceptibility 
that remains static despite reexposure. 


Pathophysiology 


E A rapid rate of ascent, an inappropriately slowed hypoxic 
ventilatory response to ambient hypoxia and hypercarbia, 
fluid retention, and vasogenic edema are the initial pathologic 
changes. Days later, cerebral edema, pulmonary hypertension, 
and alveolar leakage lead to death if untreated (11,12). 

E Maximal oxygen uptake (VOzmax) falls 10% for each 3,281 ft 
of altitude gained over 5,000 ft. VOomax at sea level is not 
predictive of performance at altitude. Many of the world’s 
elite mountaineers have average sea level VOzmax values. Past 
performance and personal problems with altitude illness are 
the best predictors of future performance and the need for 
aggressive preventive interventions (12). 


Differential Diagnosis 


E Any of the symptoms of AMS on ascent past 8,000 ft should 
trigger suspicion for altitude illness. Key differential diagnos- 
tic considerations include dehydration, hypothermia, and a 
viral infection. Dehydration can be differentiated by response 
to a fluid challenge. Hypothermia can be distinguished by 
a low core temperature and improvement with exertion/ 
increased body temperature. Altitude illness worsens with 
exertion. Although viral syndromes have similar symptoms, 
they are typically accompanied by fever, myalgia, or diarrhea 
and are more subacute in onset than AMS. Dyspnea at rest, 
worsening of symptoms after sleeping, and gait disturbance 
point toward altitude illness. Abnormal tandem gait is a sen- 
sitive examination finding for severe AMS progressing to 
HACE. Improvement with descent confirms the diagnosis. 


Treatment 


E Initial field treatment involves stopping the ascent and rest. 
A lack of improvement in 12 hours should lead to a descent 
in altitude. Typically, descending 1,000-3,000 ft is sufficient. 
Acetazolamide (125-250 mg twice a day) should be given. 
If available, low-flow oxygen and portable hyperbaric bags 
are helpful. Additional useful medications are ibuprofen or 
aspirin for headache and promethazine (25-50 mg) or pro- 
chlorperazine (5-10 mg) for nausea and vomiting (5,9). 
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Table 42.5 | Prevention of Altitude Illness 


Begin exertion below 8,000 ft. Spend 2-3 nights sleeping between 8,000 
and 10,000 ft before ascending above 10,000 ft. 





Sleep no more than 1,500 ft higher each day above 10,000 ft. 
Avoid alcohol or sedatives. 
Avoid dehydration or hypothermia. 


Consider acetazolamide 125-250 mg orally twice a day beginning the 
day before ascent: for any individual with a prior history of acute 
mountain sickness (AMS), when climbing above 11,400 ft, or when 
acclimatization is not possible. (Continue until after 48 hours at 
maximum altitude.) 


If Lake Louise AMS score of 3 or higher, do not ascend. Descend if 
symptoms do not improve in 12 hours. 


Reserve dexamethasone (4 mg every 6 hours) for the treatment of 
severe AMS or high-altitude cerebral edema. 





E Treatment of HACE or HAPE should include immediate 
descent and evacuation. Dexamethasone (4 mg oral/intra- 
muscular every 6 hours) for HACE and nifedipine (10 mg 
orally once followed by 30 mg of the extended-release tablet 
twice a day) should be instituted for HAPE (LOE B, nonran- 
domized clinical trial) (5). 

E Hospital treatment will also include high-flow oxygen or 
hyperbaric oxygen and loop diuretics for pulmonary edema. 
Mechanical ventilation is only required in cases of coma. 


Prevention 


E Altitude illness can be prevented by proper acclimatization. 
Physiologic changes of hyperventilation, tachycardia, eryth- 
ropoiesis, and a variety of cellular changes take from minutes 
to months to reach their peak. Recommendations for the 
prevention of altitude illness are provided in Table 42.5. 
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Head Injuries 


Carlos M. Alvarado and Dennis A. Cardone 





Head injuries are the most frequent direct cause of death in 
athletic competition (31). 

There were greater than 400,000 sports-related head inju- 
ries requiring emergency room visits in 2009 alone. Cycling, 
football, and baseball were the activities associated with the 
highest number of head injuries per 100,000 emergency 
room visits in 2009 (32). 

Injury to the head takes on a singular importance when 
we realize the brain is capable of neither regeneration nor, 
unlike many other body parts and organs, transplantation. 
Every effort must be made to protect the athlete’s head 
during competition because even minor injuries have been 
demonstrated to have lifelong cognitive effects (17). 
Football-related head injuries contribute more to fatalities 
than any other organized sport at approximately 3.4 per 
100,000 athletes (22). 

The injury rate among football players has been shown to in- 
crease with level of play, player age, and player experience (39). 
Brain injury is the most common direct cause of death among 
National Football League (NFL) players with 497 brain injury— 
related fatalities during a period from 1945 to 1999. Subdural 
hematoma (SDH) was responsible for 86% of deaths (8). 
Most brain injury-related fatalities involved an SDH sus- 
tained by high school football players while either tackling or 
being tackled in a game (8). 

Per 100,000 participants, American football is less likely to 
result in a fatal head injury when compared to horseback 
riding, skydiving, or car or motorcycle racing (1,2,21,33). 
Football has about the same risk of a fatal head injury as 
gymnastics and ice hockey (11,15). 

Other sports historically have been shown to have a high 
rate of head injury, including boxing, the martial arts, and 
rugby football, although a fatal head injury in rugby is rare 
(10,14,25,28,29,36,41). 





CEREBRAL CONCUSSION 





E Concussion comes from the Latin word concutere, which 


means to shake violently. 


E According to the Consensus Statement on Concussion in 


Sport from 2008 (28), concussion is defined as a complex 


pathophysiologic process affecting the brain, induced by 

traumatic biomechanical forces. Several common features 

that incorporate clinical, pathologic, and biomechanical 

injury constructs that may be used in defining the nature of 

the concussive head injury include the following: 

E May be caused by direct blow to head or indirect blow 
with impulsive force transmitted to head. 

E Typically rapid onset of short-lived impairment of neu- 
rologic function with spontaneous resolution. 

E Clinical symptoms largely reflect functional disturbance 
rather than a structural injury. 

E Concussion results in a graded set of clinical symptoms 
that may or may not involve loss of consciousness. 

E Resolution of clinical and cognitive symptoms typically 
follows a sequential course. 

E Postconcussive symptoms may be prolonged in a small 
percentage of cases. 

E No abnormality on standard structural neuroimaging 
studies is seen in concussion. 


According to Centers for Disease Control and Prevention, 

there are approximately 300,000 sports-related concussions 

annually. 

Rates of concussion in several popular sports are listed in 

Table 43.1 (9). 

Concussion represents 8.9% of all high school athletic inju- 

ries and 5.8% of collegiate athletic injuries (9). 

National Football League Players Association injury report 

from 2011 demonstrated a concussion rate of 5.8%; this is 

increased from 2.5% in 2002. 

These rates may be grossly underestimated because approxi- 

mately 50% of concussions sustained by high school athletes 

go unreported, making accurate determination of incidence 

difficult (27). 

The risk of sustaining a concussion in football is 4—6 times 

greater for the player who has sustained a previous concus- 

sion (12,42). 

Diagnosis of acute concussion involves an assessment of 

clinical symptoms, physical signs, behavior, balance, sleep, 

and cognition. 

E List of signs and symptoms are included in Table 43.2. 

E The Sports Concussion Assessment Tool 2 (SCAT2) is 
a standardized tool used to evaluate athletes for possible 
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Table 43.1 | Concussion Rates Among U.S. High School and Collegiate* Athletes, High School 
Sports-Related Injury Surveillance Study, and National Collegiate Athletic Association Injury 
Surveillance System, United States, 2005-2006 School Year (13) 





Overall Rate 
Comparison Collegiate 








Rates per 1,000 Athlete Exposures Versus High School 
No. of National Rate 95% Confidence 

Sport Division Concussions  Estimatest Practice Competition Overall Ratio Interval PValue 
Football High school 201 55,007 0.21 5 0.47 N/At N/A N/A 

Collegiate 245 — 0.39 3.02 0.61 1.31 1.09, 1.58 = 0:01 
Boys’ soccer High school 33 20,929 0.04 0.59 0.22 N/A N/A N/A 

Collegiate 42 — 0.24 1.38 0.49 2.26 1.43, 3.57 = 0.01 
Girls’ soccer High school 51 29,167 0.09 0.97 0.36 N/A N/A N/A 

Collegiate S7 — 025 1.80 0.63 1.76 121257 = 001 
Volleyball High school 6 2,568 0.05 0.05 0.05 N/A N/A N/A 

Collegiate 14 — 0.21 0.13 0.18 3.63 1.39, 9.44 = 0.01 
Boys’ basketball High school 16 3,823 0.06 0.11 0.07 N/A N/A N/A 

Collegiate 33 — 0.22 0.45 0.27 3.65 2.01, 6.63 = 0.01 
Girls’ basketball High school 40 12,923 0.06 0.60 0.21 N/A N/A N/A 

Collegiate 49 — 0.31 0.85 0.43 1.98 1.31, 3.01 =< 0.01 
Wrestling High school 30 5,935 0.13 0.32 0.18 N/A N/A N/A 

Collegiate 15 — 0.35 1.00 0.42 2.34 1.26, 4.34 .01 
Baseball High school 9 1,991 0.03 0.08 0.05 N/A N/A N/A 

Collegiate 12 — 0.03 0.23 0.09 1.88 0.79, 4.46 22 
Softball High school 10 3,558 0.09 0.04 0.07 N/A N/A N/A 

Collegiate l5 — 0.07 037 09 2.61 17S 82 .03 
Boys’ sports High school 289 87,685 0.13 0.61 0.25 N/A N/A N/A 

total 

Collegiate 347 — 0.30 1.26 0.45 1.78 1.52, 2.08 = 0.01 

Girls’ sports High school 107 48,216 0.07 0.42 0.18 N/A N/A N/A 
total 

Collegiate 135 — 0.23 0.74 0.38 2.04 1.59, 2.64 = 0:00) 
Overall total High school 396 135,901 0.11 0.53 0.23 N/A N/A N/A 

Collegiate 482 — 0.28 1.02 0.43 1.86 1.63, 2.12 = 0.01 





*Collegiate data for the 2005-2006 school year were provided by the National Collegiate Athletic Association Injury Surveillance System. 

{National estimates for the National Collegiate Athletic Association data were not available. 

Indicates not applicable. 

SOURCE: Gessel LM, Fields SK, Collins CL, Dick RW, Comstock RD. Concussions among United States high school and collegiate athletes. J Ath! Train. 2007;42(4):495-503. 






Table 43.2 | Signs and Symptoms That may 
Suggest Concussion 





Physical Cognitive Emotional Sleep 
Headache Feeling mentally Irritability Drowsiness 
“fopey” 
Nausea Feeling slowed Sadness Sleeping more 
down than usual 
Vomiting Difficulty More Sleeping less 
concentrating emotional than usual 
Balance Difficulty Nervousness Difficulty 
problems remembering falling asleep 
Visual Forgetful of recent 
problems information 
Fatigue Confused about 
recent events 
Sensitivity to Answers questions 
light slowly 
Sensitivity to Repeats questions 
noise 
Dazed 
Stunned 





SOURCE: Halstead M, Walter K, Council on Sports Medicine and Fitness. American 
Academy of Pediatrics. Clinical repost—sport-related concussion in children and 
adolescents. Pediatrics. 20103;126(3):597-615. 


concussion. It can be used in all athletes 10 years of age 
and older. In addition, it can be used to monitor recovery 
and assist in determining return to play (RTP). The com- 
plete SCAT2 is included in Table 43.3. 
E On-Field Evaluation 

E Standard emergency medicine procedures should be 
observed, including ABCs (airway, breathing, and circu- 
lation) and cervical spine precautions. 
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Concussion should be suspected in the presence of any 1 or more of 
the following: symptoms (such as headache) or physical signs (such as 
unsteadiness) or impaired brain function (such as confusion) or 


abnormal behavior. 


1. Symptoms 


Presence of any of the following signs and symptoms may suggest a 


concussion: 
@ Loss of consciousness 
@ Seizure or convulsion 
E Amnesia 
m Headache 
Em “Pressure in head” 
m Neck pain 
Em Nausea or vomiting 
@ Dizziness 
@ Blurred vision 
m Balance problems 
m Sensitivity to light 
E Sensitivity to noise 


2. Memory function 


Feeling slowed down 
Feeling like “in a fog” 
“Dont feel right” 
Difficulty concentrating 
Difficulty remembering 
Fatigue or low energy 
Confusion 

Drowsiness 

More emotional 
Irritability 

Sadness 


Nervous or anxious 


Failure to answer all questions correctly may suggest a concussion. 


“At what venue are we at today?” 


“Which half is it now?” 


“Who scored last in this game?” 


“What team did you play last week/game?” 


“Did your team win the last game?” 


3. Balance testing 


Instructions for tandem stance: 


If there is no health care provider available, the player 
should be removed from practice or game and urgent 
referral arranged. 


Once medical issues have been addressed, concussive 


“Now stand heel-to-heel with your nondominant foot in back. Your 
weight should be evenly distributed across both feet. You should try to 
maintain stability for 20 seconds with your hands on your hips and 
your eyes closed. I will be counting the number of times you move out 
of this position. If you stumble out of this position, open your eyes and 


return to the start position and continue balancing. I will start timing 
when you are set and have closed your eyes.” 


injury should be assessed using SCAT2. 

E Player should not be left alone after injury, and serial 
monitoring for deterioration is essential over the initial 
few hours following injury. 


Observe the athlete for 20 seconds. If they make more than 
5 errors (such as lift their hands off their hips; open their eyes; 
lift their forefoot or heel; step, stumble, or fall; or remain out 
of the start position for more than 5 seconds), then this may 


E Athletes diagnosed with concussion should not be 
suggest a concussion. 


allowed to RTP the same day as injury. 

Any athlete with a suspected concussion should be IMMEDIATELY 
REMOVED FROM PLAY, urgently assessed medically, should not be 
left alone, and should not drive a motor vehicle. 


Œ RTP: This is done using a stepwise progression. The 
athlete should proceed to the next level in the graduated 
RTP protocol only if asymptomatic at current level. Each 
step should take 24 hours, so an athlete will take 1 week to 
proceed through full rehabilitation protocol. If any symp- 
toms occur during rehabilitation, the athlete should drop 





SCAT2, Sport Concussion Assessment Tool 2. 

SOURCE: McCrory P, Meeuwisse W, Johnston K, et al. Consensus statement on con- 
cussion on sport—the 3rd International Conference on concussion in sport, held in 
Zurich, November 2008. J Clin Neurosci. 2009;16(6):755—-63. 
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Graduated Return-to-Play Protocol 

Step Activity 

1. Light: conditioning Begin with sport-specific warm-up. 
exercises Do 15- to 20-minute workout: stationary 
(Goal: Increase bicycle, fast paced walking or light jog, 
heart rate) rowing, or freestyle swimming. 

2. Moderate general Sport-specific warm-up. Slowly increase 
conditioning and intensity and duration of workout to 
sport-specific skill 20-30 minutes. 
work; individually. Begin sport-specific skill work within the 
(Goal: add movement, workout. No spins, dives, or jumps. 
individual skill work) 

3. Heavy general Continue with general conditioning up 
conditioning, skill to 60 minutes. Increase intensity and 
work; individually and duration. Begin interval training. 
with teammate. m Continue individual skill work. 

NO CONTACT. m Begin skill work with a partner but 
(Goal: Add movement, with no contact. Continue with 
teammate skill work) individual skill work as per Step 2. 
E Begin beginner-level spins, dives, and 
jumps. 

4. Heavy general Resume regular conditioning and 
conditioning, skill duration of practice. 
work, and team drills. Œ Increase interval training and skill 
No live scrimmages. work as required. 

VERY LIGHT m Gradually increase skill level of spins, 
CONTACT. dives, and jumps. 


m Review team plays with no contact. 
m Very light contact and low intensity on 


dummies. 
. Full team practice Participate in a full practice. 
with body contact m Ifa full practice is completed with no 


symptoms, return to competition is 
appropriate. Discuss with the coach 
about getting back in the next game. 





SOURCE: Canadian Academy of Sport Medicine Concussion Committee. Guidelines 
for assessment and management of sport-related concussion. Clin J Sport Med. 2000; 
10(3):209-11. 


back to the previous level and progress again after a 24-hour 

period of rest. 

E Graduated RTP protocol is provided in Table 43.4. 

E Prior to RTP, concussed athletes should be completely 
symptom free and should not be taking any pharmaco- 
logic agents that may mask symptoms. 

Concussion management 

E Physiologic and cognitive rest until symptoms resolve. 

E Once complete resolution of symptoms, then proceed 
with graduated program of exertion. 

E After successful completion of graduated program of exer- 
tion, the athlete may be medically cleared for competition. 

E Inathletes with multiple concussions, prolonged recovery 
time, or progressively less force required to cause concus- 
sion, strong consideration should be given to changing 
position or sport to one with less risk of head injury (35). 


Table 43.5 | Head Injury Red Flags 





Seizure Poor awakening 

Severe headache Slurred speech 

Focal neurologic deficit Poor orientation to person, place, 
on exam or time 

Repeated emesis Neck pain 


Significant drowsiness 





SOURCE: U.S. Department of Health and Human Services, Centers for Disease Control 
and Prevention. Heads up: facts for physicians about mild traumatic brain injury (MTBI). 
Available at: www.cdc.gov/NCIPC/pub-res/tbi_toolkit/physicians/mtbi/mtbi.pdf. 


E Neuroimaging 

E Routine computed tomography (CT) and magnetic reso- 
nance imaging (MRI) are rarely necessary in concussion 
management. 

E Rarely, concussions may be associated with intracranial 
hemorrhage, cervical spine injuries, and skull fractures (19). 

E CT is the test of choice for detecting skull fractures and 
intracranial bleeding within the first 24—48 hours (30,39). 

E Table 43.5 includes a list of signs and symptoms indica- 
tive of further neuroimaging. 


E Any patient with worsening symptoms should undergo 
neuroimaging. 

E Patients with loss of consciousness for 30 seconds or 
more are at higher risk for intracranial bleeding and 
should undergo neuroimaging (11). 

E A normal imaging study acutely after injury does not rule 
out a chronic SDH or future neurobehavioral abnormali- 
ties, so continued observation and management may still 
be required (20). 





POSTCONCUSSION SYMPTOMS 





E A second late effect of concussion is the postconcussion syn- 
drome. This syndrome, consisting of headache (especially 
with exertion), dizziness, fatigue, irritability, and especially 
impaired memory and concentration, has been reported in 
football players, but its true incidence is not known. 


E The persistence of these symptoms reflects altered neu- 
rotransmitter function and usually correlates with the dura- 
tion of posttraumatic amnesia. 

ŒE When these symptoms persist, the athlete should be evalu- 
ated with a CT scan and neuropsychiatric tests. Return to 
competition should be deferred until all symptoms have 
abated and the diagnostic studies are normal. 


E Mental health issues: 


E Retired professional football players with history of con- 
cussion have higher rates of major depression (17). 


E Caregivers and family members should be vigilant of this 
increased risk of depression. 

E There is concern for development of chronic traumatic 
encephalopathy in athletes who have sustained multiple 
concussions. 





INTRACRANIAL HEMORRHAGE 





The leading cause of death from athletic head injury is 
intracranial hemorrhage. There are 4 types of hemorrhage: 
epidural, subdural, subarachnoid, and intracerebral, to 
which the examining trainer or physician must be alert in 
every instance of head injury. 

Because all 4 types of intracranial hemorrhage may be fatal, 
a rapid and accurate initial assessment, as well as an appro- 
priate follow-up, is mandatory after an athletic head injury. 
The most common type of intracranial hemorrhage is SDH. 
Clinical presentation can be variable. 


Outcomes are equally variable and can range from death to 
asymptomatic return to competition (7). 





POSTTRAUMATIC SEIZURE 





If a seizure occurs in an athlete with a head injury, it is im- 
portant to logroll the patient onto his or her side. By this 
maneuver, any blood or saliva will roll out of the mouth or 
nose and the tongue cannot fall back and obstruct the airway. 
These events are usually dramatic, last several minutes, 
and then cease. They are usually benign and require no 
further treatment other than treatment of the underlying 
injury (28). 





MALIGNANT BRAIN EDEMA 





This condition is found in athletes in the pediatric age range 
and consists of rapid neurologic deterioration from an alert 
conscious state to coma and sometimes death minutes to 
several hours after head trauma (34,38). 

Pathology studies show diffuse brain swelling with little or 
no brain injury (38). Rather than true cerebral edema, Lang- 
fitt and colleagues have shown that the diffuse cerebral swell- 
ing is the result of a true hyperemia or vascular engorgement 
(23,24). 

Prompt recognition is extremely important because there is 
little initial brain injury, and the seriousness of fatal neuro- 
logic outcome is secondary to raised intracranial pressure 
with herniation. 

Prompt treatment with intubation, hyperventilation, and 
osmotic agents has helped to reduce the mortality (3,4). 
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SECOND IMPACT SYNDROME 





E The syndrome occurs when an athlete who sustains a head 
injury — often a concussion or worse injury, such as a 
cerebral contusion — sustains a second head injury before 
symptoms associated with the first have cleared (6,8,37). 

E The vulnerability of the brain after injury is thought to be 
due to altered cerebral metabolism that occurs after injury 
and may last approximately 10 days involving decreased pro- 
tein synthesis and reduced oxidative capacity (19). 

E The second blow may be remarkably minor, perhaps only in- 
volving a blow to the chest that jerks the athlete’s head and 
indirectly imparts accelerative forces to the brain. 

E Usually within seconds to minutes of the second impact, the 
athlete — conscious yet stunned — quite precipitously col- 
lapses to the ground, semicomatose with rapidly dilating pu- 
pils, loss of eye movement, and evidence of respiratory failure. 

E The pathophysiology of second impact syndrome is due 
to the precarious metabolic environment of the injured 
brain. The sublethal second impact results in complete loss 
of the brain’s ability to autoregulate intracranial and cerebral 
perfusion pressures (26). This may lead to cerebral edema 
followed by herniation. 

E Prevention is accomplished by strict adherence to RTP 
guidelines outlined previously. 

E Overall incidence is unknown because it is very rare, with 
35 documented cases among American football players from 
1980 to 1993 (5). 

E Mortality rate approaches 100%; prevention is key. 





DIFFUSE AXONAL INJURY 





E This condition results when severe shearing forces are 
imparted to the brain and axonal connections are literally 
severed, in the absence of intracranial hematoma. 


E The patient is usually deeply comatose with a low Glasgow 
Coma Scale score and a negative head CT, and immediate 
neurologic triage for treatment of increased intracranial 
pressure is indicated. 





MANAGEMENT GUIDELINES 





E Immediate treatment: With a head injury, the ABCs of first 
aid must be followed. Before a neurologic examination is 
undertaken, the treating physician must determine if the 
airway is adequate and the circulation is being maintained. 
Thereafter, attention may be directed to the neurologic ex- 
amination. It is important to understand that all players who 
have had a concussion must be removed from competition. 
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E Definitive treatment: Definitive treatment of severe con- 11. 
cussions as well as of the second impact syndrome and 
intracranial hematoma should take place at a medical facil- 
ity where neurosurgical and neuroradiologic capabilities are ta 
present. 

E What tests to order and when: After a concussion, observa- 13. 
tion alone may be all that is indicated. In instances of a more 
severe concussion, however, a CT scan or MRI of the brain is 
recommended. Please see Table 43.5 for a list of red flags that 14 
would be an indication for further imaging studies. 

E When to refer: More severe head injuries should be referred j 
for neurologic or neurosurgical evaluation following removal 16 
of the athlete from the contest. 

E Appropriate time course for resolution: In cases of head 
injury, the RTP guidelines outlined in this chapter may be me 
used as a reference. Each case needs to be considered on an 
individual basis. A 

CONCLUSION 

19; 

E While head injuries may always be a part of athletic com- 
petition, we must continue to strive to decrease their effect 
on athletes and their incidence overall. Great strides have a. 
been made, including increased recognition and appropri- 
ate treatment at athletic competitions and strict regulations 
regarding RTP criteria at all levels of sport. We must continue 21. 
to move in this direction by instating rules that continue to 264-8. 
respect the nature of competition while not putting athletes 22. 
in harm’s way. 

23. 
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BACKGROUND FUNCTIONAL ANATOMY 





E Sports-related cervical spine injuries, while relatively un- Em 


common, can be season ending, career ending, life altering, 


or even life ending. E 


E The majority of neck injuries are ligament sprains, muscle 
strains, or contusions (2). 

E The sports medicine physician can take steps to help prevent 
catastrophic neck injuries in athletes. The training of physi- 


cians who wish to care for athletes, therefore, should impart a 


an understanding of the mechanisms and management of 


cervical spine injuries. ] 


E The majority of athletic cervical spine injuries in the United 


States occur in football players, partly related to the large E 


numbers of participants in the sport. As a result, most of 


the sports literature has examined the epidemiology and gy 


pathomechanics of cervical spine injuries in football players. 
Regardless of the sport, the principles for management of 
athletic cervical spine injuries remain constant. 





EPIDEMIOLOGY 





Œ Athletes sustain 10% of the 10,000 cervical spinal cord inju- 
ries that occur each year. 

E Sports with a greater risk of cervical spine injuries include 
diving, football, rugby, surfing, skiing, boxing, ice hockey, 
wrestling, and gymnastics (16). 

Œ While the prevalence of sports-related cervical spine inju- 


ries has not been adequately researched, it is estimated that gy 


10%-15% of football players may experience a soft tissue or 
neurologic injury of the cervical spine that results in time 
loss from sport (10). 


E In football, those most at risk play defensive positions, that ] 


is defensive backs, linemen, and linebackers (4,5). 
E The prevalence of the stinger or burner (i.e., neurapraxic 


injury to the nerve root or brachial plexus) is reported tobe m 


= 50% in football players (7). 

E Helmets have decreased fatalities but may have increased the 
risk of nonfatal cervical spine injury due to the emergence of 
spear tackling and by imparting a sense of invincibility to the 
athlete in his “armor” (15). 
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There are seven cervical vertebrae and eight exiting nerve 
roots. 


The cranium articulates with C1 at the atlantooccipital joint, 
where approximately 50% of all flexion and extension occur 
(the “yes” joint). The first and second cervical vertebrae form 
the atlantoaxial joint and are uniquely designed to allow for 
50% of all cervical rotatory motion (the “no” joint). 

Lateral bending occurs coupled with rotation via motion 
from C3 to C7. 


Intervertebral discs between C2 and C7 serve to dissipate and 
transmit compressive or axial loads. 


The discs are thicker anteriorly and this design contributes to 
the normal cervical lordosis. 


Normal sagittal diameter of the cervical spinal canal between 
C3 and C7 is = 15 mm, and spinal stenosis is suggested and 
may be present below 13 mm. Functional spinal stenosis 
refers to the loss of protective cushioning from cerebrospi- 
nal fluid around the spinal cord as documented on magnetic 
resonance imaging (MRI), computed tomography (CT), or 
myelography (3). 

Each nerve root occupies between 25% and 33% of the neural 
foramen, which is bordered by the uncovertebral joints ante- 
romedially, the intervertebral disc medially, the zygapophy- 
seal or facet joints posterolaterally, and superiorly/inferiorly 
by the pedicles of adjoining vertebrae. Degenerative arthritic 
changes of any of the structures that form or border the fo- 
ramina may contribute to nerve root compression. 


From C2 to C7, the nerve roots exit above their correspond- 
ing numbered vertebral body, whereas C1 exits between 
the occiput and atlas, and C8 exits between the C7 and T1 
vertebrae (8). 

The cervical spine depends on both static (i.e., osseocarti- 
laginous and ligamentous) and dynamic (i.e., musculotendi- 
nous) stabilizing factors to absorb and/or dissipate forces. 
Pain in the cervical spine is mediated by free nerve endings 
in the outer one-third of the annulus fibrosus of each in- 
tervertebral disc, in the zygapophyseal (facet) joints, in the 
ligaments (i.e., posterior longitudinal ligament, ligamentum 
flavum, interspinous and supraspinous ligaments), and in 
the supporting musculature. 





SPORT-SPECIFIC BIOMECHANICS 





The cervical spine is normally able to absorb significant mul- 
tidirectional external forces by virtue of several supportive 
mechanisms. 


The cervical lordosis aids in dissipating axial loads through 
the intervertebral discs, facet joints, interspinous ligaments, 
and paraspinal muscles. Tucking the chin during a tackle or 
before an impact can lead to reversal of the normal lordosis 
and impairs the mechanism for dissipating axial loads. 


Axial loading has been shown to be the mechanism of cata- 
strophic cervical spine injury in all National Football League 
cases that were documented well enough to allow detailed 
analysis (13). 

Hyperflexion or hyperextension of the cervical spine in an 
athlete with a congenitally or developmentally narrowed ca- 
nal may cause neurologic injury by a pincer mechanism (12). 
External forces that cause a combination of lateral bending 
and extension may lead to neuroforaminal compression and 
the neurologic injury commonly called a stinger or burner. 
A second proposed mechanism for the stinger or burner 
is flexion or extension combined with lateral bending and 
ipsilateral shoulder depression resulting in a traction injury 
to the cervical nerve roots. 


Acceleration/deceleration forces, such as those that occur 
in whiplash injuries, occur commonly in contact/collision 
sports and commonly cause injury to the muscular or liga- 
mentous supports (cervical strain/sprain) or the cervical 
facet joints. 





CLINICAL FEATURES 


Differential Diagnosis of Neck Pain 
in the Athlete 


Cervical muscle strain or ligament sprain 
Herniated nucleus pulposus 


Burner/stinger (i.e., cervical nerve root, brachial plexus, or 
peripheral nerve neurapraxia) 


Cervical radiculopathy 
Brachial plexopathy 
Fracture or dislocation 
Facet arthropathy 


Medical causes of neck pain, such as cardiovascular (myocar- 
dial infarction), endocrine (thyroid), pulmonary (pneumo- 
mediastinum), or infection (osteomyelitis or diskitis) 


History 


Sideline physicians at an athletic event should keep in mind 
that most cervical spine injuries in athletes are cervical 
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sprains or strains, followed by the stinger or burner. Fortu- 

nately, fracture-dislocation injuries are rare (14). 

That said, the sports medicine physician must err on the side 

of caution. Neck pain in any downed athlete is treated as an 

unstable cervical spine injury until proven otherwise. 

The stinger or burner (cervical nerve root, brachial plexus, 

or peripheral nerve neurapraxia) typically involves the C5 

and C6 innervated muscles (i.e., deltoid, biceps, and rotator 

cuff), and so the athlete may complain of an inability to raise 

the arm (6). 

Head injuries frequently occur concomitantly with spinal in- 

juries. An athlete with both a suspected concussion and neck 

pain should be considered to have a cervical spine injury un- 

til proven otherwise. 

Immobilize the spine-injured athlete immediately to prevent 

further neurologic deterioration. Manipulating an individ- 

ual with an unstable cervical spine injury may worsen the 

neurologic outcome (9). 

The examiner should always inquire about the following: 

E Neck, shoulder, arm, and leg pain 

E Arm or leg numbness, tingling, or weakness 

Rule of thumb (simple guidelines): 

E Symptoms in one arm —> peripheral nerve injury 

E Symptoms in two arms or in one or both legs > spinal 
cord injury 

E Signs of head injury such as headache, blurred vision, 
dizziness, and disorientation 

E Previous head or neck injuries 

E Bowel or bladder dysfunction 

E Prior treatments and functional status (if not seen acutely) 

Athletes with Down syndrome (trisomy 21) and rheuma- 

toid arthritis may be at increased risk for rupture of the 

transverse and/or alar ligaments and atlantoaxial instability. 

Minor trauma in such persons may cause complete atlanto- 

axial dissociation. 


Physical Examination 


Inspection for the normal spinal curvature, ecchymosis, 
laceration, and obvious deformity. 


Palpation for deformity or step-off and bony or soft tissue 
tenderness. 


Range of motion (ROM), including flexion, extension, lat- 
eral bending, and rotation. 


Strength examination via manual muscle testing. 
Sensation testing in all cervical dermatomes. 


Reflex assessment of the C5 (biceps), C6 (brachioradialis), 
C6/7 (pronator), and C7 (triceps), as well as the L4 (patellar), 
L5 (medial hamstring), and S1 (Achilles) myotomes. 


Pathologic reflex testing (Hoffman and Babinski). 
Special tests such as the Spurling and Lhermitte signs. 
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ON-SITE ACUTE MANAGEMENT 





E A physician and/or certified athletic trainer with skills in the 
acute management of cervical spine injuries should always 
be on site at collision sporting events. The aim of acute care 
is to prevent further neurologic deterioration, immobilize 
the spine, and safely transport the athlete to a trauma center 
for definitive evaluation and treatment. An emergency care 
plan should be in place and rehearsed before the opportunity 
arises to put it into action. 





DIAGNOSTIC STUDIES 





Imaging 


E Plain radiographs are appropriate if osseoligamentous dis- 
ruption is a concern or in cases of recurrent stingers or burn- 
ers or cervical cord neurapraxia. Anterior-posterior, lateral, 
and open-mouth views should always be obtained. Flexion 
and extension views may be indicated to rule out abnormal 
segmental motion. 

H Studies of intact cadaver cervical spine segments have shown 
that horizontal movement of one vertebra on the next does 
not normally exceed 3.5 mm, and the angular displacement of 
one vertebral body on another is always = 11 degrees. These 
measurements may be made with lateral neutral or flexion/ 
extension radiographs. One caveat, however, is that younger 
athletes are more likely to demonstrate ligamentous laxity, 
and these criteria may not always be applicable (1,2,17). 


E The Torg—Pavlov ratio compares the diameter of the spinal 
canal to that of the vertebral body. A ratio of less than 0.8 is 
used to predict cervical stenosis and has been found com- 
monly in persons with an episode of transient cervical cord 
neurapraxia. The ratio has been found, however, to have low 
positive predictive value for determining future injury. It is 
not, therefore, a recommended screening tool. 


E A diagnosis of “spear tackler’s spine” constitutes an absolute 
contraindication to participation in collision sports. It is 
identified as follows: 

E Developmental cervical canal stenosis 

E Reversal of the normal cervical lordosis on lateral 
radiographs 

E Preexisting posttraumatic radiographic abnormalities of 
the cervical spine 


E Documentation of the athlete having used spear tackling 
techniques 


E Advanced imaging such as a CT scan is recommended to 
investigate a clinically suspected fracture when plain radio- 
graphs are unrevealing or equivocal. CT scan with myelogra- 
phy is a sensitive measure of spinal stenosis. 


E MRI is used to evaluate soft tissues for ligamentous disrup- 
tion or herniated nucleus pulposus and can also demonstrate 


spinal cord contusions. T2-weighted images may be used to 
determine the extent of functional reserve, the protective 
cushioning of cerebrospinal fluid around the spinal cord. 


Electrodiagnostics 


Electromyography and nerve conduction studies may be 
useful in evaluating an athlete after neurologic insult with 
persistent motor or sensory abnormalities. Such testing can 
help delineate whether the lesion is at the level of the nerve 
root, brachial plexus, or peripheral nerve. 





TREATMENT 





Sideline management of any athlete with neck pain or tender- 
ness and neurologic symptoms, excluding those with a clear 
diagnosis of a stinger or burner, includes immobilizing the 
athlete on a spine board and emergent transport to a trauma 
center for evaluation by a spine specialist. The helmet should 
not be removed. Trainers and physicians should be trained in 
equipment to remove the athlete’s facemask. 


Fractures should be referred to an orthopedic spine specialist 
for definitive treatment. 


Cervical sprains or strains are generally self-limited 
injuries managed with relative rest, icing, nonsteroidal 
anti-inflammatory medications for pain and inflamma- 
tion, and early mobilization and strengthening in a pain 
free ROM. 

There is no benefit to using a soft cervical collar for cervi- 
cal sprains or strains other than perhaps providing a sense 
of security and local warmth. In fact, the use of a collar can 
delay recovery by causing a decrease in cervical spine ROM. 
Stingers or burners are generally self-limited, with symptom 
resolution in minutes to hours. Once an athlete’s neurologic 
examination has normalized, a tailored rehabilitation pro- 
gram should be instituted to prevent recurrence. 


Unresolved neurologic symptoms should be observed closely 
for progression. 





REHABILITATION 


Rehabilitation is the cornerstone of ensuring prompt return 
of an athlete to competition and for preventing recurrent 
injury. Alternative methods of conditioning should be used 
while the athlete is kept out of play. 


The sports rehabilitation paradigm is as follows: 
E Decrease pain and inflammation. 

E Restore pain-free, full cervical spine ROM. 
E Optimize head and neck posture. 


E Strengthen the cervical spine musculature (dynamic stabi- 
lizers), scapular stabilizers, upper extremities, and trunk. 


E Maintain cardiovascular endurance according to the 
demands of the sport. 

E Direct sport-specific training. 

E Review and refine specific techniques such as tackling 
skills. Determine, if possible, the issues surrounding the 
initial injury. 

E Optimize use of well-fitted protective gear (e.g., pads, 
collars). 


RETURN-TO-PLAY GUIDELINES 





E Several authors have published guidelines to assist clinicians 


in determining when an athlete should be allowed to return to 
collision sports following a cervical spine injury (2,11,14). All 
of these guidelines are based on expert opinion (Table 44.1). 
In general, return to play may be contemplated when the 
athlete: 


E Demonstrates full and pain-free ROM. 

E Displays a normal neurologic examination including 
strength, sensation, and reflexes. 

E Does not have an osseous or unstable ligamentous injury. 

E Controversy exists over returning an athlete to sport 
after sustaining an episode of cervical cord neurapraxia 
(transient quadriparesis). 





PREVENTION 





E Reductions in the numbers of cervical spine injuries in sport 


can be made by the following: 


E Rule changes: In the National Football League, for in- 
stance, rule changes in 1976 eliminated the head as an 
initial contact area for blocking and tackling. Coaches 
are encouraged to instruct players to block and tackle 
with their head up. Spearing with the head has been 
banned. 

E Conditioning exercises to strengthen the neck and sports- 
specific training. 

E Prohibiting spewing or tackling using the head as a 
battering ram or grabbing the facemask. 


E Strict enforcement of the rules by officials and intoler- 
ance of illegal play. 

E Understand that football players playing defensive posi- 
tions are more likely to sustain a catastrophic injury, so 
safe blocking and tackling techniques should be rein- 
forced and stressed. 

E Ensuring that equipment properly fits. 

E Expert on-site medical care. A certified athletic trainer, 
and if possible, a sports medicine physician should be 
available at the playing field. A plan for managing a cata- 
strophic neck injury must be rehearsed and be in place. 
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Table 44.1 | Torg and Ramsey-Emrhein Collision 
Sport Participation Guidelines 





NO CONTRAINDICATION 
Congenital 

Spina bifida occulta 

Type II Klippel-Feil at C3 and below 
Developmental 

Torg—Pavlov ratio < 0.8 


Nondisplaced stable healed fracture at compression or endplate, 
no posterior involvement; or clay shoveler’s fracture 


Healed herniated nucleus pulposus 
One-level fusion 
RELATIVE CONTRAINDICATION 
Developmental 
Torg—Pavlov ratio < 0.8, with motor and/or sensory neurapraxia 
Previous episodes of neurapraxia 
Two- or three-level fusions 


Healed but displaced stable fracture C3—C7 at posterior ring or 
compression fracture 


Healed, nondisplaced stable fracture C1-C2 

Instability < 3.5 mm or 11 degrees 

Healed herniated nucleus pulposus with residual facet instability 
ABSOLUTE CONTRAINDICATION 
Congenital 


Odontoid (C2) abnormalities such as odontoid agenesis, odontoid 
hypoplasia, or os odontoideum 


Atlantooccipital fusion 
C1-C2 anomaly or fusion 


Klippel-Feil anomaly with congenital fusion of one or more 
vertebral segments and a loss of segmental motion or instability 


Developmental 
Spear tackler’s spine 
Residual pain or limited range of motion 
Acute fracture or central herniated nucleus pulposus 
Recurrent cervical cord neurapraxia 
Fracture or ligamentous laxity at C1-C2 
Acute or chronic hard disc 
C1-C2 fusion 
Instability > 3.5 mm or 11 degrees 


Body fracture with sagittal compression, arch fracture, ligament 
injury, fragmentation at canal 


Lateral mass fracture with facet incongruity 


> Three level fusion 





SOURCE: Malanga GA. The diagnosis and treatment of cervical radiculopathy. Med 
Sci Sports Exerc. 1997;29(7)(suppl):S236—-S245; Torg JS, Guille JT, Jaffe S. Current 
concepts review— injuries to the cervical spine in American football players. J Bone 
Joint Surg Am. 2002;84—A(1):112-122. 
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SECTION iv 


E Any athlete with a suspected head or neck injury should 
be managed as if he or she has an unstable cervical spine 
fracture until proven otherwise. The player should be in- 
structed not to move, the head and neck should be immo- 
bilized, and trained professionals should coordinate safe 
transfer onto a spine board and referral to a trauma center. 

= When possible, identifying congenital anomalies of the 
spine through a thorough preparticipation history and 
physical examination. 
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Thoracic and Lumbar Spine 


Reginald S. Fayssoux 





INTRODUCTION AND EPIDEMIOLOGY 





Back pain is a frequent complaint and source of morbidity 
among athletes in all sports, with low back pain accounting 
for 5%-8% of injuries (10). 

Nearly 15% of spinal injuries (cervical, thoracic, and lumbar) 
in the United States relate to participation in a sport or rec- 
reational activity. Depending on the mechanisms of applied 
load, different patterns of spinal injury are possible; thus, 
certain sports are predisposed to certain injury patterns. 
Musculoligamentous injuries of the paraspinal muscula- 
ture are common to all sports that involve trunk rotation 
(e.g., golf, baseball, tennis), contact (e.g., basketball, football, 
soccer), or repetitive injury mechanisms (e.g., gymnastics, 
swimming, diving, volleyball). 

Full-contact collision sports, such as American football, ice 
hockey, and rugby, are a common cause of spinal injury. The 
most common injuries involve the cervical spine. Thoracic 
and lumbar injuries occur less frequently. A classic example 
is spondylolysis in linemen resulting from repeated lumbar 
hyperextension. 

High-speed sports such as downhill skiing and snowboard- 
ing are relatively common causes of spine injury. Impact 
speeds are typically much higher than in other sports. Risk 
factors for injury include poorly groomed slopes, equip- 
ment failure, unfavorable weather conditions, overcrowding, 
skier error, and skier loss of control (1). The reported inci- 
dence of spine injuries among snowboarders is three to four 
times higher than among skiers. Jumping is responsible for 
as many as 80% of spine injuries among snowboarders and 
typically affects the thoracolumbar region (7). 

With the aging population being more and more active, 
spinal injuries are occurring in older patients with preexist- 
ing degenerative spinal changes, resulting in evaluation and 
treatment challenges. Decisions regarding return to play are 
especially complex in these patients, especially when surgery 
has been done or is being considered. 





ANATOMY 





E The spinal column allows for controlled spinal motion while 


protecting the enclosed neural elements. 








Osseous Anatomy 


E The spinal column is the foundation of the axial skeleton, 


extending from the base of the skull to the pelvis with articu- 
lations to the rib cage. 


The spinal column is composed of 7 cervical, 12 thoracic, 
5 lumbar, 5 sacral, and 4-5 coccygeal vertebral segments. 
The cervical, thoracic, and lumbar vertebrae are separated by 
intervertebral discs. 

Normally, the spine positions the head directly over the pel- 
vis in the coronal and sagittal planes (i.e., coronal and sagittal 
balance). In the coronal plane, the spine is straight. In the 
sagittal plane, the cervical and lumbar regions are lordotic, 
whereas the thoracic region is kyphotic. These sagittal cur- 
vatures in conjunction with the intervertebral discs, provides 
resiliency to applied loads. 

Vertebrae are comprised of a thin cortical bony shell sur- 
rounding trabecular cancellous bone. 

The wedged shape of the thoracic vertebrae is responsible for 
normal thoracic kyphosis. 

The lumbar vertebrae are rectangular in shape. Thus it is the 
intervertebral discs that are responsible for normal lumbar 
lordosis. Loss of disc height as a result of disc degeneration 
results in loss of the normal lumbar lordosis and, subse- 
quently, loss of resiliency to axial load. 

The vertebrae increase in size as one moves caudally as they 
become progressively more involved in load bearing. 

The sacrum forms the base of the spinal column and also 
functions as the keystone of the pelvic ring, transferring load 
from the spinal column to the lower extremities. 

Each vertebra has a bony ring posteriorly that contributes to 
the anatomy of the spinal canal, as well as multiple processes 
that serve as lever arms for the ligamentous and muscular 
attachments (e.g., spinous process, transverse process). 

The intervertebral foramina are the lateral openings between 
adjacent pedicles through which the spinal nerves exit the 
spinal canal. 

The thoracic spine is inherently more stable than the cervi- 
cal and lumbar spines due to the stabilizing effects of the rib 
cage and sternum. 

The thoracolumbar junction is a transition zone between the 
relatively rigid thoracic spine and the relatively flexible lum- 
bar segments and thus is at higher risk for injury. 
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posterior tension band that restricts excessive motion. If dis- 
rupted, the ligamentous structures demonstrate poor healing 
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Articular Anatomy 
E The posterior zygapophyseal/facet joints are additional paired 


linkages that, with the intervertebral disc, are responsible for 
controlled intersegmental motion of the vertebral bodies. 
Facet joint orientation plays a role in directing allowable 
spinal motion. In the thoracic spine where the facet joints 
are more coronally oriented, rotation is the predominant 
allowable motion. In the upper lumbar spine where the facet 
joints are more sagittally oriented, flexion and extension 
predominate. Finally, at the thoracolumbar and lumbosacral 
transition zones, the transitioning orientation of the facet 
joints (coronal to sagittal at the thoracolumbar junction and 
sagittal to coronal at the lumbosacral junction) allow for 
limited multiplanar motion. 


Because of the lumbar facet joints’ dorsolateral relationship 
to the thecal sac and nerve roots, they can contribute to root 
compression (in conjunction with disc protrusion), classi- 
cally in degenerative lumbar stenosis associated with facet 
joint hypertrophy. 

The costovertebral joints are synovial joints located between 
the vertebral bodies and the ribs. 

The costotransverse joints are also synovial joints located 
between the rib and the transverse processes of the vertebra 
of the same level. 

The costochondral joints are articulations that lie between 
the rib and its connection with the sternum. 


Intervertebral Disc Anatomy 


The outer portion of the disc is the annulus fibrosis, com- 
posed of concentric rings of fibrocartilaginous tissue. 

The inner portion of the disc is the nucleus pulposus, gela- 
tinous material consisting of loose, randomly oriented col- 
lagen embedded in a matrix of glycosaminoglycans, water, 
and salt. 

With age, the amount of water within the disc decreases, and 
therefore, the height of the disc decreases. 


The vertebral endplates are composed of hyaline cartilage. 
The blood supply to the disc is obliterated within the first 


three decades of life. Thereafter, the discs must rely on diffu- 
sion from the endplate and the annulus for nutrition. 


Musculoligamentous Anatomy 


The vertebral motion segments are stabilized by the strong 
anterior longitudinal ligament (ALL) ventral to the vertebral 
bodies, the weaker posterior longitudinal ligament (PLL) 
dorsal to the vertebral bodies, and the posterior ligamentous 
complex (PLC). 

The anatomic structures of the PLC include the supraspinous 
ligament, interspinous ligament, ligamentum flavum, and 
facet joint capsules. The PLC plays a critical role in protecting 
the spine and spinal cord against excessive flexion, rota- 
tion, translation, and distraction. Some have likened it to a 


ability, which often results in the need for stabilization of the 
involved vertebrae to prevent progressive kyphotic collapse. 


Because of narrowing of the PLL, the lumbar region tends to be 
more susceptible to disc herniations because there is an inherent 
weakness in the posterolateral aspect of the intervertebral disc. 


The ligamentum flavum lies dorsal to the thecal sac between 
the lamina. It is continuous with the anterior capsule of the 
zygapophyseal joint and helps to resist flexion. With loss of 
disc height, the ligamentum flavum can buckle into the spi- 
nal canal, resulting in neural compression. 


The back muscles are innervated by dorsal rami of the spinal 
nerve roots and are divided into layers. 


E Superficial layer: trapezius, latissimus dorsi, and lum- 
bodorsal fascia. 


E Superficial middle layer: levator scapulae, and the major 
and minor rhomboids. 


E Deep middle layer: erector spinae muscle group consisting 
of the spinalis, semispinalis, longissimus, and iliocostalis. 


E Deep layer: multifidi, rotatores, and intertransversarii. 


Nervous System 


The ventral and dorsal spinal nerve roots exit the spinal canal 
via the intervertebral foramen, form the spinal nerve proper, 
and then divide into the ventral and dorsal rami. 


The ventral rami form the lumbosacral plexus innervating 
the lower extremity musculature. 


The dorsal rami form the cutaneous and muscular innervation 
to the back, erector spinae, fascia, ligaments, and facet joints. 
The sinuvertebral nerve, a branch originating distal to the 
dorsal root ganglion, supplies the PLL, posterior annulus, 
and posterior vertebral body. It is thought to be one of the 
nerves responsible for conveying signals responsible for the 
experience of back pain. 


In the thoracic spine, the nerve root passes through the 
center of the foramen. 


In the lumbar spine, the nerve root hugs the inferior border of 
the pedicle. Thus, posterolateral disc herniations do not com- 
press the exiting root because it has already exited the foramen. 
Involvement of the traversing root is more typical (i.e., a pos- 
terolateral L5-S1 disc herniation tends to affect the S1 nerve 
root since the L5 nerve root has already exited the spinal canal 
through the foramen, cranial to the L5—S1 disc protrusion.) 





INITIAL EVALUATION 





On the field management of the injured athlete with sus- 
pected spinal trauma is discussed more comprehensively 
elsewhere in this text. Briefly, when a spine injury occurs 
during sports, the primary goal is to prevent additional 
damage (11). One should have a high index of suspicion for 





Table 45.1 | Historical Information to Obtain When 
Evaluating a Patient with Low Back Pain 








General health of the patient aids risk—benefit analysis of treatment options 
E Age 
m= Comorbidities 

Sport activity level of the patient aids return-to-play decision making 
m Recreational vs. competitive vs. professional athlete 


Mechanism of injury suggests diagnosis and treatment options (activity 
modification) 


m Repetitive injury vs. acute injury 

m Blunt trauma 

m Axial load 

m Hyperflexion 

m Hyperextension 
m Rotation 

Location of symptoms can aid in diagnosis 
m Back- spinal vs. musculoligamentous 


m Buttocks — spinal vs. sacroiliac vs. tendinitis/bursitis (e.g., at the 
ischial tuberosity) 


Groin — hip joint vs. spinal 


Hips — spinal vs. trochanteric pain syndromes 


Radiating leg pain that does not go past the knee — spinal vs. sacroiliac 
m Radiating leg pain past the knee — radicular pain 
Severity of symptoms aids selection of treatment options 


Neurologic symptoms narrow differential to spinal, plexus, or peripheral 
nerve involvement 


m Anesthesia 
m Paresthesia 
m Dysesthesia 
m Weakness 
Character of symptoms can suggest neurologic etiology 
m Burning, stabbing 
Aggravating and alleviating factors suggest possible diagnoses 
m Pain worse with certain motions — mechanical pain 
m Pain improves with recumbency — mechanical pain 
m Night pain, rest pain — fracture, infection, tumor 
a 


Groin or buttock pain worse with hip motion (putting on socks) — 


hip pathology 
m Radiating chest or leg pain worse with Valsalva maneuver — radicular pain 


m Chest pain worse with inspiration, expiration — costochondritis, rib 
fracture 


m Back pain worse when sitting (lumbar spine flexed) — disc herniation 


m Buttock or leg pain worse when sitting — disc herniation, ischial 
bursitis, proximal hamstring injury 


m Back or leg pain worse when standing (lumbar spine extended) — 
spinal stenosis, facet joint pathology 


Knowledge of complicating factors aids risk—benefit analysis of treatment 
options 


m Prior spinal surgery 


m Secondary gain 
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unstable spinal injuries when an appropriate mechanism for 
injury exists. Patients with acute complaints of severe neck 
or back pain, patients with neurologic symptoms, and all 
unconscious patients should be treated as if they have an un- 
stable spinal injury until proven otherwise. Early recognition 
and institution of appropriate management protocols for 
spinal trauma by emergency medical services have resulted 
in improved outcomes in spine-injured patients. These same 
algorithms should be used for the injured athlete. 

E In the office, the assessment of an injured athlete with com- 
plaints potentially referable to the spine should be thor- 
ough and requires a broad understanding of spinal column 
anatomy and biomechanics and the relevant sports-specific 
considerations. The timing of the onset of symptoms to 
the traumatic event does not necessarily presume causality; 
consequently, the practitioner should keep a broad differen- 
tial diagnosis in mind. 

E See Tables 45.1, 45.2, and 45.3 for history, red flags, and physi- 
cal examination, respectively. 


E The benefit of any planned intervention should be weighed 
against its specific risks to the patient taking into consider- 
ation the patient’s comorbidities. Thus, in order to appropri- 
ately analyze the risk—benefit ratio, it is critical to understand 
the general health of the patient being treated and what risks 
the patient is willing to accept. 


Imaging 


E Plain radiographs of the thoracic and lumbar spine are use- 
ful for initial evaluation. Flexion and extension views are 
useful for evaluating for radiographic signs of instability 
(i.e., listhesis). Radiographs can help to identify fractures, 
dislocations, degenerative spondylosis, spondylolysis, spon- 
dylolisthesis, and scoliosis. 

E Computed tomography (CT) allows better visualization of 
bony detail. CT is most useful for identifying impinging 
osteophytes, for evaluating facet joint arthrosis, and for eval- 
uating fracture orientation and alignment. For patients with 
neurologic symptoms who are unable to undergo magnetic 
resonance imaging (MRI), CT myelogram is a useful study to 
evaluate for neural compression. 

E MRI allows for a detailed assessment of the soft tissues and 
is especially helpful for identifying pathology of the neu- 
ral elements, intervertebral discs, and ligaments. Given the 
high prevalence of abnormal MRI findings in asymptom- 
atic individuals, however, one should be cautious in inter- 
preting MRI results (2). In asymptomatic patients younger 


Table 45.2 | Red Flags 





Age > 50, significant trauma, rest pain, night pain, history of cancer, 
unexplained weight loss, steroid usage, fever, intravenous drug use, 
failure to improve with appropriate treatment, bowel or bladder 
dysfunction 
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Table 45.3 | Physical Examination Findings 


To Elicit When Evaluating A Patient 
With Low Back Pain 












General health of the patient aids risk—benefit analysis of treatment 
options. 


m General appearance 
E Body mass index (BMI) 


Neurologic signs can narrow differential to spinal, plexus, or peripheral 
nerve involvement. 


@ Sensory deficits (dermatomal vs. peripheral nerve distribution) 
m Motor weakness (myotomal vs. peripheral nerve distribution) 
m Reflex testing 


E Presence of pathologic reflexes (e.g., Babinski) suggests upper 
motor neuron (e.g., myelopathy) 


Range of motion (ROM) 


m Decreased ROM in the back can predispose the patient to back 
injury. 


E Decreased flexibility in the lower extremities (i.e., hips, 
knees, ankles) may result in increased load transfer to the 
lumbar spine with the potential for injury (e.g., increased 
lumbar torsional strains during the golf swing in a patient 
with inflexible hips). 


Provocative maneuvers can aid in diagnosis. 


E Straight leg raise test, Lasegue maneuver (worsening of pain with 
ankle dorsiflexion), and the femoral nerve stretch test, when 
positive, suggest radiculopathy. 


@ Fortin finger test (points to pain within 1 inch of posterior 
superior iliac spine), flexion-abduction-external rotation (FABER) 
of the hip, Gaenslen’s maneuver (hip extension with contralateral 
hip flexion), and sacroiliac joint thrust/compression, when 
positive, suggest sacroiliac joint dysfunction. 


m Flexion-adduction-internal rotation of the hip suggests 
intra-articular labral pathology. 


m Hip pain with single leg squat may result from trochanteric pain 
syndrome. 


Gait can suggest diagnosis. 


E Sciatic list, foot drop, foot slap, and steppage gait suggest 
neurologic involvement. 


E Trendelenburg gait may be evident in patients with hip 
pathology. 


Waddell signs can suggest a nonorganic component to pain. Three or 
more signs suggest symptom magnification, not malingering. 


@ Superficial or nonanatomic tenderness 

@ Pain with axial loading or simulated rotation 

@ Distracted straight leg raise 

E Nonanatomic sensory change or breakaway weakness 


E Overreaction 





than 60 years of age, 20% will have MRI evidence of disc 
herniation. In patients older than 60 years of age, nearly 40% 
of patients will have MRI evidence of disc herniation and 
20% will have MRI evidence of spinal stenosis. 

Bone scan and single-photon emission computed tomogra- 
phy (SPECT) studies are useful to identify areas of bone acti- 
vity that may correlate with relevant pathology (e.g., “hot” 
facet joint). 

Electrodiagnostic testing can be useful in patients with neu- 
rologic symptoms, especially when trying to distinguish 
neuropathy from radiculopathy. These studies can also be 
used to follow neurologic recovery and determine chronicity. 


Laboratory 


A comprehensive evaluation may also include a complete blood 
count (CBC) with differential, erythrocyte sedimentation rate, 
and urinalysis, as well as other specific tests as indicated. 
Using laboratory diagnostics is appropriate when infection, 
malignancy, and inflammatory arthropathy are in the differ- 
ential diagnosis. 





CLINICAL SYNDROMES 





Musculoligamentous Injuries 


Thoracolumbar musculoligamentous injuries are common 
and typically present as “back strain.” 


These injuries result from significant rotational and bend- 
ing forces to the trunk and commonly occur in full-contact 
sports and high-speed events. 

The onset of pain is typically delayed from the time of injury, 
presumably because of the timing of the inflammatory cascade. 
Examination may reveal tenderness within the musculature 
and paravertebral muscle spasm. Pain with resisted motion 
may help isolate a specific muscle. Range of motion (ROM) 
is often limited due to protective guarding. Tenderness of the 
facet joints may suggest facet capsular injury. No neurologic 
signs or symptoms should be evident. 


Radiographs may show loss of normal lumbar lordosis. It is 
important to avoid missing a fracture in a persistently symp- 
tomatic patient. While radiographs are a useful screening 
study, CT and MRI are more sensitive for traumatic injury. 
Treatment initially is directed at managing pain and inflamma- 
tion. The mainstay of therapy is to avoid injury-provoking ac- 
tivity. Ice is useful in the acute setting to reduce inflammation; 
subsequently, moist heat may be used for muscle relaxation. 
When the pain is tolerable, ROM and strengthening exercises 
aid in the return to normal flexibility and strength. 

Formal physical therapy with attention to postural biome- 
chanics may be useful as symptoms improve and active par- 
ticipation becomes possible. Core conditioning focuses on 
strengthening of the abdominal, paraspinal, and gluteal mus- 
culature in order to improve the stability and control during 


sports participation because studies have demonstrated the 
importance of pelvic stabilization in training (6,9). 
Nonsteroidal anti-inflammatory drugs (NSAIDs) and mus- 
cle relaxants are useful adjuncts to treatment. 

Bracing can be useful for back support in the acute setting, 
but long-term use should be discouraged and stretching and 
core strengthening encouraged in its place. 


Older patients with arthritic facets that are overloaded in a 
traumatic event may develop symptoms that mimic muscu- 
loligamentous back pain. In select patients, facet blocks may 
be useful. 

The prognosis of musculoligamentous injury typically is 
good but depends on the extent of injury. Return to play is 
allowed when the patient is asymptomatic and has a normal 
ROM, typically within 1-2 weeks. 


Disc Herniation 


Disc herniations are infrequent in sports but can result in 
significant morbidity. Patients can present with isolated back 
pain, radiculopathy, or, in rare circumstances, injury to the 
spinal cord or cauda equina. 


Disc herniation occurs in the lumbar spine in athletes 
through a mechanism of axial loading and rotation of the 
flexed lumbar spine. Lumbar disc herniations are more com- 
mon in obese athletes because of their increased risk for pre- 
mature disc degeneration. 


Back pain is typically acute in onset in contrast to musculo- 
ligamentous injury. Radiculopathy may develop as inflam- 
mation of the nerve root occurs. 

Cauda equina syndrome and conus medullaris syndrome 
should be ruled out because these require urgent/emergent 
intervention. These patients typically present with bilateral 
leg pain and/or bowel and bladder dysfunction. 


Plain films may show loss of disc height but typically are 
negative. MRI is best at identifying acute traumatic hernia- 
tions, but the prevalence of abnormal MRI findings in as- 
ymptomatic individuals should be recognized (2). 
Management consists of conservative measures as previously 
described with judicious use of epidural steroid injections 
for refractory pain. 

Operative intervention is reserved for failure of nonoperative 
management or severe or progressive neurologic symptoms. 


Return to play after conservative management of lumbar disc 
herniation averaged 5 months in one study (5). Single-level 
lumbar disc surgery did not appear to limit or compromise 
sporting activities in young people in at least one study (12). 


Fracture, Subluxation, and Dislocation 


Vertebral fracture, subluxation, and dislocation type injuries 
range from benign spinous and transverse process fractures 
to thoracolumbar fracture-dislocations with complete spinal 
cord injury. The management of the majority of these inju- 
ries is beyond the scope of this chapter. 
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Osteoporotic Thoracic Vertebral 
Compression Fractures in the Elderly 


The incidence of these fractures is increasing with the aging 
of the population and the increasing participation of older 
individuals in athletic activity. 

In younger patients (7.e., under 60 years of age), although the 
fracture may appear similar radiographically, a heightened 
index of suspicion for either pathologic bone or more exten- 
sive injury (e.g., burst fracture) is needed. 


The thoracolumbar junction is most commonly affected 
because there is a naturally occurring stress riser there where 
the relatively rigid thoracic spine transitions into the rela- 
tively flexible lumbar spine. 

Patients typically present after an injury resulting in axial 
load or hyperflexion. 

Tenderness of the affected vertebral body when percussed 
suggests an acute/subacute fracture. 


The diagnosis can be established by radiographs, MRI, CT 
scan, and/or bone scan. 

Treatment may include relative rest, pain medications, and 
therapy using an extension-based program. Intranasal cal- 
citonin and bisphosphonate therapy has been shown to 
improve pain scores. Vertebroplasty and kyphoplasty are 
reserved for failure of nonoperative treatment 

It is critical that patients be evaluated and treated for 
osteoporosis, including its secondary causes, to minimize the 
chances of recurrence. 

In the young female athlete with a compression fracture, 
evidence for the female athlete triad of amenorrhea, osteo- 
porosis, and anorexia needs to be a part of the evaluation. 


Spondylolysis and Spondylolisthesis 


Lumbar spondylolysis is typically an acquired bony defect of 
the pars interarticularis, the anatomic bony bridge between 
the inferior articular facet and the rest of the vertebral body. 
Spondylolysis is thought to be caused by repetitive microtrauma 
during growth caused by repetitive lumbar hyperextension (8). 


It is more common in certain high-risk sports activities 
associated with repetitive lumbar hyperextension, such as 
a football block, military press, tennis serve, baseball pitch, 
gymnastic back walkover, and the butterfly swim stroke. 
Athletes who participate in these high-risk sports may be five 
times more likely to have an unfavorable outcome than those 
who participate in low-risk sports (3). 

Adolescent patients typically present with localized back 
pain refractory to conservative management. Radiculopathy 
can result from foraminal compression secondary to callus 
from the healing pars defect, which forms one of the bound- 
aries of the foramen. 

Rarely, traumatic bilateral spondylolysis can result in ante- 
rior slippage (7.e., traumatic isthmic spondylolisthesis) of the 
vertebral body on the caudal vertebral body. 
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More commonly, isthmic spondylolisthesis is a preexisting 
developmental radiographic finding in the adolescent patient 
presenting with back pain. Thus, children and adolescents 
who present with back pain and an isthmic spondylolisthesis 
should have alternative causes for back pain ruled out prior 
to initiation of treatment. 


On physical examination, there is localized tenderness that 
worsens with lumbar hyperextension. In the presence of 
spondylolisthesis, there is often an associated loss of normal 
lumbar lordosis with hamstring tightness. 


Lateral and oblique lumbar spine radiographs may demon- 
strate the pars defect. L5 is most commonly affected. 


MRI is preferred in the growing child. CT, SPECT, or bone 
scan may be useful when MRI is nondiagnostic. 
Nonoperative treatment of spondylolysis consists of rest, 
management of inflammation, activity restriction, physi- 
cal therapy, and, on occasion, bracing. Injection of the pars 
defect may be diagnostic and possibly therapeutic. Surgical 
repair of the pars defect is an option in selected individuals. 
Spondylolisthesis is treated similarly. Spondylolisthesis more 
commonly is associated with radiculopathy and may require 
epidural steroid injections for symptomatic relief. Surgical 
treatment requires fusion and consequently is avoided if 
possible. 


Facet Joint Syndrome 


With facet joint syndrome, pain is generally localized to the 
spine but can radiate into the buttock and upper thigh. 


The pain is typically exacerbated by extension and improves 
with activity. 

Physical therapy should be the initial treatment for this 
condition in conjunction with a comprehensive exercise 
program with attention toward postural biomechanics. 
Additional treatment may include relative rest, weight control, 
analgesics, nonsteroidal anti-inflammatories, flexion-based 
exercise therapies, lumbosacral support, facet injections, and 
radiofrequency neurotomy in refractory episodes. 


Sacroiliac Joint Dysfunction 


Typically results from direct impact but can result from 
repetitive motion. 

Pain is localized to the sacroiliac joint but can radiate poste- 
riorly down the leg to the knee. 


Multiple positive provocative maneuvers suggest the diag- 
nosis. Sacroiliac joint injection is diagnostic and potentially 
therapeutic. 

Sacroiliac joint braces may be helpful in patient with the 
appropriate body habitus to accommodate the brace. 
Sacroiliac joint fusion for refractory cases is possible but 
has long been avoided because of the surgical morbidity. 
Recently developed minimally invasive sacroiliac joint fusion 
is a promising option, but long-term results are lacking. 
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Rib Syndromes 


Costochondritis (Tietze Syndrome) 


Costochondritis involves a painful inflammatory process of 
the costal cartilage. 

The second rib is most commonly affected (4). 

Palpation of the chest wall often reproduces the pain and is 
important in distinguishing this syndrome from a cardiac 
source of pain. 

Bone scan may help confirm the diagnosis and the extent of 
involvement. 

Treatment often consists of anti-inflammatory medications 
or, in refractory cases, a corticosteroid injection. 


Costovertebral Joint Pain 


Costovertebral joint pain is a result of osteoarthritic changes 
and most commonly involves the ribs that are single articu- 
lations with the vertebral bodies (ribs 1, 11, and 12) and the 
ribs that are the longest (ribs 6-8). 

Pain is often unilateral and may be described as achy, burn- 
ing, or radiating. 

Palpation of the costovertebral junction may reproduce pain, 
as can manipulation of the rib. 

The diagnosis may be confirmed with an injection of a local 
anesthetic. 

Treatment may include a corticosteroid injection or surgical 
excision of the affected joint in refractory cases. 


Lower Rib Pain Syndromes (Rib-Tip Syndrome) 


These syndromes involve pain that radiates, generally from 
the lower four ribs, from anterior to posterior. 


The pain is often reproducible with palpation. 


Treatment often consists of anti-inflammatory medications 
or, in refractory cases, a corticosteroid injection (4). 





RETURN-TO-PLAY GUIDELINES 





The decision as to when an athlete may safely return to play 
after an injury to their spine is complex. 


The desire and motivation of the athlete to return to play is 
beneficial in that they tend to comply with physician recom- 
mendations with regard to treatment. However, that same 
desire leads them to be less apt to comply with recommenda- 
tions regarding duration of abstinence from sporting activity. 
There is a wide variation in opinion regarding return-to-play 
criteria and, unfortunately, no strong evidence to guide clini- 
cal decision making. 

Most physicians agree on the basic criteria for normal strength, 
painless ROM, a stable vertebral column, and adequate space 
for neurologic elements prior to return to play. 
Considerations in the decision to return an athlete to play 
include, but are not limited to, the type of injury and the 
typical duration required for healing, anatomic factors that 


could potentially predispose to further injury, the posttrau- 
matic injury status, the particular sport or recreational activity 
and the potential for reinjury, the degree of skill of the athlete 
(e.g., a professional golfer needs to wait longer prior to re- 
turning to golf after a back injury because the torques golfers 
generate are much higher than those of recreational golfers), 
the dependency of the athlete on the sport or recreational ac- 
tivity for income (e.g., recreational vs. professional), and the 
amount of risk tolerable to the patient and physician. 
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SHOULDER 





E High sensitivity and specificity for diagnosis of both labral 
and rotator cuff abnormalities have been demonstrated with 
magnetic resonance imaging (MRI) on 1.5-T scanners, with 
even greater sensitivity and specificity demonstrated recently 
with higher strength 3.0-T scanners (10,14,15,39). Although 
some authors advocate the routine use of magnetic resonance 
arthrography (MRA) for evaluation of the labrum and partial- 
thickness rotator cuff tears (37), the increasing availability of 
3.0-T MRI may obviate the need to perform MRA in the future. 

E Traumatic shoulder dislocation/subluxation is a common 
athletic injury, and MRI can provide valuable information 
regarding the integrity of the capsulolabral, cartilaginous, 
and osseous structures, which may be injured. 

E The normal glenoid labrum on MRI is a uniformly hypoin- 
tense ovoid rim of fibrocartilage at the margin of the glenoid 
and is triangular in shape on cross-sectional imaging. The 
joint capsule, along with multiple band-like regions of cap- 
sular thickening known as glenohumeral ligaments, attaches 
directly to the glenoid labrum. 

E The most common injury associated with traumatic shoul- 
der dislocation is a Bankart lesion, a detachment of the an- 
teroinferior labrum and capsule from the glenoid rim, first 
described by Bankart in 1923 (2) (Fig. 46.1). A number of 
“Bankart variants” have subsequently been described, all 
of which involve injury of the anteroinferior capsulolabral 
complex and are associated with clinical shoulder instability 
(19) (Fig. 46.2). A tear (detachment) of the glenoid labrum 
is diagnosed on MRI as abnormal morphology of the labrum 
and/or curvilinear hyperintensity traversing the labrum or 
between the base of the labrum and glenoid rim. 

ŒE A Hill-Sachs lesion is an osseous impaction injury of the 
posterolateral humeral head, which is often seen on MRI 
subsequent to anterior shoulder dislocation (Fig. 46.3). 
An osseous avulsion of the anteroinferior glenoid, which is 





The opinions and assertions expressed herein are those of the authors 
and should not be construed as reflecting those of the Department of 
Defense. 
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6 Magnetic Resonance Imaging in 
the Upper Extremity 


important to surgical management, can also be seen and is 
known as a “bony Bankart” lesion. 
Superior labral tear from anterior to posterior (SLAP) 
lesions of the glenoid labrum are common injuries in ath- 
letes and represent tears of the superior labrum that extend 
in an anterior to posterior direction (Fig. 46.4). Four types 
of SLAP lesions were originally described by Snyder and 
colleagues and have been demonstrated to be accurately 
diagnosed on high-resolution noncontrast MRI (10,23) and 
MRA (16,35): 
E Type 1 lesions are characterized by degenerative fraying 
of the free edge of the superior labrum. 
E Type 2 tears are unstable lesions with avulsion of the 
superior labrum and biceps anchor from the glenoid. 
E Type 3 lesions constitute a bucket handle tear of the supe- 
rior labrum with an intact biceps anchor. 
E Type 4 lesions constitute a bucket handle tear of the supe- 
rior labrum with extension into the biceps anchor (30). 
The classification of SLAP lesions has been expanded fur- 
ther into several additional types, which principally repre- 
sent combinations of the most common form, SLAP type 2 
lesion, with other associated injuries of the labrum and cap- 
sular structures (18). However, the original Snyder classifica- 
tion remains the most widely used (37). 
Tendinosis of the proximal long head of the biceps tendon oc- 
curs frequently in association with impingement syndrome 
and rotator cuff tears (usually subscapularis or leading edge 
of supraspinatus). Biceps instability, manifest on MRI with 
medial subluxation/dislocation of the biceps tendon at the 
level of the intertubercular groove, is associated with injury 
to the structures of the rotator interval (coracohumeral liga- 
ment, superior glenohumeral ligament, superior subscapu- 
laris tendon, and anterior supraspinatus tendon) (21). 
Impingement syndrome (IS) of the shoulder is a clinical 
diagnosis and constitutes a range of pathology affecting the 
rotator cuff beginning with mild tendinosis and progressing 
to partial- and full-thickness rotator cuff tear (RCT) and 
finally rotator cuff arthropathy. 
Although IS is a clinical syndrome, MRI can provide sup- 
portive diagnostic confidence by revealing any number of 
findings that are highly associated with IS, including a type 
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III acromion process, a subacromial enthesophyte, tendino- 
sis and/or partial- or full-thickness tears of the rotator cuff, 
rotator cuff muscle atrophy with fatty infiltration, and sub- 
acromial subdeltoid bursal fluid. 


E Normal tendons appear as uniformly hypointense curvilin- 
ear bands on all MRI sequences. 


E Tendinosis is seen as either abnormal morphology and/or 
abnormal hyperintense signal of a tendon, but not fluid- 
like signal intensity; findings are true for all tendons imaged 
on MRI. 


E Tendon tears demonstrate abnormal morphology and hy- 
perintense fluid-like signal intensity of the tendon with 
partial or complete focal tendinous discontinuity. MRI has 
been demonstrated to be highly accurate for diagnosis of ro- 
tator cuff tendon tears (91% sensitivity and 88% specificity 
for all tears in a study conducted by Zlatkin et al. [39], and 
95% and 84% accurate for full- and partial-thickness tears, 
respectively, in a study by Raffi et al. [26]). Fluid distention 
of the subacromial subdeltoid bursa is a secondary sign often 
seen associated with RCT. 





Figure 46.1: Axial fat suppression intermediate-weighted MRI 
demonstrating evidence of prior unidirectional anterior instability with 
a torn anterior labrum (Bankart lesion) (arrow). 


T1 SPR SENSE TR=519.45 TE=17 





Figure 46.2: A: Axial fat suppression intermediate-weighted MRI of the shoulder demonstrating an anterior labral tear, a 
Bankart variant lesion (Perthes lesion) with an intact scapular periosteum (arrow). B: Abduction-external rotation (ABER) fat 
suppression intermediate-weighted MRI of the same shoulder further demonstrating the Bankart variant lesion (Perthes lesion) 
with an intact scapular periosteum (arrow). 
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Figure 46.3: Coronal T1 MRI of the same shoulder demonstrating 
a Hill-Sachs deformity of the posterosuperior humeral head; further 
evidence of prior unidirectional anterior instability. 


Figure 46.4: Coronal fat suppression intermediate-weighted MRI 
demonstrating a superior labral anterior to posterior (SLAP) type 2 le- 
sion of the superior labrum. Arrows denote torn and separated portions 


E In the case of full-thickness RCT, the degree of tendon retrac- 


tion and muscle atrophy/fatty infiltration should be noted 
because these findings portend poorer postsurgical functional 
outcomes and can significantly influence clinical management 
(8,36). On MRI, muscle atrophy is diagnosed as fatty infil- 
tration of the muscle (linear/streaky T1 hyperintense signal 
throughout the muscle) and decreased overall muscle bulk. 
The use of abduction-external rotation (ABER) positioning 
sequences in shoulder MRI can aid in detection of intra- 
articular pathology. Tirman et al. (32) found increased de- 
tection rates of partial-thickness articular surface RCTs with 
imaging in the ABER position on MRA in overhead-throwing 
athletes, and Cvitanic et al. (7) found increased accuracy in 
detection of anteroinferior labral injuries with imaging in 
the ABER position. 

Internal posterosuperior impingement (PSI) of the shoulder 
occurs commonly in overhead movement (throwing, tennis) 
athletes when the posterior glenoid labrum and rotator 
cuff tendons (supraspinatus and infraspinatus) are repeat- 
edly wedged between the humeral head and posterosuperior 
glenoid rim during maximal cocking of the arm in abduction 


of the labrum, with intervening bright fluid signal seen. 


and external rotation. MRI findings of PSI include partial 
articular-sided tearing of the supraspinatus and infraspinatus 
tendons, posterosuperior labral abnormalities and glenoid 
degenerative changes, and cystic changes in the superolateral 
humeral head (6) (Fig. 46.5). 

The clinical syndrome of adhesive capsulitis (“frozen 
shoulder”), manifest as shoulder pain and stiffness, can be 
suggested on MRI and typically confirmed on direct MRA 
with findings of capsular thickening and reduced capsu- 
lar volume (especially in the axillary recess) and hypoin- 
tense granulation/fibrous tissue within the rotator interval 
(Fig. 46.6). The essential abnormal lesion involves a patho- 
logically rigid and inelastic coracohumeral ligament (17,21). 
MRI allows imaging evaluation of injuries to the pectora- 
lis major musculotendinous unit, an injury often found in 
weightlifters, and can accurately identify high-grade partial 
and complete tears, which have better outcomes with surgi- 
cal repair shortly after time of injury. Clinical examination 
shortly after injury is often difficult due to localized swelling 
and pain, limiting accurate evaluation of the musculotendi- 
nous integrity (5,13). 
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Figure 46.5: A: Coronal fat suppression intermediate-weighted MRI demonstrating evidence of internal posterosuperior 
impingement (PSI) with a delaminating partial-thickness tear of the supraspinatus tendon articular surface (arrow). B: Axial fat 
suppression intermediate-weighted MRI of the same shoulder demonstrating further evidence of internal PSI with a posterosupe- 
rior quadrant labral tear (arrow). 


E Acromioclavicular (AC) joint separations are classified into 
six types (Rockwood classification) (27). Type I consists of 
partial disruption of the AC joint capsule. Type II consists 
of disruption of the AC joint capsule and partial disruption 
of the coracoclavicular (CC) ligament. Type II through VI 
injuries all result from double disruption of the suspensory 
ligaments of the shoulder (AC and CC ligaments) and may 
be treated surgically. MRI can help establish disruption or 
integrity of these suspensory ligaments, especially in cases 
wherein radiographic and clinical findings are confounding 
(especially differentiating between types II and III) (1). 

E MRI has been shown to be accurate for cartilage evaluation 
and, with appropriate sequences, is useful for evaluating 
chondral injuries and postoperative changes (24,29). 





ELBOW 





E Most sports-related elbow injuries are adequately evalu- 
ated with noncontrast MRI. Triplanar imaging of the elbow 
should be performed with some combination of T1, T2, or 
STIR (water-sensitive) sequences, and high-resolution carti- 
lage-sensitive sequences. Imaging can be performed with the 
elbow either at the patient’s side or with the arm positioned 
overhead. MRA is generally unnecessary, although it may be 
helpful for loose body evaluation. 





E Evaluation for epicondylitis, while typically a clinical diag- 


Figure 46.6: Coronal T1 MRI demonstrating a finding that can be TOSS 157a COTTON indication for MRI. An advantage of 
seen in the clinical syndrome of adhesive capsulitis with abnormal cap- MRI includes characterization of severity of tendinosis and 
sular thickening in the region of the axillary pouch of the glenohumeral partial- or full-thickness tendon tears and evaluation and/or 


joint (arrow). exclusion of other possible causes of elbow pain. 


The term epicondylitis implies that inflammation is present 
and is a misnomer. The preferred term of tendinosis (of the 
elbow) more accurately describes the histology of mucoid 
degeneration and vascular hyperplasia that exists within the 
diseased tendon (12). 

Tendinosis of either the common flexor-pronator tendon or 
extensor tendons about the elbow is seen as thickening and 
abnormal hyperintensity within the tendon origin. Partial- 
or full-thickness tears can be seen as fluid-like signal inten- 
sity within the tendon origin, an important finding directing 
patient treatment (33). 

Lateral epicondylitis (tennis elbow) commonly affects tennis 
players, although it is more common in nonathletic popula- 
tions; it occurs with activities involving repetitive pronation 
and supination of the forearm with the elbow in extension. 
The tendinosis principally affects the extensor carpi radialis 
brevis tendon portion of the common extensor tendon with 
tenderness over the lateral epicondyle. When MRI is used to 
evaluate lateral epicondylitis, imaging findings of tendinosis 
and degree of tear correlate well with surgical findings (33). 


Medial epicondylitis (golfer’s elbow), although less common 
than lateral epicondylitis, is mainly seen in athletes. The ten- 
dinosis principally involves the flexor carpi radialis and pro- 
nator teres tendons at the medial condylar origin and shows 
MRI findings of tendinosis and/or tearing as described 
previously (34). 

Distal biceps complete tendon rupture occurs almost exclu- 
sively in men and is the result of a single traumatic event with 
sudden forceful extension. Tears may be accurately charac- 
terized on MRI as partial or complete and typically occur 
at the insertion site of the tendon into the radial tuberosity. 
Complete tears are seen as focal discontinuity of the tendon, 
and tendon retraction can also be characterized (33). 


MRI is useful in evaluating partial or complete sprains of the 
collateral ligaments about the elbow. 


Repetitive or excessive valgus stress of the elbow, as can be en- 
countered in throwing athletes, may result in partial or complete 
rupture of the anterior band of the ulnar collateral ligament, 
which normally is a thin dark strand at the medial capsular 
margin of the elbow joint. Most tears of the ulnar collateral liga- 
ment are full thickness and involve the anterior bundle (11). 


Lateral ulnar collateral ligament tears are typically the result 
of an elbow dislocation in young individuals and caused 
by a varus extension stress injury without dislocation in 
adults. Typically tears are full thickness, occur at the proxi- 
mal attachment to the lateral epicondyle, and manifest as a 
focal disruption on MRI (Fig. 46.7). Disruption of the lateral 
ulnar collateral ligament is closely associated with postero- 
lateral rotary instability of the elbow (20,25). 

MRI is extremely useful for detecting occult fractures and 
osteochondral injuries of the elbow. Subtle nondisplaced frac- 
tures of the radial head and supracondylar/epicondylar regions 
in children are readily diagnosed on MRI with linear low signal 
fracture lines with surrounding perifocal marrow edema. 
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Figure 46.7: Coronal fat suppression T2 MRI demonstrating both 
a full-thickness lateral ulnar collateral ligament tear (lower arrow) and 
partial-thickness common extensor tendon tear (upper arrow). 


E Osteochondral abnormalities, such as traumatic osteochon- 
dral injuries, osteochondritis dissecans in the adolescent, and 
osteochondrosis of the capitellum (Panner disease) in chil- 
dren, are well characterized with MRI. Osteochondral lesions 
can be characterized as stable or unstable with MRI evalua- 
tion with unstable fragments circumscribed by high T2 sig- 
nal (fluid equivalent) between the fragment and the parent 
bone (28). Chondral surface irregularities and intra-articular 
loose bodies should also be commented upon. 

E An apophyseal stress injury of the medial epicondyle apoph- 
ysis (little leaguer’s elbow) can be seen in children involved 
as throwing athletes. MRI may be useful in revealing linear 
fluid signal at the synchondrosis and associated perifocal 
marrow edema. 





WRIST AND HAND 





Œ MRI evaluation of the wrist and hand is commonly obtained 
for evaluation of intrinsic ligament tears, tears or degenera- 
tion of the triangular fibrocartilaginous complex, ganglion 
cysts, carpal tunnel evaluation, and tendon abnormalities. 
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MRI technique of the wrist and hand should include triplanar 
imaging with high-resolution sequences, using small dedicated 
surface coils and small fields of view. T1 and high-resolution 
intermediate-weighted sequences provide excellent anatomic 
detail, whereas T2-weighted (water-sensitive) sequences are 
useful for visualizing most pathologic conditions. 

All normal tendons of the hand and wrist are uniformly low 
signal intensity tubular-shaped structures. 


The main flexor tendons of the digits contained within the 
carpal tunnel, which are clearly evaluated on axial sequences, 
include the flexor digitorum superficialis, flexor digitorum 
profundus, and flexor pollicis longus tendons. 


The median nerve is also within the carpal tunnel, is seen 
as an intermediate-intensity tubular structure with visible 
internal fascicles, and is located adjacent to the flexor reti- 
naculum. Compression of the median nerve within the car- 
pal tunnel may occur by space-occupying lesions such as soft 
tissue masses or ganglion cysts, which contribute to the clini- 
cal entity of carpal tunnel syndrome. 

de Quervain disease refers to tendinopathy and stenosing 
tenosynovitis of the first dorsal extensor compartment ten- 
dons, composed of the abductor pollicis longus and exten- 
sor pollicis brevis tendons (9). Although often idiopathic, de 
Quervain disease occurs often in athletes involved in racket 
sports and golfing. MRI findings include thickening and 
abnormal hyperintense signal of the first compartment ten- 
dons and tenosynovial effusion (tenosynovitis) (3). 

With respect to the dorsal extensor tendons of the wrist, teno- 
synovitis is only common involving the extensor carpi ulnaris 
(ECU) tendon, which frequently is associated with instability 
of the tendon with a tendency to ulnar subluxation during 
supination. MRI findings of tenosynovitis and tendinosis of 
the ECU parallel that of other tendons with abnormal tendon 
signal and thickening and tenosynovial effusion (3). 


The intrinsic ligaments of the wrist are important stabiliz- 
ers of the wrist and can be accurately evaluated with high- 
resolution MRI (38). Scapholunate instability, the result of a 
full-thickness scapholunate ligament tear, is the most com- 
mon carpal instability. The scapholunate ligament has a vari- 
able appearance on MRI, with a more uniform low signal 
intensity appearance at its thick dorsal band and more inter- 
mediate signal intensity of its volar band. MRI sensitivity for 
scapholunate ligament tears is better than for lunotriquetral 
ligament tears. Complete tears are seen as a focal discontinuity 
of the ligament or complete absence of the ligament. Some 
advocate the use of MRA, which may have slightly increased 
sensitivity of detection of intrinsic ligamentous tears (3). 

Triangular fibrocartilaginous complex (TFCC) is a complex 
structure whose main components are composed of a 
thin central disc, volar and dorsal radial ulnar ligaments, 
the ulnar collateral ligament, and the ECU tendon sheath. 
Various avulsions or perforations of the components of the 
TFCC may occur due to traumatic or degenerative tear- 
ing, the exact locations of which can be verified on MRI to 
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direct further treatment (22). TFCC tears are associated with 
ulnar-sided wrist instability and pain. 

E Ulnar impaction syndrome is a clinical entity with associ- 
ated imaging findings of positive ulnar variance, degenera- 
tive tears of the TFCC, and degenerative arthritic changes 
involving the distal ulna and ulnar aspect of the lunate and 
triquetrum. MRI can demonstrate these findings as well 
as earlier findings of ulnar aspect lunate chondromalacia, 
which may direct earlier treatment (40) (Fig. 46.8). 


E “Gamekeeper’s thumb” or “skier’s thumb” is a common ul- 
nar collateral ligament injury of the metacarpal-phalangeal 
joint of the thumb typically occurring in skiers, which is gen- 
erally apparent on physical examination. MRI plays a role 
in confirmation of the diagnosis and in further evaluation 
of a possible complication termed a Stener lesion, wherein 
the torn and retracted ulnar collateral ligament is positioned 
abnormally superficial to the adjacent adductor pollicis apo- 
neurosis. On MRI, the retracted ligament appears as a tiny 
balled-up mass of tissue superficial to the aponeurosis (31). 
This is an important finding because surgical intervention of 
this ligament is usually reserved for Stener lesions (40). 


HB Nondisplaced carpal bone fractures can be occult and poorly 
recognized on conventional radiographs. MRI is clearly use- 
ful in identifying such fractures, especially with use of water- 
sensitive sequences to detect bone marrow edema. MRI is 
particularly useful in identification of occult carpal fractures 
of the scaphoid and hook of the hamate. 


ŒE MRI is extremely sensitive for bone marrow abnormalities and 
hence useful for evaluation of avascular necrosis in the scaph- 
oid and lunate bones. MRI for assessment of osseous fragment 
vascularity in avascular necrosis—affected carpal bones is best 
achieved with gadolinium-enhanced MRI sequences (38). 





Figure 46.8: Coronal fat suppression intermediate-weighted MRI of the 
wrist demonstrating the sequela of ulnocarpal abutment. There is chondro- 
malacia and subchondral cyst formation of the proximal ulnar -aspect of 
the lunate at the ulnolunar articulation. In addition, a full-thickness central 


disc tear of the triangular fibrocartilage complex is present (arrow). 
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Figure 46.9: Coronal fat suppression T2 fast spin echo MRI of the 
hand demonstrating a full-thickness tear of the ulnar collateral ligament 
and capsular disruption of the small finger. 


E Finger injuries are a common traumatic injury in both 
sports and work-related activities. With dedicated small sur- 
face coils and high-resolution imaging sequences, MRI of 
the finger can accurately evaluate the integrity of the flexor 
and extensor tendons, collateral ligaments, and pulley system 
of the fingers (Fig. 46.9). Lesions caused by hyperextension 
are those most frequently seen in sports medicine practice. 
Commonly torn or avulsed structures include the volar plate, 
flexor tendons, or annular pulleys. Injuries common to the 
athletic population include both a “mallet finger” deformity 
resulting from avulsion of the terminal extensor tendon 
from the base of the distal phalanx and the “jersey finger” 
deformity resulting from avulsion of the flexor digitorum 
profundus tendon from the volar distal phalanx (4). 
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CLASSIFICATION 





Instability of the shoulder is a common problem. The incidence 
of shoulder instability has a broad variability based on sports- 
specific demands, mechanism of traumatic injury, and patient 
age and gender; therefore, a specific incidence rate for all ath- 
letes is impossible to determine. There are three basic categories 
of instability. Instability should be considered as a spectrum of 
pathology. Unidirectional traumatic instability is on one end of 
the spectrum, and acquired instability and atraumatic multidi- 
rectional instability (MDI) are at the other end (32). 


Traumatic 


Traumatic instability is further classified by the direction the 
humerus subluxates or dislocates in relationship to the glenoid. 
Anterior: Fall with the arm in an abducted and externally 
rotated position or an anterior force with the arm in abduc- 
tion and external rotation (arm tackling in football, falling 
while snow skiing). 

Posterior: Posterior directed force with the arm forward ele- 
vated and adducted (motor vehicle accident or pass blocking 
in football). Grand mal seizure or electrical shock can also 
produce a traumatic posterior dislocation. 


Acquired 


Microinstability: Subtle instability associated with pain in a 
throwing athlete or associated with rotator cuff tendinosis/ 
dysfunction. This instability can occur from repetitive 
stretching of shoulder ligaments from daily activity or sports 
participation. 


Atraumatic 


Multidirectional: These patients have symptomatic gleno- 
humeral subluxation or dislocations in more than one direc- 
tion. Many patients will present with severe pain as an initial 
complaint and not overt instability. For treatment purposes, 
it is important to differentiate by patient history and physical 
examination the primary direction of instability. 

E Primary anterior: Pain associated with the arm in an 

abducted, externally rotated position 
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E Primary posterior: Pain with pushing open a heavy door 

E Primary inferior: Pain associated with carrying heavy 
objects at the side 

Shoulder instability can be further classified: 

E Degree of instability: Dislocation, subluxation, apprehension 

E Chronology of instability: Congenital, acute, chronic, 
recurrent 

E Direction of instability: Anterior, posterior, inferior, superior 

E Laxity is not instability: Laxity refers to translation of the 
humerus within the glenoid fossa. Many individuals are 
extremely lax but are asymptomatic. Instability refers to 
the symptomatic complaint of instability and dysfunction. 





PATHOLOGY OF INSTABILITY 





The primary pathologic entity for traumatic instability is 
disruption of the anterior inferior labrum from the glenoid 
(Bankart lesion) combined with concomitant but variable 
damage to the capsule. The primary pathology for MDI is a 
loose, redundant capsule. 


Dynamic Restraints 


This is a term that refers to the stability provided by contrac- 
tion of the rotator cuff (supraspinatus, infraspinatus, sub- 
scapularis, and teres minor) and scapular stabilizers (serratus 
anterior, trapezius, and levator scapulae). The long head of 
the biceps can stabilize when contracting as well as the acro- 
mial arch (coracoacromial ligament and conjoined tendon). 


Static Restraints 


These restraints comprise bony, ligamentous, and labral ana- 

tomy that restrains translation statically and is independent 

of muscle contraction. It is important to recognize that the 
shoulder capsule only stabilizes the joint at the end ranges of 
motion similar to a checkrein. 

E The labrum provides stability to the humeral head like a 
chock block for a tire. It is a fibrocartilaginous structure at- 
tached to both the capsule and the glenoid. It surrounds the 
entire glenoid and is tightly attached in the anterior inferior 
quadrant, has a variable attachment in the superior quad- 
rant, and is generally less prominent posteriorly. 


E The glenohumeral ligaments represent thickenings of the 
shoulder capsule. These are checkreins for stability. They 
are best visualized arthroscopically on the inside of the 
capsule but are difficult to distinguish on the outside as 
with open surgery. 


E Negative pressure, adhesion/cohesion 


Finite joint volume limits end ranges of motion. 


E Joint conformity is increased with an intact capsulolab- 
ral complex that provides concavity to an otherwise flat 
glenoid. 


Congenital Factors 


E Individual collagen laxity 
E Bone configuration (small glenoid, retroverted glenoid) 
E Age 


CLINICAL PRESENTATION 
(PHYSICAL EXAMINATION) 





E Examination: A careful and complete vascular and neuro- 
logic examination is essential. The frequency of axillary nerve 
injuries increases with age, with incidence of 5%-35% (6). 


Traumatic Dislocation 


E Anterior: This patient is in acute distress. Arm is held in slight 
abduction and internal rotation. There is a loss of deltoid 
contour, and there will be a prominence of the acromion (2). 

E Posterior: Associated either with a high-energy event with a 
posterior directed force or a subluxation. Arm is held in sig- 
nificant internal rotation. An anterior dimple can be appreci- 
ated. A hallmark physical examination feature is inability to 
externally rotate the arm with the humerus lodged behind 
the posterior edge of the glenoid. 


Atraumatic Multidirectional 


E These patients present with complaints of pain and multiple 
subluxation events. A hallmark physical examination feature 
is generalized ligamentous laxity and a sulcus sign. These 
patients may or may not have global joint laxity and, due to 
pain and spasm, sometimes do not have significant glenohu- 
meral translation (25). 


Radiographic Examination 


E It is essential to obtain at least three views of the shoulder to 
determine direction of dislocation and also to ascertain the in- 
volvement of other bony pathology. It is important to obtain 
at least two orthogonal views to avoid missing a dislocation. 
E Anteroposterior (AP): The arm is held in slight internal 

rotation. This view will assist in identification of greater 
tuberosity fractures. The glenoid in profile or an AP with 
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the beam angled perpendicular to the glenohumeral joint 
will allow more accurate identification of glenoid rim 
fractures. 

E West point: This is a special view taken with the patient 
prone and the beam directed inferiorly. It is a view that 
allows visualization of the anterior glenoid with no other 
overlying bone involvement. A traditional axillary view 
is also very useful for evaluating direction of dislocation 
and fractures of the glenoid. 

E Supraspinatus outlet view, scapular lateral view, or 
Y view: This is a lateral view of the shoulder that can pro- 
vide information on direction of dislocation as well as 
angulation of proximal humerus fractures. 


E Stryker notch: This is a view taken to evaluate the humeral 
head. A Hill-Sachs lesion is an impression fracture of the 
humeral head and, if large enough, can impact on clini- 
cal outcome. The patient is supine with the shoulder and 
elbow flexed and the beam directed through the axilla. 





IMAGING 





E Various imaging technology is used to quantify the amount 
of capsular labral damage as well as evaluate the articular 
surface, rotator cuff, and bony architecture. 

= Computed tomography arthrography: This study allows 
axial cuts to evaluate glenoid morphology (amount of excess 
retroversion or anteversion) with size and shape of glenoid 
fracture fragment. 

E Magnetic resonance imaging (MRI): The MRI allows visual- 
ization of the articular cartilage and rotator cuff. It also allows 
visualization of the glenolabral structures and capsule and 
can indicate whether there is a humeral avulsion of the gleno- 
humeral ligaments (HAGL), which would predicate a much 
different operative course. 

E Magnetic resonance arthrography (intra-articular gado- 
linium): Shown to have the best sensitivity, specificity, and 
accuracy when compared to computed tomography arthrog- 
raphy and MRI for documenting glenolabral pathology (10). 





METHODS OF REDUCTION 





E After a complete history, physical examination, and radio- 
graphic evaluation, reduction should be completed as 
quickly as possible. 

E Rockwood (traction/counter-traction) method: An 
assistant provides counter-traction with a sheet draped 
around the torso stabilizing the chest. The caregiver then 
applies counter-traction of the dislocated extremity dis- 
tally. Slight internal and external rotation may be used to 
“free” up the engaged humeral head (26). 

E Stimson method: The patient is placed in a prone 
position with the thorax supported by the table. Five 
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to 10 lb of weight are applied to the wrist with the arm 
straight. In time, the muscle will relax and the shoulder 
will be reduced (21). 

E Westin method: Stockinette is placed around the proxi- 
mal forearm flexed at 90 degrees, and the patient is 
sitting. A foot is placed in the loop created by the stocki- 
nette and a gentle force applied with internal and external 
rotation (33). 

E Scapula manipulation technique: The patient is placed 
prone with the arm flexed, hanging over the gurney or 
table, and 5-15 lb of traction are placed at the elbow. 
The scapula is rotated medially by pushing medially on 
the inferior tip and rotating the superior aspect of the 
scapula outward. 

E Milch technique: The patient is supine, and the arm is 
elevated slowly to 90 degrees. It is then abducted with 
external rotation, and thumb pressure is used to gently 
reduce the shoulder (24). 

E Kocher technique: The arm is flexed to 90 degrees, 
and traction is applied in the line of the humerus. The 
arm is then fully externally rotated and then adducted 
across the chest. The arm is then internally rotated until 
the hand is placed on the opposite shoulder. This has 
been associated with proximal humerus fractures in the 
elderly (26). 





POSTREDUCTION CARE 





It is paramount to examine and document neurovascular 
status before and after reduction. A sling can be provided 
for comfort, and pendulum exercises should be taught to 
the patient. Follow-up evaluation should be in 10-14 days 
when spasm and pain have subsided. Rehabilitation can then 
be employed to establish full strength and range of motion 
(ROM) (2). 

Rotator cuff injury: In patients over 40 years, tears of the 
rotator cuff can occur with an incidence of 15% (27). In 
patients over 50, there is a 63% incidence of rotator cuff 
pathology or proximal humerus fractures (29). 

Axillary nerve injury: This complication has been re- 
ported to be between 1% and 7%. At 4 weeks postre- 
duction, if active abduction cannot be established, an 
electromyogram (EMG) may be necessary to diagnose and 
follow an axillary nerve injury. Full functional and EMG 
recovery is typically documented 3—6 months after this 
complication (2). 

Proximal humerus fractures: Fractures of the greater tuber- 
osity have been observed in up to 40% of patients older than 
the age of 50. Displacement of 1 cm may require surgical 
treatment. 

Note: Associated injuries involving the rotator cuff, proximal 
humerus fractures, and axillary nerve injuries increase with 
age at time of dislocation. 
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NATURAL HISTORY AND 
NONOPERATIVE TREATMENT 





E Traumatic anterior: Recurrence rates after primary dis- 
location: 

E 65%—95% in patients younger than 20 years depending 
on the author 

E 60% in patients 20—40 years old 

E 10% in patients older than 40 years old 

E Early research demonstrated that immobilization had little 
effect on outcome (17,23,30). There are new, recent data that 
arm position with immobilization may play a role in nonop- 
erative treatment. Immobilization of the arm in 35 degrees of 
external rotation better approximates the labrum to the gle- 
noid than the traditional position of internal rotation (15,19). 

E Posterior: Posterior subluxation patients responded bet- 
ter to nonoperative treatment than anterior subluxation 
patients (9). 

HB Multidirectional instability (MDI): The natural history of 
MDI patients involves a much larger spectrum of pathology. 
Eighty percent of patients diagnosed with MDI respond fa- 
vorably to nonoperative treatment (9). 





REHABILITATION 





Œ Rehabilitation for instability involves activation of the dynamic 
stabilizers of the shoulder to aide in the overall stabilization. 
There are three main components — ROM, strengthening, 
and brace wear. 

ŒE ROM: Full external, internal, abduction, and forward eleva- 
tion should be established. This is obtained by passive, active 
assisted, and finally active ROM. A trained therapist is criti- 
cal for accuracy of movement, safety, and motivation. 

E Strengthening: This begins with isometric contractions 
within a ROM that is comfortable for the patient. Once this 
is established, dynamic exercise band exercises can begin. 
Finally, isokinetic and isotonic strengthening with a com- 
plete arc of motion complete the program. Strengthening of 
the rotator cuff and scapular stabilizers is critical. Scapular 
dyskinesis is often a byproduct of instability and must be 
corrected to maintain shoulder stability. 

E Brace: Braces are used to limit the “at-risk” position for 
return to sports. 

E Shoulder Subluxation Inhibitor (SSI) brace (Boston Brace 
International): Limits motion and protects against blows. 

E The SAWA Shoulder Orthosis (Brace International) 
provides anterior support and adds a checkrein. 


E The Duke—wire harness—lace up corset 


E The SSI brace was the most effective in limiting anterior 
shoulder subluxation, whereas the SAWA was considered 
to be the most comfortable (13). 





OPERATIVE TREATMENT OPTIONS 





E Recurrent traumatic anterior: Recurrence rates in the 


young athletic population after nonoperative treatment 
are unpredictable (65%—95%). Surgical stabilization 
should be considered in a young athlete who desires re- 
turn to sport. Arthroscopic surgery has the advantage of 
creating less morbidity and allowing a more detailed ex- 
amination of the shoulder. Although controversial, acute 
stabilization in the high-demand patient has been very 
successful and should be considered in the correct setting 

(3,7,14,20). 

E Arthroscopic results: Arthroscopic techniques have 
evolved over the last 35 years. The literature is replete with 
methods involving staples, transglenoid sutures, cannu- 
lated implants, and suture anchors. In the last 3—5 years, 
arthroscopic techniques have evolved to the level where 
they mimic the open technique. This involves plication of 
redundant inferior capsule, reattachment of the anterior 
inferior labrum directly to bone with suture anchors, 
and closure of the rotator interval. Recent reports place 
the recurrent dislocation event after surgery at 5%-15% 
(4). In high-demand patients, the risk of a recurrent 
subluxation event was 15% (2 of 13 patients), with one 
requiring surgery (22). 

E Open results: Historically, many procedures have been 
described for glenohumeral instability. Many of these 
did not repair the labral lesion, and high rates of instabil- 
ity were still found. Only the open Bankart suture repair 
and coracoid process transfers (Bristow and Laterjet) 
are currently being performed by almost all orthopedic 
surgeons. 


1 Magnuson-Stack — muscle transposition of the 
subscapularis 
4 Putti-Platt — shortening of the subscapularis and 


capsule 

Bristow — transfer of the coracoid process 
Weber — osteotomy of the proximal humerus 
Meyer-Burgdorff — osteotomy of glenoid 
Gallie — reconstruction with fascia lata 

Nicola — biceps tendon through humeral head 
Du Toit — staple repair of labrum 


Bankart — suture repair of labrum 
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Laterjet transfer of the coracoid process 

E Open versus arthroscopic results: A recent systematic 
review identified over 60 studies reporting results of 
arthroscopic procedures for chronic anterior shoulder 
instability or comparisons between arthroscopic and 
open surgery. The failure rates of older arthroscopic 
techniques using staples or transglenoid suture tech- 
niques were significantly higher than failure rates for 
open or arthroscopic stabilization using suture anchors 
or bioabsorbable tacks. The meta-analysis concluded that 
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arthroscopic stabilization using newer techniques had a 
similar rate of failure compared to open stabilization 
after 2 years (16). 


E Another recent systematic review comparing arthros- 
copic with open stabilization procedures concluded 
that further research is needed. Randomized con- 
trolled trials that are sufficiently powered, use valid- 
ated outcome measures, and have long-term follow-up 
are required (28). 


Bankart lesions (tears of the anterior inferior labrum) were 

found in 84% of patients with continued instability after 

surgery. Stability was restored in 92% with repair of labrum. 

Uncorrected capsular redundancy was also a reason for 

failure in over 80% of patients (31). 

E Bone reconstruction: There are instances where the 
anterior inferior glenoid has a large fracture or is deficient 
secondary to impaction or chronic instability. In these 
instances soft tissue procedures are not adequate, and bone 
graft may be required. 

“1 Glenoid deficiency: A 21% glenoid defect caused 
instability and limited ROM after Bankart repair (18). 
For large defects, two procedures exist: 

Laterjet/Bristow: Coracoid bone transferred to the 
glenoid (8). 

Extracapsular iliac crest: Iliac crest autograft 
placed extracapsular with 3.5-mm screws; 20 of 
21 patients with excellent results after chronic 
instability (11). 

4 Hill-Sachs lesion: If the humeral head lesion is large 
(> 33%) or engages the glenoid in a functional ROM, 
then various procedures can be considered (8). 

Humeral head allograft 
Open capsular shift 
Lesser tuberosity transfer with subscapularis tendon 


Rotational osteotomy of the humerus 


E Recurrent traumatic posterior: This is a less frequent mul- 


tifactorial condition with several modes of presentation. 


E Open capsular posterior shift: Associated with a poste- 
rior Bankart lesion and good success. Posterior capsule 
is shifted superiorly and laterally through a posterior 
approach (5). 

E Arthroscopic: Suture anchor or bioabsorbable tack fixa- 
tion arthroscopically of the posterior Bankart lesion; 
associated with an 8% reoperation rate for failure (34). 


E Acquired microinstability: This is a condition that exists 
in the throwing or overhead athlete. Subtle anterior 
instability may lead to an impingement of the articular 
supraspinatus/infraspinatus tendons against the poste- 
rior superior labrum termed internal impingement. 


Multidirectional: Open inferior shift: This procedure, 
first reported by Neer and Foster (25), has been suc- 
cessful. Reports of 2%-8% failure rates in MDI patients 
(12,25). 
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Rotator Cuff Pathology 


Patrick St. Pierre 





HISTORY 





E John Gregory Smith published the first detailed series of 
rotator cuff ruptures, describing seven cases obtained by 
grave robbing, in a letter to the editor of the London Medical 
Gazette in 1834. Muller and Perthes were the first to perform 
repairs in the late 1800s. Codman and later McLaughlin were 
pioneers in the early 1900s, describing their approach to the 
shoulder and detailing rotator cuff repair techniques that 
have been followed until today (9). 

E In 1972, Charles Neer II (33) first proposed the phrase 
“impingement syndrome’ for pain involving the subacromial 
bursa and superior rotator cuff. He described the clinical 
presentation of the painful shoulder and proposed a mecha- 
nism for how the pathology developed. He noted that many 
of these patients had a hooked acromion, and his hypothesis 
was that the bursa and rotator cuff were impinged between 
the humeral head and acromion with elevation of the arm. 
This would usually start as mild inflammation of the tendon, 
would progress to fibrosis and tendonitis, and eventually 
could lead to full-thickness rotator cuff tear. 





IMPINGEMENT OR ROTATOR CUFF 
SYNDROME (33,34) 





E Stage I, as described by Neer, included edema and hemor- 
rhage in the tendon. Tendinosis of the supraspinatus and, 
less frequently, the infraspinatus or subscapularis is involved. 


E Stage II consisted of fibrosis and tendonitis in the subacro- 
mial space. This is a secondary process resulting from the 
underlying etiology. 

E Stage HI resulted in the development of spurs and eventually 
tendon rupture. 

The long head of the biceps tendon may also be involved 
with pathology ranging from inflammation to rupture (12). 
Dislocation of the biceps tendon from the bicipital groove 
is pathognomonic for a tear of the upper border of the sub- 
scapularis muscle from its humeral insertion (17,18). 

E Pain will often occur along the anterior-lateral acromion, 
in the infraspinatus fossa, or distally at the deltoid insertion 
on the humerus. This pain is likely to be referred pain from 








the inflamed bursa, which irritates the deep deltoid. Pain 
referring proximally to the neck usually originates from the 
acromioclavicular (AC) joint (10,39,41,46). 

There have been several other etiologies proposed for shoul- 
der pain emanating from the subacromial space following 
Dr. Neer’s initial description (23,24,40). These different 
etiologies may or may not lead to actual impingement of the 
cuff by the acromion. Because multiple pathologies are often 
factors in this condition, including tendinosis and bursitis, 
the best global term to describe this condition is rotator cuff 
syndrome, reserving impingement syndrome for cases of 
true external impingement caused by AC arthritis or from 
the development of a coracoacromial (CA) ligament spur. 
Specific etiologies, as discussed later, may also be used. 





PATHOPHYSIOLOGY 





Rotator Cuff Syndrome 


Historically, patients will occasionally remember a direct 
blow or some other form of trauma. There may be history of 
a traction injury or a fall directly on a patient’s shoulder. 
Overuse injury is also a frequent cause of this syndrome. 
Patients will often not recall a specific injury but may have 
carried luggage all weekend, cleaned out their attic, or 
worked on their car. Frequently, repetitive overhead activity 
such as tennis, softball, or swimming is the causative factor. 
These conditions occur primarily because of injury to the 
rotator cuff causing tendinosis and rotator cuff dysfunction. 
The subacromial impingement occurs chronically with the 
development of subacromial spurs and superior humeral 
head migration due to lower rotator cuff inhibition or fatigue. 


Secondary Impingement 


Subtle shoulder instability can lead to rotator cuff dysfunc- 
tion and thus to rotator cuff syndrome. Jobe and colleagues 
described this as secondary or internal impingement syndrome 
(23,24). This condition was originally noted in overhead- 
throwing athletes, but should be suspected in all younger ath- 
letes who complain of “impingement”-type pain. Treatment of 
this condition must address the underlying instability and not 
just the secondary pathology in the subacromial space. 
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Posterosuperior Glenoid Impingement 


This condition, as described by Walch et al. (40), has also 
been proposed as an etiology occurring in patients who play 
repetitive overhead sports such as baseball, tennis, and swim- 
ming. Walch did not find the anterior instability described by 
Jobe in his patients, but rather noted an impingement of the 
supraspinatus and infraspinatus tendons between the pos- 
terosuperior glenoid labrum and the humeral head. 


These internal impingement syndromes are characterized by 
partial tears of the articular surface of the rotator cuff, in dis- 
tinction to the external compression described by Neer (29). 


Whatever the etiology, weakness of the rotator cuff results, 
especially the lower cuff, and superior humeral head migration 
occurs. The humeral head then compresses the bursa and ten- 
don into the acromion, leading to impingement. This causes 
more bursitis, more tendinosis, and eventually more weakness. 
Often with chronic injury, shoulder mechanics will change, 
leading to abnormal scapulothoracic motion. Physical therapy 
will need to include rehabilitation of the scapular stabilizing 
musculature as well as the lower rotator cuff muscles (25). 
Any subacromial changes such as lateral hooking, CA liga- 
ment calcification, or AC joint arthritis (inferior spurs), will 
cause the condition to get worse and will more likely need 
operative intervention than when the acromion is flat. 


Calcific tendinitis 


E The etiology of calcific tendinitis remains unknown. 
Degenerative changes and relative hypoxia have been sug- 
gested as possible explanations. Conservative treatment 
similar to that for rotator cuff syndrome is reported as 
successful in 60%-90% of patients (13,20,31). Repetitive 
needling and injection of local anesthetic have also been 
successful in relieving symptoms and often result in disap- 
pearance of the calcified mass. Infrequently, the patient’s 
symptoms will persist, and the patient will require opera- 
tive intervention. The mass is localized within the sub- 
stance of the tendon while viewing in the subacromial 
space. The calcified substance is then evacuated and de- 
brided. Some argue that a repair of the tendon is not nec- 
essary, but the surgeon should evaluate the cuff after de- 
bridement in each case to determine if repair is necessary. 





EXAMINATION (44) 


Inspection should focus on normal alignment of chest wall, 
shoulders, and clavicle. Have the patient perform active range 
of motion (ROM) in forward flexion, abduction, adduction, 
external rotation, and internal rotation. Look from the back 
and front for asymmetric motion or atrophy. Often patients 
will have a painful arc of motion over 120 degrees of elevation. 
Palpate the AC and sternoclavicular joints, the anterior and 
lateral acromion edges, and the infraspinatus fossa. Tender- 
ness at the AC joint should lead you to further evaluation 
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and treatment of AC joint arthrosis. Cross-arm adduction is 
often painful with AC arthrosis. However, this test is not very 
specific and is often positive with rotator cuff syndrome. 


Palpation of the long head of the biceps tendon within the 
bicipital groove is helpful to determine biceps involvement. 
O’Brien active compression test, Speed test, and Yergason 
test are also used to determine biceps involvement and are 
covered in Chapter 50. 


Strength testing should involve the deltoid, biceps, and 
triceps muscles. Although there is no way to totally isolate 
each of the rotator cuff muscles, the tests that have shown to 
be most specific are the following (26): 


E Supraspinatus: Active elevation against resistance with 
the elbow in extension and the arm elevated to 90 degrees 
and externally rotated to 45 degrees. The hand should be 
supinated to neutral as if holding a full can of soda. 


E Infraspinatus/teres minor: Active external rotation with 
arm at the side and elbow flexed to 90 degrees. 


E Subscapularis: Active internal rotation with elbow flexed 
to 90 degrees and hand placed behind the back. This is 
often referred to as the Gerber lift-off test (17-19). In 
patients who are unable to internally rotate their hand 
behind their back, a belly press test or “Napoleon’s test” 
is performed. The patient places their hand on their belly 
and presses hard into their abdomen while bringing their 
elbow forward in the sagittal plane. Subscapularis tear 
or dysfunction is indicated if they are unable to do this 
maneuver and the elbow stays close to the side (42). 


Lag tests are also often used to detect rotator cuff tears. The 
hornblower’s sign, external rotation lag, and internal rota- 
tion lag tests were described by Gerber and Hertel and are 
helpful to determine subtle weakness (18,22). 


Special tests include the Neer impingement sign and test and 
Hawkins sign. 


E The Neer impingement sign is similar to the supraspinatus 
testing described earlier, except the arm is held in maximal 
internal rotation as if pouring out a can of soda. This ro- 
tates the greater tuberosity under the acromion to elicit a 
painful response if the bursa or tendons are injured. A posi- 
tive Neer test is when a subacromial injection of local anes- 
thetic relieves the pain elicited prior to the injection (33,34). 


The Hawkins test forward flexes the arm to 90 degrees and 
applies maximum internal rotation to the flexed elbow. If 
one supplies downward pressure at the elbow while the 
patient resists, the sensitivity of the exam increases (21,39). 


E The accuracy of these and many other tests in the shoul- 
der have been called into question, however they remain 
the standard as the initial baseline test. Clinical history, 
examination and diagnostic testing must all be used to- 
gether to make an accurate diagnosis (27). 


E A cervical spine examination should be performed if there is 


any concern of radicular symptoms as a factor in diagnosis. 
This is particularly useful in patients older than 50 years of 
age and if painful symptoms radiate distal to the elbow. 





RADIOGRAPHIC EXAMINATION 





E Standard radiographs include anteroposterior (AP), axil- 
lary, and supraspinatus outlet views. These views will allow 
you to determine if there is degenerative joint disease in the 
AC or glenohumeral joints, spurring from the acromion or 
calcification within the tendon (calcific tendonitis). Chronic 
rotator cuff tears will often result in superior humeral head 
migration secondary to atrophy of the lower rotator cuff. 
A true scapular AP view will allow better examination of the 
glenoid, and internal and external rotation view will allow 
better assessment of the humeral head for defects or impres- 
sion fractures. 

E Special radiographs are indicated in certain conditions. 
A supraspinatus outlet view is often obtained to evaluate the 
morphology of the acromion in rotator cuff or impingement 
syndrome. A West Point view is helpful in evaluating the 
anterior glenoid for bony deficiency in cases of instability. 

E Magnetic resonance imaging (MRI) is an excellent tool for 
determining rotator cuff pathology but is often overused 
and/or obtained too soon. 


E Certain signal characteristics are indicative of full tears ver- 
sus partial tears versus AC arthritis. An MRI can determine 
labral pathology (Bankart lesions or superior labral anterior 
to posterior [SLAP] tears), bursitis, acromial morphology, 
and articular cartilage condition. More details about MRI 
for upper extremity injuries can be found in Chapter 46. 


E An MRI does not need to be obtained immediately if the 
patient has full ROM and only complains of pain and weak- 
ness. These patients can be started on the nonoperative treat- 
ment described in the next section, and the vast majority will 
improve. An MRI can be obtained after the next visit if the 
patient’s symptoms have not resolved with therapy. 

E The MRI is useful in determining the extent of the tear and for 
preoperative planning. In larger, chronic tears, the MRI is useful 
for determining atrophy of the muscles and efficacy of repair. 





NONOPERATIVE TREATMENT 





E Rotator cuff strengthening is essential for recovery, and 
many patients improve after surgical intervention because 
they finally commit themselves to the rehab. 


E The focus of rehabilitation should be to reduce inflammation 
(usually bursal), restore motion, and strengthen muscles to 
help stabilize the scapula and humerus. Therapists will start 
with anti-inflammatory modalities, work on ROM, and begin 
periscapular strengthening to stabilize the scapula (25,43). 


E Nonsteroidal anti-inflammatory drugs (NSAIDs) are usually 
helpful to decrease the bursitis and reduce the pain. They are 
not curative in themselves, but decrease pain so the patient 
can do therapy. In rare instances, the pain is severe enough 
for a short course of narcotics. 
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Œ A subacromial injection can be performed as a diagnostic 


test or as part of the treatment plan. When the Neer sign 
is positive, an injection is made into the subacromial space 
using a local anesthetic. The patient is retested after 3—5 min- 
utes, and the Neer test is positive if the pain is relieved. Many 
physicians who are certain of their diagnosis will proceed 
with a therapeutic injection of 2-3 mL of an injectable corti- 
costeroid at the same time. Others will inject a second time if 
the initial injection relieves the patient’s symptoms. 

If there is a diagnostic dilemma between whether the AC joint 
is the cause of pain or the bursa, injections can be performed 
in one location and then the second to determine the source. 
The subacromial injection should be done first because with 
AC pathology, the capsule is often disrupted and an AC in- 
jection is likely to go into the bursa as well. The reader is 
referred to Chapter 72 on injections for more information. 


Once the pain is reduced and the ROM restored, more 
aggressive strengthening exercises are instituted. Internal and 
external rotation exercises using rubber tubing or resistance 
bands are very useful, and the patient progresses to heavier 
tubing as he or she gets stronger. Supine or lateral decubitus 
exercises with small weights are also started at this time. 


Core strengthening exercises to help stabilize the scapula are 
also instituted. These exercises are very important and often 
neglected. Simple exercises such as squeezing the shoulder 
blades together or scapular rows are often effective. Progress 
is monitored by observing normal scapulothoracic motion 
with elevation. If scapular winging is severe or fails to 
improve with treatment, further workup for other etiologies 
such as trapezius or long thoracic nerve palsy should occur. 
Deltoid strengthening should include isolated training of all 
3 parts of the deltoid. 


Strengthening of the supraspinatus is not instituted imme- 
diately because it will aggravate symptoms. Supraspinatus 
strengthening should be started when ROM is restored and 
lower cuff strength is sufficient to allow overhead motion 
without pain. 


Most patients’ symptoms resolve with this program. Injec- 
tions are usually limited to 3, but each patient treatment is 
individualized. Many practitioners are concerned about the 
effects of corticosteroids on the damaged tendon and either 
forego this step or limit the number of injections. Patients 
who have developed subacromial spurs and AC arthritis are 
less likely to improve due to fixed impingement and may 
require surgery. However, a younger patient with normal 
radiographs may get more injections and physical therapy 
prior to surgical intervention. 


SURGICAL INTERVENTION 





E Subacromial decompression: 


E Originally described by Neer as an open operation to 
remove anterior and lateral spurs on the acromion, to 
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remove the inflamed bursa, and for resection or release 
of the CA ligament (33). 


Many believe the development of spurs is a secondary 
process and is not causative in nature as once thought 
by Neer (35). The spurs are usually anterior and me- 
dial and due to calcification of the CA ligament. In- 
spection of the acromion and CA ligament should be 
performed, with the removal of bone only if abnormal 
ossification has occurred. Frequently an acromioplasty 
and CA ligament resection are not necessary. This is es- 
pecially true for articular-sided tears caused by intrin- 
sic pathology. 


Arthroscopy has led to a less invasive approach to decom- 
pression, and the operative goal is usually to convert the 
acromion to a so-called type I acromion. A bursectomy 
and inspection of the cuff are included. 


Pathology of the long head of the biceps tendon is often 
a part of this syndrome. A thorough inspection of the 
biceps tendon intra-articularly and into the bicipital 
groove is necessary. Treatment of these conditions is 
described in Chapter 50. 


E AC joint surgery (also discussed in Chapter 49): 


Originally described as an open operation by Mumford 
(2), 1.5-2.0 cm of the distal clavicle is removal for treat- 
ment of AC joint arthritis (10). 


This surgery relies on the coracoclavicular ligaments 
providing stabilization of the clavicle. The AC ligaments 
are repaired at closure. 

Arthroscopic surgeons have found that resection of 
8-10 mm is all that is necessary for adequate decompres- 
sion and pain relief. 

Often neglected is medial spurring on the acromion at 
the AC joint. This should also be resected with either an 
open or arthroscopic procedure. 


E Rotator cuff repair 


The indications and necessity of rotator cuff repair re- 
main controversial. The fact that many patients with a 
full-thickness rotator cuff tear are asymptomatic indi- 
cates that the mere presence of a hole in the supraspi- 
natus tendon does not necessitate surgical repair. Many 
patients also do well with a simple lower rotator cuff 
rehabilitation program to strengthen and balance the 
anterior and posterior forces providing humeral head 
depression (7). This is especially true of chronic tears 
that present with insidious onset as opposed to those 
that are traumatic in nature (7). Some surgeons advocate 
subacromial decompression alone without repair of the 
rotator cuff (3). 


On the other hand, Yamaguchi et al. (45) have shown 
that many tears will progress, leading to a dysfunctional 
shoulder. Once these tears are large, the muscles will 
atrophy and undergo fatty degeneration, making a func- 
tional repair impossible. A recent study following non- 
operative treatment of rotator cuff tears by MRI (28) 
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revealed that progression of the tear was predicted by 
age > 60 years, presence of a full-thickness tear, and 
fatty infiltration of the rotator cuff muscles. Another 
study in Europe (48) revealed that if initial nonopera- 
tive treatment of massive rotator cuff tears was effec- 
tive, progression of degenerative joint changes occurred 
over 4 years and often led to reparable tears becoming 
irreparable. 


Therefore, most shoulder surgeons will repair rotator 
cuff tears whenever possible. Burkhart has shown us that 
balancing the forces of the infraspinatus and subscapu- 
laris, without necessarily a “water-tight closure,” is often 
sufficient for a successful repair (4—6,8,47). However, 
for large, massive tears, many advocate decompression 
alone or tendon transfers to restore some function of the 
lower rotator cuff (15). The use and technique of tendon 
transfer for rotator cuff deficiency are beyond the scope 
of this book. 


4 Open rotator cuff repair: Open repair of the rotator 
cuff to the tuberosities of the humerus has been the 
gold standard for many years (11,30). This requires 
detachment of a portion of the deltoid off of the 
acromion. The risk of postoperative deltoid detach- 
ment leads some surgeons to take off a sliver of bone to 
enhance healing. The fear of deltoid failure or detach- 
ment has led surgeons to develop less invasive tech- 
niques. This has almost completely been abandoned 
for less invasive techniques. 


4 Mini-open repair (2): Development of shoulder ar- 
throscopy methods has allowed surgeons to perform 
subacromial decompression by burscoscopy. This al- 
lows visualization of the rotator cuff and the ability to 
address subacromial bursitis, AC joint pathology, and 
acromial changes such as the development of spurs or 
ossification of the CA ligament. The mini-open repair 
takes advantage of this preparation and utilizes a del- 
toid split to access the rotator cuff tear and perform 
an open repair (2). The advantage is that the deltoid is 
preserved (barring overretraction and iatrogenic del- 
toid detachment); however, large tears are difficult to 
address with this approach. 


4 Arthroscopic rotator cuff repair: Further devel- 
opment of arthroscopic suture management, ar- 
throscopic knot tying, and use of arthroscopically 
delivered suture anchors has led to the ability to 
perform rotator cuff repairs arthroscopically. It is 
estimated that over 70% of rotator cuff repairs to- 
day are done arthroscopically (38). This percentage 
is increasing, and arthroscopic repair has become 
standard of care. The ability to preserve cortical bone 
enhances the strength of fixation while maintaining 
the ability of the tendon to heal to bone (37). These 
techniques require a significant amount of practice 
and skill at arthroscopic techniques. Newer tech- 
niques and instruments are being developed, and 


this procedure now can be done as effectively as open 
repair (14,16,32,38,44). 

4 Augmentation techniques: Investigators are using 
platelet-rich plasma (PRP) preparations to enhance 
healing at the tendon—bone interface. Studies to date 
have been equivocal, with some studies showing 
effectiveness (36) and others equivalence (1). Further 
investigations are pending for the use of PRP as well as 
stem cells to enhance the biologic milieu and influence 
healing. 





POSTOPERATIVE REHABILITATION 





Subacromial Decompression/ 
Distal Clavicle Resection 


Following surgery, a good rehabilitation program should be 
instituted to ensure optimal recovery (43). This may be done 
with formal physical therapy or with a physician-directed 
program. 

Following arthroscopic subacromial decompression, a sling 
is used for a few days for comfort, and active motion may be 
resumed immediately. Once motion is achieved, strengthen- 
ing exercises are started. 

Strengthening should focus on lower rotator cuff strength 
and scapular stabilization. 

Pool therapy is often very effective for shoulder rehabilita- 
tion for regaining proper motion and allowing protected use 
of the shoulder muscles in the recovery period. 

Return to sports is recommended when full painless motion 
is recovered following surgery. 


Rotator Cuff Repair 


Following rotator cuff repair, the recovery is slower to allow 
the cuff to heal to the tuberosities. Histologic studies have 
shown that this can take up to 12—16 weeks (37). 


The surgeon will direct postoperative ROM based on the 
size of the tear and the stability of the repair at the time of 
surgery. 

Many surgeons are following a much more conservative re- 
habilitation program to allow the rotator cuff to start healing 
before starting motion. 


Passive motion may be started early, with active motion 
being delayed for at least 6 weeks. 


Forward elevation should be delayed as the motion will cause 
stress on the repair. 


Formal rehabilitation is often not started for 6 weeks, and 
some surgeons are using a home-directed rehabilitation pro- 
gram for independent and motivated patients. 

This will differ for each patient; however, 6—8 weeks are usu- 
ally sufficient for decompression alone, and 4—6 months are 
sufficient for rotator cuff repair. 
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CONCLUSION 





Rotator cuff pathology is a frequent cause of pain in active 
patients in all stages of life. It is seen in younger patients 
participating in throwing or racquet sports, in the weekend 
athlete developing overuse injuries, and in the elderly patient 
throwing a baseball with his grandson; the proper diagno- 
sis and treatment of this condition can lead to resolution of 
symptoms and return the patient to a more functional and 
usually normal use of their arm. 
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Sternoclavicular, Clavicular, 
and Acromioclavicular Injuries 


Nicholas A. Bontempo and Augustus D. Mazzocca 





INTRODUCTION 





E Injuries to the clavicle and its articulations are very common. 

E High-energy injuries have been seen in increasing frequency 
as more people participate in higher risk sports such as 
mountain biking and rollerblading. 

E Because man is an upper extremity—dependant animal, these 
injuries can lead to significant disabilities and limitations. 





STERNOCLAVICULAR JOINT 





E Injury to the sternoclavicular (SC) joint is very uncommon. 
In one large study conducted by Rowe and Marble, out of 
1,603 shoulder girdle injuries, there was only a 3% incidence 
of SC joint injuries (65). This is in comparison to an 85% 
incidence of glenohumeral injuries and 12% incidence of 
acromioclavicular (AC) dislocations. That being said, it has 
also been commented that SC joint dislocations are not as 
rare as posterior glenohumeral dislocations. 

E The SC joint is the only true joint connecting the axial skel- 
eton to the shoulder girdle (Fig. 49.1). 

E Despite having such an important role, the SC joint lacks 
inherent bony stability and relies solely on ligamentous and 
capsular attachments. 


Anatomy and Biomechanics 


E The SC joint represents the articulation of the proximal 
end of the clavicle with the sternum and is a diarthrodial 
joint. 

E Although the clavicle is the first long bone in the body to 
ossify during the fifth intrauterine week, the medial clavic- 
ular epiphysis is the last epiphysis to close. Closure of the 
medial clavicular epiphysis typically begins at age 18 and is 
usually fused to the clavicular shaft by age 25. It has even 
been documented in autopsy studies that complete union 
of the medial clavicular epiphysis may not occur until 
age 31 (25). 





E Similar to the AC joint, the SC joint has an intra-articular 


disc, or meniscal homologue. Unlike the AC joint, however, 
the articular surface of the medial clavicle of the SC joint is 
covered with fibrocartilage. 


The SC joint is incongruous as the medial clavicle is enlarged, 
bulbous, and saddle-shaped, whereas the clavicular notch of 
the sternum is concave. Because there is such a large discrep- 
ancy in shape and size of the clavicle with the sternum, there 
is relatively little to no bony stability of the joint. In fact, less 
than half of the medial clavicle actually articulates with the 
sternum. It has been shown that in 2.5% of patients, the infe- 
rior aspect of the medial clavicle actually articulates with the 
superior aspect of the first rib (42). 


The SC joint articulation is held in place by the SC capsular 
ligaments, the costoclavicular ligaments, and the infraclavic- 
ular ligaments (Fig. 49.2). 


There are two parts of the capsular ligament: the anterior 
and posterior portions. The capsular ligaments help to sup- 
port and reinforce the anterosuperior and posterior SC joint. 
Of the ligaments surrounding the SC joint, the capsular liga- 
ment is the strongest and most important structure prevent- 
ing upward displacement of the medial clavicle (62). 


The intra-articular disc ligament arises from the junction of 
the sternum and first rib and attaches on the superior and 
posterior aspects of the medial clavicle, after passing directly 
through the SC joint. The fibers of the intra-articular disc 
ligament blend into the fibers of the capsular ligaments and 
help to separate the SC joint into medial and lateral com- 
partments. It prevents medial displacement of the clavicle 
with compression. 


The costoclavicular ligament consists of an anterior and 
posterior fasciculus with an interpositional bursa (62). 
The anterior and posterior fasciculi cross over one another, 
which helps to provide rotational stability of the SC joint 
during overhead elevation (67). The anterior fasciculus 
helps to resist upward rotation and lateral displacement of 
the medial clavicle. The fibers of the posterior fasciculus 
resist downward rotation and medial displacement of the 
medial clavicle. 


Connecting the two clavicles is the interclavicular ligament, 
which connects the superomedial aspect of the clavicles and the 
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Figure 49.1: Anterior view of the bones and joints of the shoulder 
complex. 


Sternoclavicular 


Classification 


E The SC joint can be dislocated anteriorly or posteriorly and 


be the result of traumatic or atraumatic injury (Fig. 49.3). 
Anterior and posterior dislocations are described based on 
the location of the medial clavicle with respect to the ster- 
num. Of the 2 types of dislocations, anterior dislocations are 
far more common. 
Atraumatic instability of the SC joint can either be acquired 
or congenital in etiology. The SC joint may subluxate or dis- 
locate with overhead motion in patients who have systemic 
ligamentous laxity. Typically, atraumatic instability is not as- 
sociated with pain. 
Traumatic injury to the SC joint is the most common eti- 
ology. Motor vehicle collisions and sports participation are 
the top two causes of traumatic SC joint injury (43—45). 
Traumatic SC joint injuries have been classified into 3 types. 
E Type 1: mild sprain, SC joint is stable and ligaments are 
intact 
E Type 2: moderate sprain, SC joint subluxates and there is 
partial disruption of ligaments and capsule 


E Type 3: severe sprain, SC joint is dislocated and ligaments 
and capsule are completely disrupted 


Vertebra 


capsular ligaments. The purpose of this ligament is to maintain 
“shoulder poise,” by holding the clavicle and shoulder up (67). 


Despite the presence of the ligaments and capsule stabilizing 
the SC joint, a relatively large amount of motion is still seen. 
There is approximately 30-35 degrees of upward elevation, 
35 degrees of translation in the anterior to posterior plane, 
and 50 degrees of rotation around the longitudinal axis of 
the clavicle (12,20). 
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Figure 49.2: Sternoclavicular joint. 









Intra-articular 





ANTERIOR DISLOCATION 


Figure 49.3: Cross sections through the thorax at the level of the SC 
joint. A: Normal anatomical relations. B: Posterior dislocation of the SC 
joint. C: Anterior dislocation of the SC joint. 
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Figure 49.4: Mechanisms that produce anterior or posterior dislocations of the SC joint. A: If the patient is lying 
on the ground and a compression force is applied to the posterolateral aspect of the shoulder, the medial end of the 
clavicle will be displaced posteriorly. B: When the lateral compression force is directed from the anterior position, the 


medial end of the clavicle is dislocated anteriorly. 


Mechanism of Injury 


E Posterior dislocations of the SC joint typically occur as the 
result of a direct force to the anteromedial clavicle, as can 
happen during a motor vehicle collision, as a result of the 
steering wheel hitting the clavicle, or a direct kick to the chest 
(Figs. 49.4 and 49.5). 

E Anterior dislocations, on the other hand, rarely occur as a re- 
sult of direct trauma. Instead, anterior dislocations can occur 
when an anterolateral force is applied to the clavicle and the 
shoulder is rolled backward. In three separate studies looking 
at SC joint dislocations, an indirect force was the most com- 
mon mechanism of injury (9,26). 





Figure 49.5: Axial CT of a posterior SC joint dislocation that occurred 
when the driver's chest impacted the steering wheel during a motor 
vehicle accident. The vehicle was totaled, and the steering wheel was 
fractured from the driving column. 


ŒE Rockwood describes a common mechanism of indirect SC 
joint dislocation — a pile-up during a football game (26). 
One player usually falls to the ground with the ball. Other 
players begin to jump and fall on top of the first player. 


Physical Examination 


E Often with an acute dislocation, either anterior or posterior, 
palpable step-off at the SC junction can be appreciated 
(Fig. 49.6). 

ŒE Posterior dislocations, although rare, have more significant 
symptoms and implications. 

E Posterior dislocations can be associated with venous con- 
gestion present in the neck or ipsilateral upper extremity 
from compression on the subclavian vessels (Fig. 49.7). 
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FIGURE 49.6: Clinical view of a patient with a left posterior SC joint 
dislocation. Notice the difference in appearance of the SC joint from the 
uninjured (right) side. 
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Figure 49.7: Applied anatomy of the vital structures posterior to the SC joint. A and B: Sagittal views in cross section 
demonstrating the structures posterior to the SC joint. C: A diagram demonstrating the close proximity of the major vessels 


posterior to the SC joint. 


E The posteriorly displaced clavicle can also compress the 
trachea or esophagus (Fig. 49.8). 

E As such, patients may complain of dyspnea, a choking 
sensation, difficulty swallowing, or a tight feeling in the 
throat. 

E In the most severe cases, the posterior dislocation can re- 
sult in complete shock or a pneumothorax. 


For patients with a type 1 injury (mild sprain), there is usually 
mild to moderate pain associated with movement of the upper 
extremity. Instability is usually absent, but the SC joint may be 
tender to palpation and slightly swollen. With this injury, the 
ligaments remain intact so the joint should not be unstable. 


E Type 2 injuries (moderate sprain) are associated with partial 


disruption of the ligaments. There may be some instability or 
subluxation when the joint is manually stressed, but it is not 
grossly dislocated or dislocatable. These patients usually have 
more swelling and pain than patients with type 1 injuries, 
and the SC joint is more tender to palpation. 


Type 3 (severe sprain) injury results in complete dislocation, 
either anterior or posterior, of the SC joint. Patients with 
this injury present with severe pain that is exacerbated by 
any movement of the upper extremity. The ipsilateral shoul- 
der may appear protracted in comparison to the contralat- 
eral uninjured shoulder. Patients will often hold the affected 
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Figure 49.8: Axial CT image showing a posterior SC joint dislocation 
with compression of the trachea. 


arm across the chest in an adducted position and support it 
with the contralateral arm. The head may be tilted toward 
the side of the injured clavicle. Examination of the patient 
lying supine on the examining table will lead to a worsening 
of symptoms, and the involved shoulder will not lie flat on 
the table. 


Radiologic Evaluation 


E A standard anteroposterior (AP) x-ray of the chest or 
SC joint may suggest an injury to the SC joint; however, this 
is not the best view for visualizing the joint. 

Æ The serendipity view is the best view to visualize the SC joint. 
It is taken by tilting the x-ray tube 40 degrees cephalad and 
centered on the sternum (Fig. 49.9). 

ŒE Computed tomography (CT) scan of the chest should include 
a special note to the radiology technician to do views of the bi- 
lateral SC joint for comparison. With a CT scan, axial sections 
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can be viewed of both the injured and uninjured sides on one 
image. Subtle differences from side to side can be picked up 
more easily by the physician looking at the axial views. 


Nonoperative Treatment 


E Type 1 and 2 injuries are often treated nonoperatively. Non- 


operative treatment consists of a short period of immobili- 

zation in a sling, anti-inflammatory medication, and ice. 

After a short period of immobilization, the patient can grad- 

ually return back to activities based on his or her own level 

of comfort. 

As in type 2 injuries where the clavicle is subluxated, the joint 

can be reduced by retracting the shoulders in a figure-of-eight 

brace. This treatment modality can be incorporated whether 

the subluxation is anterior or posterior. 

When the SC joint is completely dislocated, as seen in a type 3 

injury, an attempt can be made at closed reduction. 

For an anterior dislocation, the patient should be placed 

supine with a roll in the center of the back between the 

shoulder blades (Fig. 49.10). 

E This positioning allows the scapula to assume a retracted 
position and pull the clavicle laterally. 


E A gentle pressure can then be applied to the anteromedial 
clavicle in order to reduce. 

E Anterior dislocations are often easy to reduce; however, 
they are usually unstable and will dislocate once the pres- 
sure is released. 

E If, however, the SC joint maintains reduction after closed 
means, the patient should be immobilized in a soft 
figure-of-eight brace for a period of 6 weeks. 

Prior to any attempt at closed reduction of posteriorly dis- 

placed clavicle, injury to local vessels, heart, and lung need to 

be ruled out. 





Figure 49.9: Serendipity view. Positioning of the patient to take the “serendipity” view of the SC joints. 

The x-ray tube is tilted 40 degrees from the vertical position and aimed directly at the manubrium. The nongrid 
cassette should be large enough to receive the projected images of the medial halves of both clavicles. In children, 
the tube distance from the patient should be 45 inches; in thicker-chested adults, the distance should be 60 inches. 
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between shoulders 






Cc 
Figure 49.10: Technique for closed reduction of the sternoclavicular joint. A: The patient is positioned supine 
with a sandbag placed between the two shoulders. Traction is then applied to the arm against countertraction in an 
abducted and slightly extended position. In anterior dislocations, direct pressure over the medial end of the clavicle 
may reduce the joint. B: In posterior dislocations, in addition to the traction, it may be necessary to manipulate 
the medial end of the clavicle with the fingers to dislodge the clavicle from behind the manubrium. C: In stubborn 
posterior dislocations, it may be necessary to sterilely prepare the medial end of the clavicle and use a towel clip to 
grasp around the medial clavicle to lift it back into position. 

E Closed reduction of a posterior dislocation should be done E The towel clip can be used to grasp the medial clavicle 
in the operating room with the patient under general anes- under sterile conditions and pull it anteriorly in order to 
thesia (Fig. 49.11). achieve reduction. 

E Similar to an anterior dislocation, the patient should lay E Posterior dislocations are usually stable once reduced. 
supine with a roll between the scapula. E It is important to have a vascular surgeon available if the 

E Traction should then be applied to the abducted arm patient is taken to the operating room for an attempted 
while it is slowly extended. Often the joint will reduce closed reduction because of the potential complications 
with this maneuver; if not, the clavicle can be manipu- that may arise as a result of the injury or the attempt at 


lated with fingers or a towel clip. reduction. 
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Figure 49.11: Posterior dislocation of the right SC joint can be reduced 
in the operating room under general anesthesia. A rolled towel should be 
applied between the patient's shoulder blades. A towel clip can be applied 
to the medial aspect of the clavicle and the clavicle can be pulled anteriorly. 


E The patient with a reduced SC joint should then be placed in 
a figure-of-eight brace for 4—6 weeks while the ligaments heal. 


Operative Treatment 


E Most SC joint dislocations are best managed nonoperatively 
and either left unreduced or attempted to be closed reduced. 

ŒE Surgical stabilization of the clavicle is not recommended by 
most authors (28,61). In most cases, the benefits of surgery 
are outweighed by the risks. 

ŒE Numerous complications have been reported in the litera- 
ture, including infection, recurrence, poor cosmesis, and 
hardware migration. 

E If patients develop symptomatic SC joint instability, then 
several surgical options exist. 

E Good long-term outcomes have been reported in patients 
who have medial clavicle excision or SC joint reconstruction 
for SC joint instability (50). 

Ina biomechanical analysis of reconstructions for SC joint 
instability, Spencer and Kuhn tested three SC joint fixation 
methods in a cadaveric study (68). They concluded that 
figure-of-eight semitendinosus reconstruction provided su- 
perior biomechanical properties to subclavius tendon recon- 
struction and intramedullary ligament reconstruction. 

E Cautiously recommended in the recent literature is a 2-stage 
approach for SC joint instability (77). 

E The first stage involves fixation of the medial clavicle to 
the sternum with a concomitant midclavicle osteotomy 
to offload the fixation at the SC joint. 

E The second stage, usually performed 4 months after the 
first, involves removal of the hardware at the SC joint and 
plate osteosynthesis at the osteotomy site. 

E Any surgery being performed for a posterior SC joint dislo- 
cation should be done with a cardiothoracic surgeon present 
due to risk of injury to surrounding structures. 
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CLAVICLE 





E The clavicle grows through intramembranous ossification 
like the skull and scapula. 

E Ossification begins at the fifth week of gestation, and it is the 
first bone to ossify. 

E It is also the last bone to finish growing as the medial physis 
closes at age 23-25 years. 


Anatomy and Biomechanics 


E The clavicle is a subcutaneous double S-shaped bone that ar- 
ticulates with the sternum and the scapula via the SC and AC 
joints, respectively (Fig. 49.12). 

The acromial end of the clavicle is more broad and flat than 
the sternal end. 

E The undersurface of the acromial end has bony projections 
called the conoid tubercle and trapezoid line. These projections 
mark the attachment sites of the conoid and trapezoid liga- 
ments, respectively, of the coracoclavicular ligament complex. 

E The trapezius, sternocleidomastoid, and sternohyoid mus- 
cles insert on the posterior-superior border of the clavicle 
(Figs. 49.13 and 49.14). 

The deltoid, clavicular head of the pectoralis major, and sub- 
clavius muscles originate from the anterior inferior surface 
of the clavicle. 

E The clavicle acts as a strut that connects the upper limb to the 
trunk and allows the arm to hang freely. 

E The clavicle also functions to protect the neurovascular 
structures running from the neck to the arm. 
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Figure 49.12: View of the superior surface (A) and inferior surface 
(B) of the clavicle. 
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Figure 49.13: Important muscular and ligamentous attachments to the right clavicle. 
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Figure 49.14: Muscles between the clavicle and the scapula. 


Clavicle Fractures 


E Clavicle fractures are very common fractures, accounting for 
nearly 5%—15% of all fractures 


E Classification 
E Allman (3) created the classification system that is still 
used today (Fig. 49.15). 
Q Type I- middle third clavicle fractures 
Q Type I- lateral third clavicle fractures 
Q Type NI — medial third clavicle fractures 








Type Ill B 


Type | Cc 


Type Il 


Figure 49.15: A: Fracture of the medial third of the clavicle. 

B: Fracture of the middle third of the clavicle. C: Fracture of the lateral 
third of the clavicle. From Bucholz RW, Heckman JD, Court-Brown C, et 
al., editors. Rockwood and Green's Fractures in Adults. 6th ed. Philadelphia 
(PA): Lippincott Williams & Wilkins; 2006. 2400 p. 
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Figure 49.16: Lateral clavicle fracture with intact coracoclavicular 
ligaments. From Rockwood CA Jr, Green DP, Bucholz RW, Heckman JD, 
editors. Rockwood and Green's Fractures in Adults. 4th ed. Vol. 1. Philadel- 
phia (PA): Lippincott-Raven; 1996. 1118 p. 


E In 1968, Neer (54) further divided lateral clavicle fractures 
into three types. 


4 Type I- lateral clavicle fracture with intact coracocla- 
vicular ligaments (Fig. 49.16) 

4 Type N - lateral clavicle fracture with torn coracocla- 
vicular ligaments (Fig. 49.17) 





4 Type II -— intra-articular lateral clavicle fracture involving 
the AC joint, but coracoclavicular ligaments remain in- 
tact (Fig. 49.18) 


E Of all clavicle fractures, 80% involve the middle third of 
the clavicle, and 10%-—15% involve the lateral third of the 
clavicle. 


B® Clavicle fractures most commonly result from a fall on the 
lateral aspect of the shoulder, but can also result from a direct 
blow (Fig. 49.19). 

H Traditionally, clavicle fractures have been treated nonope- 
ratively with a reported healing rate of 99% (53,70). More 
recent studies have shown that the clavicle fracture nonunion 
rate is actually higher than previously reported, at around 
15%-25% (22,34,57,58). 

B® With midshaft clavicle fractures, the medial fragment is 
displaced superomedially due to the pull of the sterno- 
cleidomastoid and sternohyoid muscles. The lateral frag- 
ment is displaced inferolaterally due to gravity and the 
pull of the deltoid, trapezius, and pectoralis major muscles 
(Fig. 49.20). 





Figure 49.17: Lateral clavicle fracture with torn coracoclavicular 
ligaments. From Rockwood CA Jr, Green DP, Bucholz RW, Heckman 
JD, editors. Rockwood and Green’s Fractures in Adults. 4th ed. Vol. 1. 
Philadelphia (PA): Lippincott-Raven; 1996. 1118 p. 
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Figure 49.18: Intra-articular lateral clavicle fracture involving the 
AC joint, but coracoclavicular ligaments remain intact. From Rockwood 
CA Jr, Green DP, Bucholz RW, Heckman JD, editors. Rockwood and 
Green's Fractures in Adults. 4th ed. Vol. 1. Philadelphia (PA): Lippincott- 
Raven; 1996. 1118 p. 


Physical Examination 


E Typically, patients present with a clear history of falling on 
the lateral aspect of their shoulder or having a direct blow to 
the clavicle. 

E It is important to assess the quality of the skin over the clav- 
icle to make sure that the skin is not ischemic, open, or com- 
promised in any way. 

ŒE A complete neurovascular exam is important in order to 
ensure that there has been no injury to the subclavian vessels 
or brachial plexus. 

E Fractures of the clavicle may occur in isolation, but be sure to 
assess the scapula, humerus, and ribs for other fractures that 
may be concomitantly present. 


Force to 
superolateral 
shoulder 





Figure 49.19: The most common mechanism of clavicle fracture is a 
fall on the superolateral shoulder. Since the SC ligaments are extremely 
strong, the force exits the clavicle in the midshaft. 
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@ A relative indication for midshaft clavicle fractures is 
> 100% displacement and = 2 cm of shortening (16). 


Figure 49.20: The displacing forces on a midshaft clavicle fracture. E Other relative indications are for patients who are unhappy 
with the cosmetic appearance of their deformity or patients 
who cannot tolerate immobilization due to underlying med- 
Radiologic Evaluation ical issues such as neurologic conditions, parkinsonism, and 
seizure disorders. 
E Like other fractures, in order to unders and the displacement 
and angulation of the fracture, views in two different planes | Nonoperative Treatment 
are needed (Fig. 49.21). Obtaining an AP of the clavicle and . . . . 
a 45-degree cephalic tilt AP usually suffice (8). Also a bilat- E Nonoperative care still remains the treatment of choice for 
eral Zanca view can be helpful for side-to-side comparison most fractures of the clavicle shaft, especially those that are 
(Fig 49.22). minimally displaced or nondisplaced. 

E Other instances where these fractures should be treated non- 
operatively are in the elderly, patients with significant medi- 
cal comorbidities, or noncompliant patients. 


Æ If there is any confusion regarding the fracture pattern and 
displacement, a CT scan can be ordered. 
E Anaxillary view is often helpful in lateral third clavicle fractures 


f 5 : E i i i 
to assess posterior displacement of the medial fragment. There is no technique available to successfully close reduce 


and maintain position of a clavicle fracture. 


E Options for immobilization for clavicle fractures include 


Treatment 
sling, sling and swathe, or figure-of-eight brace (Fig. 49.23). 
E Traditionally clavicle fractures have been treated nonopera- |Œ Studies have shown that there is no difference in terms of 
tively, regardless of the amount of shortening or displacement. functional outcomes of fractures with any of the previously 





Figure 49.21: A: Nonangulated AP clavicle. Note that no fracture line is visible on this view. B: Angulated clavicle. Observe 
that with 15-degree cephalad tube angulation, the fracture line is clearly evident (arrow). Comment: In evaluation of clavicular 
trauma, specific clavicle projections must be obtained to demonstrate fractures, particularly through the midportion of the 
clavicle. (Courtesy of Kenneth E. Yochum, DC, St. Louis, Missouri.) 
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Figure 49.22: Bilateral Zanca view is an important view for making side to side comparisons of the AC joints, SC joints, and clavicles. 








Figure 49.23: Immobilization bandages: used for clavicle fractures: (A) commercial sling and swathe, (B) conventional 
sling and swathe, and (C) stockinette Velpeau and swathe; (D) used for fractures of the clavicle: (E) clavicular strap, posterior 
view, and (F) clavicular strap, anterior view. 
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Figure 49.24: Midshaft clavicle fracture fixed with a 
four-hole plate. A minimum of 6 cortices on each fracture 
segment must be purchased for adequate fixation. 


mentioned forms of immobilization. Overall patients are more 
satisfied with a sling compared with the other options (4). 


Patients treated with a sling should wear the sling only as 
needed for comfort and begin shoulder motion as soon as it 
is comfortable for them. 


The nonunion rate with nonoperative treatment has been 
reported to be from 15%-30%, with many of the nonunions 
being symptomatic (36). 

Patients treated nonoperatively often complain of a short, 
sagging, asymmetric shoulder with functional and cosmetic 
issues (13,36,58). 


Operative Treatment 


Operative treatment is usually of one or two types: plate and 
screw fixation or intramedullary pin fixation (Fig. 49.24). 


Intramedullary pin fixation has been described and pro- 
moted because of less soft tissue disruption. Disadvantages 
include difficulty inserting a straight intramedullary pin in a 
curved bone, inability to control rotation, and the potential 
of migration of the pin in the lung or surrounding neurovas- 
cular structures (10,17,31,40). 


In a multicenter prospective clinical trial, 132 patients with a 
displaced midshaft fracture of the clavicle were randomized 
to either operative treatment with plate fixation or nonop- 
erative treatment with a sling. Patients treated with surgery 
had improved functional and subjective outcomes at 1 year 
compared to patients treated nonoperatively (16). 


Patients treated with surgical plate fixation also have a re- 
ported lower rate of malunion and nonunion (16,49,64,79). 


Potential problems with surgery include prominent hard- 
ware, soft tissue complications, neurovascular injuries, and 
often need for a second procedure for hardware removal. 


Lateral third clavicle fractures are often difficult to treat given 
the location of the fracture. Distal clavicle locking plates have 
become an option for fixation as have hook plates that hook 
underneath the acromion. Most surgeons prefer fixation of 
the clavicle to the coracoid with either a screw or cerclage 
technique, with excision or saving the lateral clavicle frag- 
ment at the surgeon’s discretion. 
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Lateral third clavicle nonunions often require, in addition to 
distal clavicle excision, reconstruction of the coracoclavicu- 
lar ligaments with an autograft or allograft. 





ACROMIOCLAVICULAR JOINT 





Injuries of the AC joint represent 9% of all shoulder girdle 
injuries. It has been previously reported that 43.5% of AC 
joint injuries occur in patients in their 20s. 


AC joint injuries are five times more common in men and 
are twice as likely to be incomplete versus complete (65). 


AC joint separations have been found to be the third most 
common in jury in Division I college hockey teams, and ac- 
count for as many as 40% of the shoulder injuries seen in 
National Football League (NFL) quarterbacks (25,42). 


Anatomy and Biomechanics 


The articulation of the acromion and the distal clavicle 
represents a diarthrodial joint. 

There are four planes of motion at this articulation: anterior/ 
posterior and superior/inferior. 

Similar to most joints, the AC joint is surrounded by a 
capsule, has intra-articular synovium, and has an articular 
cartilage interface. 


There is a meniscal homologue present within the joint that 
has a large variation in both shape and size. 


The average size of the adult AC joint is 9 mm by 19 mm, but 
tremendous variation has been documented (12). 


The true articular portion of the distal clavicle varies in both 
location and size. Articular cartilage can cover the entire dis- 
tal clavicle or it can cover a smaller percentage, which can 
complicate the fixation and treatment of AC joint injuries. 
In the frontal plane, the AC joint line can have 20-50 degrees 
of lateral inclination (20) (Fig. 49.25). 


Motion at the AC joint is facilitated by the clavicle, which 
allows up to 20-30 degrees of motion in the vertical, hori- 
zontal, and frontal planes (43,45). 
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Rockwood et al. (65) have reported that, with full overhead 
elevation, the clavicle can rotate up to 40-50 degrees. Most 
of this motion, however, is achieved with scapular rotation 
rather than at the AC joint itself. 


Only about 5-8 degrees of motion have been found to oc- 
cur at the AC joint with forward elevation and abduction to 
180 degrees (65). 

Motion at the AC joint is necessary for full shoulder range of 
motion (ROM) due to the coupling of clavicle rotation with 
scapular motion and arm elevation. 

Stability at the AC joint is achieved through a combination 
of both static and dynamic stabilizers. 


The coracoclavicular, AC, and coracoacromial ligaments 
comprise the static stabilizers. The dynamic stabilizers in- 
clude the deltoid and trapezius muscles (Fig. 49.26) 


For added stability at the AC joint, the superior fibers from 
the AC ligament blend with the fascia of the deltoid and tra- 
pezius muscles. 

There are four AC ligaments: superior, inferior, anterior, and 
posterior. 


The AC joint capsule and the AC ligaments resist movement 
of the distal clavicle primarily in the horizontal plane (anterior 
to posterior direction) with respect to the scapula (26). 
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Resistance to posterior translation is important because 
instability of the distal clavicle in the posterior direction 
can lead to abutment with the spine of the scapula (44). 
In sectioning studies where the AC ligaments were serially 
sectioned, the superior ligament was found to contribute to 
56% resistance of posterior clavicle displacement, whereas 
the posterior ligament contributed to 25%. 


The fibers of the superior AC ligament coalesce with the 
dynamic AC joint stabilizers (deltoid and trapezius). 


The coracoclavicular ligament complex is the primary re- 
straint to vertical (superior to inferior) translation at the AC 
joint, but it has significant influence in the horizontal plane 
as well. This complex is comprised of the conoid and trap- 
ezoid ligaments. 


E In addition to stabilizing the AC joint in the vertical 
plane, the coracoclavicular ligaments also strengthen the 
AC articulation and mediate scapulohumeral motion by 
attaching the clavicle to the scapula. 


The conoid ligament is cone shaped, with the apex at- 
taching at the posteromedial side of the base of the 
coracoid. The base of the conoid ligament attaches pos- 
terior to the conoid tubercle on the undersurface of the 
clavicle. 


trapezius 
(middle fibers), levator 
scapulae, and rhomboids 


serratus 
anterior 






outer edge of 
fourth rib 


pectoralis 
minor 


Figure 49.25: The wide range of movements possible at the SC and AC joints gives great mobility to the clavicle and the upper limb. 
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Anterior view 


Acromioclavicular ligament 







Coracoacromial ligament 


Coracohumeral 
ligament 





Biceps (long head) 


Trapezoid ligament —— 
— Coracoclavicular 
Conoid ligament — ligament 





Supraspinatus muscle 


Capsule 


Figure 49.26: Shoulder joint ligaments. Anterior view. 


E The trapezoid ligament arises anterior to the conoid 
ligament at the base of the coracoids and inserts later- 
ally to the conoid ligament on the undersurface of the 
clavicle. 


E The radiographic anatomic distance between the coracoid 
and the clavicle has been found to range between 1.1 and 1.3 
cm (9). This anatomic distance is important when reviewing 
radiographs of a suspected AC joint injury and when try- 
ing to restore normal functional anatomy during repair or 
reconstruction of the coracoclavicular ligaments. 

E The bilateral Zanca view is used to compare the coraco- 
clavicular distance of the injured side to the contralateral 
uninjured side. 


Classification 


E The radiographic classification of AC joint injuries repre- 
sents a continuum of increased soft tissue injury (Fig. 49.27). 


Type I: AC ligament sprain with the AC joint intact 

Type Il: AC ligament tear with coracoclavicular ligament 
intact and AC joint subluxed 

Type II: AC and coracoclavicular ligaments torn and 
100% dislocation in joint 

Type IV: complete dislocation with posterior displacement 
of distal clavicle into or through the trapezius muscle 
Type V: exaggerated superior dislocation of between 
100% and 300% dislocation of the joint increasing the 
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Conjoined tendon of 
Biceps and Coracobrachialis 





Type V Type VI 


Figure 49.27: Schematic drawings of the classification of ligamentous injuries to the AC joint. Top left: In the type | injury, a mild 
force applied to the point of the shoulder does not disrupt either the AC or the coracoclavicular ligaments. Top right: A moderate to 
heavy force applied to the point of the shoulder will disrupt the AC ligaments, but the coracoclavicular ligaments remain intact (type 
lI). Center left: When a severe force is applied to the point of the shoulder, both the AC and the coracoclavicular ligaments are dis- 
rupted (type Ill). Center right: In a type IV injury, not only are the ligaments disrupted, but the distal end of the clavicle is also displaced 
posteriorly into or through the trapezius muscle. Bottom left: A violent force applied to the point of the shoulder not only ruptures the 
AC and coracoclavicular ligaments but also disrupts the muscle attachments and creates a major separation between the clavicle and 
the acromion (type V). Bottom right: This is an inferior dislocation of the distal clavicle in which the clavicle is inferior to the coracoid 
process and posterior to the biceps and coracobrachialis tendons. The AC and coracoclavicular ligaments are also disrupted (type VI). 
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coracoclavicular ligament distance two to three times 
including disruption of the deltotrapezial fascia 

E Type VI: complete dislocation with inferior displacement 
of distal clavicle into a subacromial or subcoracoid position 


Mechanism of Injury 


E Two common mechanisms account for AC joint injury: 

direct and indirect (Fig. 49.28). 

E The most common mechanism is a result of a direct force 
to the AC joint. A direct injury occurs when a person 
falls onto the AC joint with their arm at their side in an 
adducted position. This is commonly seen in collision 
sports such as hockey, football, rugby, and karate. 

E An indirect injury to the AC joint can also occur as the 
result of a fall on an outstretched hand. The fall typically 
drives the humeral head superiorly into the acromion. 
In this mechanism of injury, energy is only referred to 
the AC ligaments, as the coracoclavicular interspace is 
decreased during loading. 





Dislocation of 
acromioclavicular 
joint with rupture of 
coracoclavicular 
ligament 


Dislocation of 
acromioclavicular 
joint without 
ligament rupture 


Figure 49.28: Although its extrinsic (coracoclavicular) ligament is 
strong, the AC joint itself is weak and easily injured by a direct blow. 

In contact sports such as football, soccer, and hockey, it is not uncom- 
mon for dislocation of the AC joint to result from a hard fall on the 
shoulder with the impact taken by the acromion or from a fall on the 
outstretched upper limb. Dislocation of the AC joint also can occur 
when a hockey player is driven violently into the boards. The AC injury, 
often called a “shoulder separation,” is severe when both the AC and 
coracoclavicular ligaments are torn. When the coracoclavicular ligament 
tears, the shoulder separates (falls away) from the clavicle because of 
the weight of the upper limb. Dislocation of the AC joint makes the 
acromion more prominent, and the clavicle may move superior to this 
process. 


Radiologic Evaluation 


E One of the most important things to remember when 
obtaining an x-ray for evaluation of an AC joint injury is to 
reduce the penetration by one-third to one-half of that used 
for a standard glenohumeral x-ray. Failure to do so will result 
in an over-penetrated (dark) film, which prevents the ability 
to see small or subtle fractures. 

E AP, supraspinatus outlet, and axillary views are the standard 
views necessary for examining the shoulder. 

E As previously mentioned, the axillary view is particularly 
helpful in visualizing a type IV AC joint injury with a poste- 
riorly displaced distal clavicle. 

Œ When there is a normal coracoclavicular interspace but a 
complete dislocation of the AC joint, a coracoid fracture 
should be suspected. 

E The best view to visualize a coracoid fracture is the Stryker 
notch view, which is taken with the patient supine and the 
palm on their affected side placed on their head. The x-ray 
beam is then tilted 10 degrees cephalad (Fig. 49.29). 

E The Zanca view is the most accurate view to visualize the 
AC joint. 

E This view is achieved by tilting the x-ray beam 10-15 de- 
grees cephalad and using one-half of the standard pen- 
etrance (Fig. 49.30). 

E Because of the significant variation in AC joint anatomy 
from one side to another, a bilateral Zanca view is recom- 
mended to visualize both AC joints on a single x-ray cassette 
while maintaining the same orientation of the x-ray beam. 

E By visualizing both AC joints on the same cassette, the 
coracoclavicular distance can be compared from side to 
side (Fig. 49.31). 

E Basmania (7) has described a cross-arm adduction view 
of the AC joint. This view is taken with the arm forward 
elevated to 90 degrees and adducted across the body. If the 
clavicle overrides the acromion on this view, the injury is 
considered unstable. 

E AP stress views are obtained by hanging 5-10 lb of weight 
from both of the patient’s wrists with wrist straps. The use 
of wrist straps, as opposed to having the patient hold the 
weight, encourages full muscle relaxation. 

E Coracoclavicular distance is measured and compared be- 
tween the injured and uninjured sides. 

E Stress x-rays are most useful to differentiate between type 
II and type III injuries. 

E Literature has shown that the added cost, time, and 
patient discomfort associated with stress views is not out- 
weighed by their utility. 

E Patients who have complete dislocations (type I, IV, V, 
or VI) most often have evidence of coracoclavicular wid- 
ening on standard AP x-rays. 

E On standard x-rays, it has been reported by Zanca that the AC 
joint space is between 1.0 and 3.0 mm (77). This width de- 
creases with age and has been found to be as small as 0.5 mm 
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by age 60 (62). As previously mentioned, the coracoclavicular 
interspace has been found to be between 1.1 and 1.3 cm. 
Bearden et al. (9) reported that an increase in this interspace 
by 25%-50%, when compared to the uninjured side, indi- 
cates complete disruption of the coracoclavicular ligament. 


History and Physical Examination 


Pathology of the AC joint is identified by a reproducible triad 
of point tenderness at the AC joint, pain with cross-arm adduc- 
tion, and relief of symptoms by injection of a local anesthetic. 


The cross-arm adduction test creates pain at the AC joint be- 
cause compression forces at the joint are generated with this 
maneuver. This test is performed with the arm elevated and 
internally rotated to 90 degrees and the elbow flexed to 90 
degrees. The arm is then slowly adducted across the body. 
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Figure 49.29: A fracture of the base of the coracoid is 
best seen on a Stryker notch view. 


In addition, patients with AC joint pathology will complain 
of pain in the superior anterior aspect of the shoulder. This 
can be explained, in part, by the innervations of the AC joint 
and superior glenohumeral joint. 

E Gerber et al. (27) studied the patterns of pain produced 
by irritation of the AC joint and the subacromial space. 

E They found that irritation of the AC joint was referred to 
the anterolateral neck in the region of the anterolateral 
deltoid. 

E Conversely, irritation of the subacromial space resulted 
in pain referred to the lateral acromion and lateral del- 
toid; no pain was referred to the neck or trapezius. 

E Impingement of the lateral pectoral nerve is referred an- 
teriorly, and impingement of the suprascapular nerve is 
referred posteriorly. 





Figure 49.30: A bilateral Zanca view is achieved by tilting the x-ray beam 10-15 degrees cephalad and using one-half of the 
standard penetrance. 
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ZANCA 





Figure 49.31: An example of a bilateral Zanca view. By visualizing both AC joints on the same cassette, the coracoclavicular 


distance can be compared from side to side. 


Patients with a type V injury, however, may have pain in the 

neck or trapezius due to the disruption of the deltotrapezial 

fascia. 

Examination of the patient with a suspected AC injury 

should be done with the patient standing or sitting, which 

allows the weight of the arm to stress the AC joint and exag- 

gerate any deformity (Fig. 49.32). 

The O’Brien test results in active compression across the 

AC joint. 

E The test is performed by having the patient extend the 
elbow, fully pronate the forearm (resulting in obligate 


internal rotation of the humerus), elevate the arm to 
90 degrees, and adduct it approximately 10-15 degrees. 
The patient is then asked to resist a downward force ap- 
plied by the examiner. 

E AC joint pathology is localized to the superior aspect of 
the shoulder and confirmed by palpation of the examiner 
over the AC joint. 

E If, however, pain is referred to the anterior glenohumeral 
joint, then labral or biceps pathology should be suspected. 

E The O’Brien test is helpful in differentiating AC joint 
pathology from intra-articular labral pathology. 

Other conditions that have been associated with AC joint 

pain are pseudogout and synovial chondromatosis. 

In patients with Crohn disease, an aseptic inflammation has 

been described. 

Patients who have glenohumeral arthritis have been found to 

have AC joint cysts. 

Distal clavicle osteolysis is a pathologic process resulting in 

resorption of subchondral bone in the distal clavicle. The 

condition results from repetitive microtrauma and is com- 

monly seen in weightlifters from bench pressing (Fig. 49.33). 


Physical Examination and Radiographic 
Correlation 


E Type | injuries result in minimal to moderate tenderness and 
swelling over the AC joint. 


E There is no palpable displacement of the joint itself. 





E Patients typically only have minimal pain with move- 


Figure 49.32: Clinical photograph of a patient with a type V AC ment of the arm. 


joint dislocation sitting in an upright position. The weight of the upper E Both the AC and coracoclavicular ligaments are intact, 


extremity exaggerates the deformity. and x-ray examination is normal. 
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Figure 49.33: A. AC joint. Note that 2 months after trauma to the shoulder, a cystic rarefaction (arrow) is present at the inferior 
aspect of the distal articular surface of the clavicle. B. AP AC joint. Note that there has been extension of the area of rarefaction 

in the distal clavicle involving the entire distal surface (arrow). Observe the smooth and regular articular margins of the acromial 
surface, differentiating it from inflammatory joint diseases (rheumatoid arthritis and septic arthritis). 


E There may be mild soft tissue swelling on x-ray, but 
there is no widening, separation, or deformity at the 
AC joint. 

E Type II injuries are characterized by moderate to severe pain 
at the AC joint. 

E The distal end of the clavicle may be palpated to be slight- 
ly superior to the acromion, and shoulder motion pro- 
duces more pain at the AC joint. 

E The distal clavicle is also found to be unstable in the hori- 
zontal plane if grasped and moved anteriorly to posteriorly. 

E The AC ligaments are disrupted, but the coracoclavicular 
ligaments are not. 

E X-rays may demonstrate that the distal clavicle is slightly 
elevated, but stress x-rays do not show 100% displace- 
ment of the clavicle from the acromion. 

E Stress x-rays also demonstrate that the coracoclavicular 
interspace is the same in both the injured and uninjured 
shoulders. 


E Type II injuries present with the upper extremity in a sup- 
ported adducted and elevated position to help relieve pain. 
The distal clavicle may be prominent enough to tent the skin. 


E These patients have a severe amount of pain with tender- 
ness to palpation at the AC joint. 


E Any movement of the arm, especially abduction, 
creates pain and discomfort, especially for the first 
1-3 weeks. 


E The distal clavicle is unstable in both the vertical and hor- 
izontal planes because both the AC and coracoclavicular 
ligaments are disrupted, but the deltoid and trapezial fas- 
cia are intact. 


E Both plain and stress x-rays reveal that the distal clavicle 
is 100% displaced superiorly in relation to the acromion. 
In actuality, the position of the clavicle is not altered by 
the injury. The weight of the upper extremity causes the 
acromion to displace inferiorly in relation to the horizon- 
tal plane of the lateral clavicle (Fig. 49.34). 





Figure 49.34: Bilateral Zanca view showing superior displacement of the left clavicle. 
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E A shrug test has been described to differentiate a type III 
injury from a type V injury. If when the patient shrugs 
their shoulders the joint reduces, then the deltotrapezial 
fascia is intact and a type V injury can be ruled out. 


Type IV injuries are characterized by complete dislocation 
with posterior displacement of the distal clavicle into or 
through the fascia of the trapezius. 

E Physical examination of these patients is very similar to pa- 
tients with type III, but examination of the seated patient 
from above will reveal that the distal clavicle is inclined 
posteriorly when compared to the contralateral shoulder. 


E It is possible for the distal clavicle to become “button- 
holed” in the trapezius and tent the skin posteriorly. 


E With a type IV injury, it is also important to examine the 
SC joint for a concomitant anterior dislocation. 

E The posteriorly displaced clavicle is best appreciated on 
an axillary x-ray of the shoulder (Fig. 49.35). 

Type V injuries represent a greater degree of soft tissue dam- 

age, with the deltoid and trapezial fascia being stripped off 

the acromion and the clavicle. 

E These injuries present as a more severe type III injury 
with more pain and a greater amount of displacement at 
the AC joint. 

E The distal end of the clavicle appears to be grossly dis- 
placed superiorly toward the neck. 


E The scapula gets translated anteriorly and inferiorly as it 
migrates around the thorax. 





Figure 49.35: Type IV posterior dislocation of the AC joint. Axillary 
view with the distal clavicle and acromion outlined. 
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E On x-ray, there is 100%—300% increase in the coracocla- 
vicular interspace. 


Type VI injuries are inferior AC joint dislocations. Three 

cases have been described by Gerber and Rockwood, and 

other cases have been described by Patterson, McPhee, and 

Schwartz (28,50,61,68). 

E None of the cases described in the literature had accom- 
panying vascular injuries. 

E Type VI injuries are usually seen in high-energy polytrau- 
ma patients. 


The mechanism of injury is extreme hyperabduction and 
external rotation of the arm combined with retraction of 
the scapula. 


E The distal end of the clavicle can displace either subcora- 
coid or subacromial. In a subcoracoid dislocation, the 
clavicle gets stuck behind the conjoined tendon. As such, 
the acromion is very prominent with a palpable inferior 
step-off to the superior surface of the coracoids. 

E Associated injuries include clavicle and upper rib frac- 
tures and upper root brachial plexus injuries. 


E It is not uncommon for these patients to have transient 
paresthesias that subside after reduction. 


Treatment 


The goal of treatment for AC joint injuries is pain-free shoul- 
der movement with full ROM and stability. 


Most type I and type II injuries are successfully treated non- 
operatively with sling, ice, and a 3- to 7-day period of immo- 
bilization, although some can become painful later on. 

Type IV, V, and VI AC joint injuries are usually treated 
operatively due to the morbidity associated with a chroni- 
cally dislocated joint and soft tissue disruption. 

Controversy exists over the appropriate treatment of type 
III injuries. There has been a trend to treat these injuries 
nonoperatively, and if nonoperative management fails, then 
an operative intervention could be pursued. 


Rockwood has previously reported that in patients who partic- 
ipate in contact sports (football, hockey, soccer, and lacrosse) 
where the risk of reinjury is high, nonoperative treatment is 
recommended. In the small group of patients who have per- 
sistent pain and are unable to return to work or sports after 
nonoperative treatment, surgical stabilization is encouraged. 
A meta-analysis report supports nonoperative treatment 
of type II dislocations (63). This analysis included 
1,172 patients; 88% of those who underwent surgery and 
87% of those treated nonoperatively had satisfactory out- 
comes. Complications included the need for further surgery 
(59% operative vs. 6% nonoperative), infection (6% vs. 1%), 
and deformity (3% vs. 37%). Pain and ROM were not signifi- 
cantly affected. The authors did not recommend surgery for 
type III AC joint injuries in young patients. 

A survey of Major League Baseball team physicians regard- 
ing treatment modalities for a type III injury in a pitcher was 
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conducted by McFarland et al. (48) in 1997. Of the physi- 
cians surveyed, 69% reported that they would recommend 
nonoperative treatment for their players. Within the study, 
32 pitchers with type III injuries were evaluated. Twenty 
pitchers were treated nonoperatively and 12 were treated 
operatively. Eighty percent of the pitchers treated nonopera- 
tively and 91% of those treated operatively had achieved pain 
relief and normal function. 


Nonoperative Treatment 


Nonoperative treatment is typically indicated in type I and 

type II injuries. Type III injuries are evaluated on a case-by- 

case basis with regard to treatment. 

The goal of treatment, whether operative or not, is to restore 

the patient back to their preinjury activity level with a pain- 

less shoulder. 

Most nonoperative treatment is centered around a brief 

period of immobilization in a sling accompanied by ice and 

oral anti-inflammatory medication if tolerated. 

Particularly in patients with type III injuries, surgery may be 

indicated if pain persists for 6-8 weeks. However, it is im- 

portant to remember that at the 2-year follow-up, nonop- 

eratively versus operatively treated type III injuries show no 

difference in strength (73). 

A specific rehabilitation protocol for athletes has been previ- 

ously described by Gladstone et al. (29). Their rehabilitation 

protocol consists of 4 phases: 

E Pain control, immediate protective ROM, and isometric 
exercises. 

E Strengthening exercises using isotonic contractions. 

E Unrestricted functional participation to increase strength, 
power, endurance, and neuromuscular control. 


E Return to activity with sports-specific functional drills. 


Operative Treatment 


There are four basic types of surgical procedures that 
have been described for treatment of these injuries. These 
include: 


E Primary repair of the AC joint with pins, screws, or rods 


E Distal clavicle excision with soft tissue reconstruction 
(Weaver-Dunn) 


E Anatomic coracoclavicular reconstruction (ACCR) 
E Arthroscopic suture fixation 


Primary AC Joint Repair 


AC ligament repair was first advocated by Sage and Salva- 
tore (66) in 1963, who also recommended reinforcement of 
the superior AC ligament with joint meniscus. Supplemen- 
tation of this repair with transarticular smooth or threaded 
pins was subsequently advocated by many surgeons (1,5,6, 
9,15,19,23,37,51,52,56,59,78). 
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E Eskola et al. (21) then did a comparative study of smooth 
pins, threaded pins, and a cortical screw. Of the 86 patients 
available for follow-up, 13 had osteolysis, and 8 of the 13 pa- 
tients were among the 25 patients who were initially treated 
with a Bosworth screw. 


Treatment with a plate or pins across the AC joint has been 
described by several other authors, with good to excellent re- 
sults ranging from 60% to 94% (14,33,35,74). 

E Broos et al. (14) compared the Wolter plate to the Bosworth 
screw and found no significant difference in outcome. 


Distal Clavicle Excision with Soft Tissue 
Reconstruction 


E Distal clavicle excision with soft tissue reconstruction was 
initially described in 1972 as the Weaver-Dunn technique 
(76). The original description of the procedure involved 
resection of the distal clavicle followed by release of the cora- 
coacromial ligament from its attachment on the acromion. 
The detached end of the ligament was then attached to the 
distal clavicle to help hold it in a reduced position. Although 
the original description involved a distal clavicle excision, the 
procedure has also been described without one. 

E Arguments have been made that the aforementioned tech- 
nique for the Weaver-Dunn leads to an obligate anterior dis- 
placement of the clavicle based on the location of the coracoid. 

E Various other techniques have since been described that 
include detaching the coracoacromial ligament with a piece 
of bone attached for transfer. Transfer of the conjoined ten- 
don has most recently been described in 2007, where the 
lateral half of the tendon is transferred to the distal clavicle 
(39). After transfer of the conjoined tendon, additional cora- 
coclavicular fixation is achieved through the use of a double 
loaded Ethibond suture anchor. 


E Ithas been proposed that transfer of the conjoined tendon is 
superior to the original Weaver-Dunn technique because the 
functioning coracoacromial ligament is left intact. 


Anatomic Coracoclavicular Ligament 
Reconstruction 


E Coracoclavicular ligament repair was first introduced by 
Bosworth in 1941 through the placement of a percutane- 
ous screw suspension procedure (11). Bearden and Albrecht 
described reconstruction of the coracoclavicular ligaments 
through the use of wire loops around the clavicle and cora- 
coids (2,9). Various other materials have also been reported 
in the literature for use as a loop around the clavicle and 
coracoids (24,30,41,55,60,71). 

E Based on these data, the ACCR was developed with the use of 
free grafts (46). 

E The ACCR procedure begins with a diagnostic shoulder 
arthroscopy. 

E Two drill holes are made in the clavicle at the origins of 
the conoid and trapezoid ligaments. 
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E A gracilis or semitendinosus autograft or allograft is then 
looped underneath the coracoid and through two drill 
holes in the clavicle. 


E The graft is then tied to itself in a figure-of-eight fashion 
or fixed to the clavicle with interference screws. 

Several biomechanical studies have been completed that il- 

lustrate that ACCR more closely approximates the stiffness 

of the coracoclavicular ligament complex and produces less 

anterior to posterior translation at the AC joint as compared 

to the Weaver-Dunn procedure (18,32,47,72). 


Arthroscopic Suture Fixation 


Recently in the literature, 2 techniques for restoring the 
coracoclavicular ligaments without a graft have been 
described. 


E The first technique involves using 2 suture anchors 
through four drill holes in the clavicle for fixation 
(69). The suture anchors are fixed in the coracoid and 
tied over a bone bridge in the clavicle. As part of this 
procedure, the coracoacromial ligament is transferred 
as well. 


E Previously a technique was described using a single 
suture anchor (38). In a controlled laboratory study on 
cadaveric shoulders, two tightrope devices were used 
to reconstruct the coracoclavicular ligaments through 
2 single tunnels in the clavicle and coracoid. Both studies 
report anatomic restoration of the AC joint with favor- 
able biomechanical results (69,75). 


Postoperative Care 


During the first 6-8 weeks, the patients wear a brace that 
provides support and protects the surgical repair against the 
force of gravity such as the Lerman Shoulder Brace (DJO 
Inc., Vista, CA) or a Gunslinger Shoulder Orthosis (Hanger 
Prosthetics & Orthotics, Inc., Bethesda, MD). 


At 8 weeks, the repair has achieved enough stability that up- 
right ROM exercises may be started. 

By 12 weeks, pain-free ROM and strengthening exercises can 
be started. 

Weight training may begin at 3-5 months postoperatively, 
and full-contact sports may be resumed at 6 months. 
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Shoulder Superior Labrum 
Anterior and Posterior Tears 


and Biceps Tears 


Jeffrey S. Abrams 





INTRODUCTION 





E Superior labrum anterior to posterior (SLAP) tears can be a 
cause of shoulder pain following repetitive extension or trac- 
tion injuries. 

E The increased number of postoperative complications fol- 
lowing surgical repair have raised questions about patient 
selection and treatment. 

E Successful return to preinjury throwing activities has not 
been as successful as was once thought. 





SUPERIOR LABRUM 





E SLAP tears may be an isolated etiology for shoulder pain or 
in combination with other pathology. 

E The superior labrum is the part of the cartilaginous ring 
that extends anterior and posterior to the biceps insertion. 
The labrum contributes to depth of the shallow glenoid, 
increasing humeral head contact and stability. Capsular 
ligaments and the long head of the biceps attach to the 
labrum and to the adjacent glenoid. Disruption of the la- 
brum affects the attached ligaments and long head of the 
biceps (28). 

E Superior labral tears have been described, as shoulder 
arthroscopy experience has increased (41). Arthrotomy with 
division of the subscapularis did not allow visualization of 
this anatomy, and little has been mentioned in the literature 
prior to 1985 (5). 

E Anatomic variants and developmental changes with age can 
initiate tissue failure (14). The greatest success with surgical 
treatment is following traumatic instability events. 

E Overhead sports, as in baseball pitching, may place addi- 
tional stresses on the superior labrum. As sports par- 
ticipation and injury recognition increase, so does the 
experience in treatment of injuries to the superior labrum 
(2,5,8,16). 








Superior Labrum Anatomy 


E The labrum is a cartilaginous ring surrounding the perim- 


eter of a shallow glenoid, contributing to depth and humeral 
head contact (23). Superior labrum lesions can occur alone 
or can extend to create anterior or posterior labral avulsions. 
The superior labrum consists of dense fibrocartilage and 
elastin that connects the superior and middle capsular liga- 
ments and long head of the biceps to the glenoid. 


Normal variants include a fovea, a Buford complex, and 
a peel-back labrum. The fovea is an incomplete anterior 
superior labral attachment to the glenoid with a hole or 
thin fibrous tissue between the labrum and the glenoid (11). 
A Buford complex is a thickened middle glenohumeral lig- 
ament band that inserts at the biceps labral junction with 
an absent anterior superior labrum (44). A large fovea or 
superior labral absence may mistakenly resemble an avulsion 
injury. The posterior superior labrum may be attached to the 
glenoid neck rather than to the articular margin (9). Varia- 
tions of labral attachment can be normal embryonic variants 
or repetitive activity adaptations. 

Arthroscopic evaluation along the undersurface of the 
labrum and adjacent articular cartilage should demonstrate 
abnormal wear, suggesting instability of the superior labrum 
in pathologic settings (37). 

Superior labral tears (SLAP tears) have been classified by 
Snyder as type I degenerative, type II avulsion, type MI 
bucket-handle tears, and type IV combined labral tear and 
biceps insertion split (40). Expanded classification includes 
extension of Bankart lesions (20,38). 

Superior labral tears can allow extraarticular collection 
of synovial fluids encapsulating as paralabral cysts. These 
cysts, often recognized on magnetic resonance imaging 
(MRI) or ultrasound exam, can create pressure on adjacent 
structures (25). 

The anatomy can be visualized arthroscopically in a static 
and dynamic exam. The peel-back labrum can be seen 
arthroscopically as loss of posterior superior, glenoid con- 
tact when the shoulder is placed in abduction and external 
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rotation (9). An otherwise normal finding may increase with 
repetitive stresses, potentially leading to a painful condition. 


Superior Labrum Function 


Superior labrum contributes to superior, anteroinferior, infe- 
rior, and posterior glenohumeral stability. Superior humeral 
head translation can be reduced with secure attachment of 
the superior labrum and its biceps and capsular attachments. 
Investigators have increased anteroinferior translation after 
creating superior labral tears (34,39). In addition, arthros- 
copists have noted SLAP tears associated with some patients 
with posterior and multidirectional shoulder instability (1). 
The rotator cuff interval plays a role in stabilizing the ad- 
ducted shoulder (22). This interval consists of the superior 
labrum, superior glenohumeral ligament, middle glenohu- 
meral ligament, and coracohumeral ligament. Reduction of 
an enlarged interval has decreased inferior translation or sul- 
cus, reduced anterior translation, and external rotation and 
can be used to augment anterior stabilization. 


Superior translation of the humeral head can be limited 
with an intact superior labrum and biceps anchor with the 
humerus in external rotation (2). The long head of the biceps 
attaches to the superior labrum and glenoid tubercle. When 
the shoulder is in the cocked throwing position (abduction, 
external rotation, and extension), the head is translated pos- 
teriorly (24). Capsular changes and tears in the superior 
labrum may alter these relationships. 


The superior labrum may contribute to articular lesions 
on the undersurface of the rotator cuff. Internal impinge- 
ment is a common pathologic finding in overhead throwers 
with shoulder pain. Excessive contact of the posterosuperior 
labrum with the supraspinatus and infraspinatus during 
early acceleration can create partial-thickness rotator cuff 
tears. Subscapularis tendons can abrade on the anterosupe- 
rior labrum with flexion and internal rotation. 


Superior Labral Pathologic Conditions 


SLAP tears can be a source of pain and disability either in iso- 
lation or coexistent with other shoulder pathology (26,31). 
SLAP tears have been associated with instability, rotator cuff 
pathology, and ganglion cysts. 

SLAP tears can result from a single traumatic event. A fall on 
an outstretched arm or elbow can create a superior humeral 
translation that can avulse or tear the superior labrum. 
Shoulder hyperextension, as in an arm tackle or seat belt 
restraint or lifting injuries, can place traction on the biceps 
and capsular attachments avulsing the superior labrum. 
Large Bankart lesions can include the superior labrum and 
biceps anchor. SLAP avulsion can increase inferior transla- 
tion of the shoulder contributing to shoulder instability. 
SLAP tears often coexist with other shoulder pathology as a 
result of overuse. Baseball pitchers develop upper extremity 
velocity by placing the arm in maximum extension as they 


Musculoskeletal Problems in the Athlete 


externally rotate and abduct. Torso forward projection places 
additional contact forces on the undersurface of the rota- 
tor cuff against the superior labrum. Internal impingement 
occurs when excessive compressive forces occur and may be 
associated with rotator cuff tears, superior labral tears, pos- 
terior capsular changes, and scapular dyskinesia. 
Juxta-articular ganglions adjacent to the glenohumeral joint 
have been diagnosed with increasing frequency since MRI of 
the shoulder has been used. Ganglions often originate from 
the joint space and communicate with the ganglion with 
a defect or tear in the superior or posterosuperior labrum 
(43). Ganglions may be asymptomatic or cause neurologic 
dysfunction due to peripheral pressure on the suprascapular 
nerve prior to the supraspinatus innervation at the scapular 
notch or adjacent to the scapular spine prior to the infraspi- 
natus innervation. 


Superior Labral Diagnosis 


Patients most often complain of pain in provocative posi- 
tions. A painful click may occasionally be reproducible, espe- 
cially when associated with instability. 

The mechanism of injury can be traumatic and overuse. 
Traumatic events include a fall on an outstretched arm, 
hyperextension injury, and seat belt injury. The body torso 
projects forward as the shoulder and arm are restrained. 
Overuse injuries, as in baseball pitching, accentuate internal 
impingement contact forces. Forced inferior translation may 
create superior labral avulsions due to traction on the biceps 
and capsular attachments. 


Degenerative changes are commonly found in the superior 
labrum, and their significance has not been established. 


Physical examination has had variable results (26,30,31). 
Examination of the biceps with provocative testing has been 
helpful in anterior tears (Speed, Yergason tests). Translation 
test (load and shift, jerk tests) and provocative position (relo- 
cation test) testing can produce pain but are often associated 
with common complaints exterior to the shoulder (i.e., the 
acromioclavicular joint). Some SLAP lesions are not diagnosed 
preoperatively, but rather at the time of arthroscopic surgery. 


Imaging tests can be helpful. MRI without contrast can iden- 
tify ganglion cysts adjacent to the shoulder. MRI with articular 
contrast may illustrate superior labral tear. Anatomic variants 
may contribute to abnormal imaging findings. 


Superior Labral Treatment 


Most common treatment for intrasubstance tears of the 
superior labrum is debridement (type I and III) (4). 


Type II tears in young active individuals associated with 
shoulder instability, rotator cuff pathology, and ganglion 
origin and as isolated source of pain are considered for re- 
pair (15). These repairs may be done in combination with 
capsulorrhaphies, cuff repairs, ganglion decompression, and 
subacromial decompressions. 


CHAPTER 50 


Æ Surgical indication is continued symptoms after an appropri- 


ate rest and rehabilitation period (12). Focus of rehabilitation 
should be scapular stabilization and rotator cuff strengthening. 


Superior labral repairs are most commonly performed with 
suture anchors (35). An anchor is inserted along the articu- 
lar margin of an abraded glenoid neck. Sutures are advanced 
through the labrum and tied as mattress or simple sutures. 
Anterior labral repairs should not close naturally occurring 
fovea. Posterosuperior SLAP repairs may need accessory 
portals to properly place anchors along the glenoid to secure 
the labrum (31). 

Treatment of symptomatic SLAP tears should be individual- 
ized (3). Options include debridement, SLAP repair, or bi- 
ceps tenotomy or tenodesis. Due to a higher complications 
rate of shoulder stiffness following a SLAP suture anchor re- 
pair, biceps tenodesis has been popularized (7). The best in- 
dications for a suture anchor repair are shoulder instability, 
shoulder hyperlaxity, overhead throwers with hypermobility 
of the biceps labral complex, and ganglion resection. Many 
patients with stable shoulders can achieve satisfactory pain 
relief with biceps tenodesis or tenotomy. 

Postoperative management should include immobilization 
(3-4 weeks) and regulated movement, followed by strength- 
ening. Return to demanding activities takes 3-6 months. 





BICEPS (SHOULDER) 





The long head of the biceps is susceptible to injury in mul- 
tiple locations in the shoulder. The articular portion of the 
biceps has a twisted pathway before attaching to the superior 
labrum and glenoid. As the shoulder is positioned in abduc- 
tion and external rotation, additional stresses are placed on 
these attachments (9). 


The articular portion of the tendon exits the shoulder and 
enters the tuber groove between the humeral tuberosities. 
Tendinosis may develop due to repetitive humeral move- 
ments, friction between the tuberosities with humeral eleva- 
tion and rotation, impingement below the subacromial arch, 
and compromised blood supply. 


Instability of the long head of the biceps may occur when 
pulley ligaments or rotator cuff tendons are disrupted. 
Patients perceive clicking as the humerus is rotated, which 
may reproduce these findings in a painful shoulder. 
Tendinopathies and instability of the biceps are most often 
associated with additional injuries of the shoulder. Rotator 
cuff pathology and impingement syndromes are common 
coexistent pathologies. 


Biceps Anatomy 


E The biceps has 2 proximal origins and inserts below the elbow 


on the tubercle of the proximal radius. It traverses both the 
shoulder and the elbow and plays a role in shoulder flexion, 
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elbow flexion, and forearm supination. From a shoulder per- 
spective, the long head of the biceps is the most susceptible 
to injury. The short head originates from the coracoid pro- 
cess. 


The musculocutaneous nerve (C5, C6, and C7) innervates 
the biceps. The nerve can be seen to enter the short head 
inferior to the coracoid. The second portion is innervated 
more distally, prior to this nerve becoming a cutaneous nerve 
along the anterolateral aspect of the forearm. Injury to this 
nerve can result from anterior surgical approaches from sur- 
gical retractors. 


The long head of the biceps originates from the glenoid 
tubercle and superior labrum (21). This tendon changes 
direction as it exits the shoulder. Capsular ligaments act 
as a pulley as the tendon exits the articular space and tra- 
verses under the transverse ligament (33). Extraarticularly, 
it runs within a groove between the greater and lesser tu- 
berosities. The muscle tendon junction is adjacent to the 
inferior border of the pectoralis major tendon. Anatomic 
variations, including attachments to the rotator cuff and 
absence of glenoid attachment, may be rarely found and 
are nonproblematic. 


Biceps pathology involving the elbow will be discussed in the 
appropriate section. 


Biceps Function 


The role of the normal biceps in the shoulder includes arm 
elevation and humeral head stabilization when positioned in 
external rotation most commonly located (10). 


Due to 2 proximal attachment sites, the long head may 
rupture and not severely impact shoulder functions if the 
rotator cuff or short head attachments can compensate for 
this tear (29). 

During the throwing motion, the biceps is positioned with 
the arm in abduction, extended, and externally rotated. 
A complex change in pull occurs as the shoulder changes 
from cocking to acceleration (20). In addition to shoulder 
stresses, elbow extension occurs simultaneously, placing 
additional eccentric tension on the proximal anatomy (2,5). 


Biceps Pathologic Conditions 


Shoulder biceps tears can be located adjacent to the supe- 
rior labrum, along the articular portion, beneath the trans- 
verse ligament, within the groove, or at the muscle tendon 
junction. 


Biceps tendinosis is most commonly located adjacent to the 
location where the tendon has a directional change as it exits 
the shoulder. Because the shoulder abducts and adducts, 
these tears extend proximally and distally and can be seen 
arthroscopically during the articular and bursal exams as it 
exits above the bicipital groove (13). 

Biceps tendon subluxation can occur when the supporting 
capsular ligaments are disrupted (42). This can occur when 
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the superior portion of the subscapularis is detached from 
the lesser tuberosity (36). Capsular pulley and coracohu- 
meral ligament injury can allow medial subluxation without 
significant tendon tear (33). Lateral subluxation can occur 
if the supraspinatus tears and dorsal interval ligaments are 
disrupted (27). 

Tears at the muscle tendon junction can result from traumatic 
events. Abrupt eccentric contraction may create a tear (18). 


Biceps long head tendinosis can be coexistent with rotator 
cuff pathology in the impingement syndrome (32). The ten- 
don is aligned along the leading edge of the supraspinatus. 
During forward flexion, these structures can be impinged by 
the acromion and the coracoacromial ligament. 


Biceps Complaints and Findings 


The most common complaint is pain along the anteromedial 
aspect of the shoulder. Some patients can demonstrate a click 
with rotation of the humerus. 

The impingement test is not specific but can be sensitive to 
biceps pathology. Localized tenderness along the groove can 
help distinguish this from supraspinatus tendinosis. 


A Speed test is performed by an examiner applying resis- 
tance to arm flexion while the arm is supinated. A Yergason 
sign reproduces pain while palpating the tendon while 
applying resistance against supinating a flexed forearm. Pain 
and weakness caused by pain can be reproduced with these 
maneuvers (10,13). 


Muscular biceps examination is done with elbow flexion and 
the arm in neutral and supination. Additional testing can be 
performed with resistive elbow flexion or supination while 
the shoulder is in the overhead throwing position (6). 
Disruptions of the long head of the biceps may produce a 
“biceps Popeye muscle” if the tendon retracts distally beyond 
the transverse ligament. A tear at the muscle tendon junc- 
tion can create a similar deformity. This appears as a bulging 
muscle located distal to the contralateral side. There is often 
ecchymosis initially, and it is commonly associated with a 
rotator cuff tear (32). 


Biceps imaging can be best accomplished with MRI without 
enhancement. The sagittal views can demonstrate the articu- 
lar portion, and the transverse cuts demonstrate the extra- 
articular portions. Rotator cuff tears in the coronal view 
may raise suspicion of associated pathology. Transverse cuts 
may demonstrate the biceps medial to the bicipital groove. 
An important coexistent pathology to recognize is disrup- 
tion of the subscapularis insertion. 


Biceps Tendon Tear Treatment 


Biceps pathology is often coexistent with rotator cuff prob- 
lems. Tendinosis and impingement can coexist with supra- 
spinatus tears. Biceps instability following trauma can be 
associated with a subscapularis tear. Diagnosing rotator cuff 
tears is important in determining treatment options. 


Musculoskeletal Problems in the Athlete 


Traditionally, treatment has been divided into biceps tears 
involving up to 50% of the tendon or greater than 50% of 
the tendon (13). More mild tears are debrided, and larger 
tears are considered for tenotomy or tenodesis. This con- 
cept is controversial, and sports physicians have indivi- 
dualized treatment rather than relying on degree of tendon 
involvement (19). 

Biceps tendon debridement can be done arthroscopically 
or through an open approach. The articular part of the ten- 
don can be easily debrided arthroscopically. To visualize the 
extraarticular portion, the tendon needs to be drawn into the 
articular viewing area or has to be visualized on the bursal 
side after the supporting capsule has been divided. 


Current controversy exists between cutting the damaged biceps 
tendon (tenotomy) (19) versus reattachment of the biceps ten- 
don in a different location (tenodesis) (13,17). Generally, older 
individuals who are less active are comfortable with tenotomy 
supported by a minimal postoperative recovery. Younger and 
high-demand individuals may wish to avoid a possible biceps 
muscle deformity that may be created by completing the tear 
of the biceps and prefer a tenodesis. Functional deficits from 
a long-head rupture or iatrogenic division of the long head of 
the biceps are usually temporary (29). Patients’ concerns and 
options should be discussed preoperatively. 


Biceps tenodesis can be performed after dividing the tendon 
adjacent to the superior labrum. The biceps can be fastened 
to the proximal humerus or to adjacent soft tissue. Tenodesis 
to bone can be performed with suture anchors, bone tun- 
nels, or interference screw fixation. Soft tissue repairs can be 
created with sutures, tendon to tendon, or tendon to capsule. 


Patients can be categorized as rotator cuff intact with bi- 
ceps tear or coexistent cuff and biceps tears. In the latter, the 
arthroscopic or open suture anchor repair can be used to 
create a secure tendon-to-bone repair of both the cuff and 
the biceps. Patients with an intact cuff may have tenodesis 
performed but will need postoperative activity restriction 
during the initial healing period to protect the biceps at- 
tachment. Resistive exercises are generally delayed to 8 weeks 
postoperatively. 

Subpectoral open tenodesis repairs have been popularized 
when extensive tendon involvement includes the extra- 
articular portion. This allows for excision of the diseased 
portion prior to tendon-to-humerus reattachment. The 
muscle tendon junction is aligned along the inferior border 
of the pectoralis major tendon. 
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INTRODUCTION 





Throwing Motion 


E Throwing in baseball has been analyzed extensively, with the 


specific maneuvers being broken down into 6 phases (6). 
While the analysis of the baseball throw is the best under- 
stood and most studied, other throwing, racquet, and over- 
hand sports have also been evaluated. The mechanics of a 
baseball throw are transferable, for the most part, to other 
sports with some modifications depending on the size of the 
ball or the maneuver being analyzed. The baseball throw, by 
virtue of its speed and frequency, however, is the most trau- 
matic to the shoulder. 


The phases of throwing are summarized as follows: 
E Wind up 
Q Readying phase 


I Minimal shoulder stress 





Q Ground, legs, and trunk are force generators 
E Early cocking 

E Late cocking 

Q Scapular retraction for stable throwing base 
1 Maximal external rotation 


T Posterior translation of the humeral head as a result of 
abduction/external rotation (ABER) 


T Shear force across anterior shoulder of 400 newtons 
1 Compressive force of 650 newtons generated by cuff 
E Acceleration 


a Transition from eccentric to concentric forces anteri- 
orly (vice versa posteriorly) 


Q Rotation occurs at 7,000-9,000 degrees per second 





I Only one-third of the kinetic energy leaves with the ball 
(the remainder is dissipated through the extremity) 


E Deceleration 


Q Most violent phase (responsible for dissipation of 
energy not imparted to ball) 





1 Distractive forces generated by the acceleration phase 
are countered by violent contraction of posterior rota- 
tor cuff and scapular stabilizers 
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U1 Largest joint loads 
Posterior shear force of 400 newtons 
Inferior shear forces of > 300 newtons 
Compressive forces of > 1000 newtons 


Adduction torque > 80 newton-meter; horizontal 
abduction torque of 100 newton-meter 


E Follow-through 
Q Rebalancing phase 


1 Compressive forces of 400 newtons 





3 Inferior shear of 200 newtons 


E The entire motion takes less than 2 seconds with most of the 


time (1.5 seconds) taken up by the early phases (wind up and 
cocking). 


E Three critical points in the motion: 


4 Cocking: Point in process where full external rotation/ 
abduction is achieved, shear force on labrum is maxi- 
mum, biceps vector shifts posteriorly, and the energy 
generated by trunk/legs is transferred to shoulder; 
leads to potential injury situation for the shoulder at 
risk (2,3). 

Acceleration: The body falls ahead of the shoulder 
while the internal rotators are maximally contract- 
ing and the angular velocity exceeds 7,000 degrees per 
second. 


oO 


4 Deceleration: Scapular stabilizers and posterior rotator 
cuff contract violently to counter the distractive force 
of acceleration and lessen the load on the posterior in- 
ferior glenohumeral ligament (PIGHL). 


Kinetic Chain of Throwing 


E The forces needed to propel the ball and generate the velocity 


of the throw require contributions from all body segments (4). 
These contributions help to minimize joint stress and allow 
for the forces to be passed to distal segments as the motion 
progresses. 


The kinetic chain includes 
E Force generators — ground, legs, trunk 
E Force regulator — shoulder 


E Force delivery — arm 


Dead Arm 


E Any pathologic shoulder condition in which the thrower is un- 
able to throw with preinjury velocity and control because of a 
combination of pain and subjective unease in the shoulder (4). 


Glenohumeral Internal Rotation 
Deficit (GIRD) 


E Basic definition: Loss of glenohumeral internal rotation 
in the throwing shoulder compared to the nonthrowing 
shoulder. 


E What constitutes a clinically significant amount of GIRD is 
debated. 

Acceptable level of GIRD, as defined by Burkhart et al. (2—4), 
is less than 20 degrees or less than 10% of the total rotation 
measured in the nonthrowing shoulder. 

E Clinical significance may occur when internal rotation loss 
exceeds external rotation gain in the throwing athlete. 

E GIRD can also be seen in asymptomatic throwers and, in this 
case, may be related to increased humeral retroversion (21). 





PATHOPHYSIOLOGY 


Current Theory 


E Centers around GIRD, caused by contracted PIGHL, as the 
essential problem in pathology of the thrower’s shoulder. 


H Previously, anterior capsular laxity due to repetitive micro- 
trauma of the throwing motion had been suggested as the 
essential problem (9). 

E Recent basic science suggests that the thrower’s shoulder 
pathology may be the result of posterior capsular/ligament 
tightness rather than increased anterior laxity. There was a 
trend toward a less inferior position of the humeral head in 
the late cocking position when a posterior capsular contrac- 
ture was simulated (7). 


The Pathologic Cascade (2,3) 


Primary event — posterior cuff and scapular stabilizer weak- 
ness; patient often asymptomatic 

Muscle weakness leads to PIGHL overload as a static stabi- 
lizer, which leads to PIGHL fibrosis and contracture, clinically 
manifested as GIRD. 


H Posterior superior shift of humeral head on the glenoid 
occurs in the ABER position (late cocking phase) due to pos- 
terior ligament contracture. Can lead to excessive internal 
impingement beyond the physiologic level, excessive labral 
shear forces, and excessive posterior biceps vector, thus lead- 
ing to painful shoulder 

H Posterior type II superior labrum anterior to posterior 
(SLAP) tear occurs next as labrum gives way due to increased 
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shear stress combined with increased peel-back force from 
posterior biceps vector. 

E Undersurface posterior rotator cuff tears follow due to in- 
creased tensile, torsional, and compressive forces. 


E Tertiary event of the cascade is anterior capsular failure with 
resultant instability. This is often limited to veteran throwers, 
who despite proceeding through the previous points in the 
cascade over many years have been able to compensate, con- 
tinuing to throw at an elite level, and only present once the 
instability tips them over the edge. 


Labral Tears (SLAP) 


Traction Mechanism 


E During deceleration, biceps muscle contraction is strong as 
both elbow extension and glenohumeral distractions oc- 
cur. The biceps muscle has been shown to be essential to 
limiting torsional forces to the shoulder in the ABER posi- 
tion (17). By this mechanism, the effect on the superior 
labrum would be one of failure either by tension or direct 
compression. 


Peel-Back Mechanism 
E Tension overload develops in the ABER extremity (16) based 
on three observations: 
E A posterior type II SLAP, or thrower’s SLAP, lesion can 
cause anterior pseudolaxity. Essentially, a transfer ante- 
rior of the posterior lesion. 


E ABER causes peel back of posterior superior labrum that 
becomes pathologic when the posterior band of the in- 
ferior glenohumeral ligament (IGHL) is contracted and 
shifts the humeral head posterior superior. 

E Posterior inferior capsule tightens in overhand throwers 
due to muscle stabilizer weakness. Axis of rotation of hu- 
meral head is shifted posterior superior, external rotation 
increases, and the biceps vector shifts posterior; result is 
increased internal impingement and maximized peel- 
back forces. 


Rotator Cuff 


E Supraspinatus, infraspinatus, and teres minor tire in late 
cocking to move to maximal external rotation, followed by 
eccentric firing in deceleration. 

E ‘Tensile and torsional stress develops in cuff muscles as exter- 
nal rotation becomes excessive with posterior IGHL tightness. 

E These stresses may speed normal degeneration. 

E Factors of stressful loading, distraction, and excessive in- 
ternal and external rotation can cause acute inflammatory 
responses early (internal impingement) or tendon failure in 
the later stages (rotator cuff tears). 

E Stresses on cuff can also be increased with scapular dyskine- 
sis and a protracted scapula (secondary impingement). 


Symptomatic exostoses usually respond to rest and occasional 
steroid injections. 

Excision is performed through either an arthroscopic or pos- 
terior open approach (14,15). 


354 SECTION İV Musculoskeletal Problems in the Athlete 
Capsular E 
External Rotation Excess “ 
Instability Theory 

E Excessive external rotation, from repetitive throwing, leads 


to soft tissue adaptive changes (anterior capsular stretching) 
and subsequent instability (11). 

Attention must be made to the full arc of motion. Throwers 
may create a new set point with increased external rotation. 
The lack of internal rotation may be compensated by in- 
creased external rotation and may not represent true GIRD. 
Thought to possibly lead to increased internal impingement 
Secondary posterior capsular tightness also occurs. 


Hyperexternal Rotation Theory (18) 


Stretching of the anterior structures is on the basis of hyper- 
external rotation/hyperhorizontal abduction and not a true 
anterior instability pattern. 


More important is the loss of internal rotation in abduction, 
which far exceeds external rotation gain. 


Internal Impingement 


Rotator cuff impinges on the posterosuperior rim of the gle- 

noid in ABER (9). 

Causes pain in ABER position and correlates with posi- 

tive apprehension (posterior pain) and relocation maneu- 

vers (22). 

Etiology: 2 theories 

E Physiologic phenomenon occurring in all individuals 
that can cause labral and cuff tearing with overuse type/ 
repetitive activity. 

E Secondary internal impingement occurs as a result of the 
excessive external rotation that developed from repetitive 
throwing. 

Analysis of rotator cuff contact in throwing and nonthrow- 

ing extremities has revealed contact in both arms when in 

ABER position, lending credence to the theory of physiologic 

impingement, which develops problems as a result of repeti- 

tive trauma (8). 

In addition, physiologic impingement can also be worsened 

by the posteroir superior shift of the humeral head that 

occurs with a tight PIGHL and GIRD. 


Bony Changes 


Bennett lesion: bony reactive changes at the posterior gle- 

noid margin (1) 

Symptom complex includes pain in posterior deltoid in 

follow-through phase. 

E Exostosis is typically at the posterior inferior glenoid 
margin. 

E Size of lesion is not correlated with symptoms. 

E Symptoms may occur gradually or acutely. 


Changes are not always clinically symptomatic. 





MANAGEMENT OF SPECIFIC INJURIES 





SLAP Lesions 


Variable amounts of detachment encountered. The estab- 
lished classification system defines the clinically unstable 
lesions as those that involve the biceps anchor (19). 


Type II SLAP lesions in the throwing athlete tend to be lo- 
cated from the biceps anchor extending posterior and less 
often involve the anterior superior labrum. 


Conservative management in an established SLAP lesion 
does not fare well in throwers. 


Attempts at rehabilitation center around stretching out the 
PIGHL to correct GIRD, management of scapulothoracic 
dyskinesia, and strengthening of the rotator cuff. 

Surgical management is arthroscopic stabilization with the 
use of suture anchors. If GIRD is greater than 20 degrees 
with exam under anesthesia, a posterior inferior capsular re- 
lease should be considered (2,3). 

Rehabilitation after surgery should include PIGHL stretching 
and strengthening of scapula stabilizers to help correct pri- 
mary problem. 


Rotator Cuff Tears 


Partial-thickness tearing is most common. Partial tears result 
from the excessive tension/torsion developed within fibers, 
as well as internal impingement that occurs in the hyperex- 
ternally rotated position. 


E Intra-articular partial tears are most common. 


E Diagnosis is done via magnetic resonance imaging with 
intra-articular gadolinium. 


Q Assess arm in ABER position. 
Q Highly suspicious of diagnosis in high-level throwers. 
E Surgical indications: 


Q A complete arthroscopic evaluation of joint is impor- 
tant due to the high incidence of labral lesions and 
partial cuff tears. 


Q Debridement is considered with lesions less than 50% 
thickness and in those with normal preoperative strength. 


L 


Repair is considered in those lesions greater than 50% 
of tendon thickness. 





I Consider acromioplasty and/or coracoacromial liga- 
ment release if there are signs of primary impingement 
on exam. Usually not needed because impingement in 
throwers is often secondary due to scapular protrac- 
tion and will improve with rehabilitation. 


Impingement 


Primary 


Rare as an isolated entity. 

High incidence of intra-articular pathology. 

A complete diagnostic arthroscopy is indicated in all patients to 
assess for additional pathology. An isolated subacromial decom- 
pression is seldom the answer in a thrower with shoulder pain. 
In 1 study, only 43% of patients with surgical decompression 
returned to preinjury level of competition (20). 

If performing decompression, it should be a conservative 
resection. 


Do not resect a type I acromion. 


Secondary 


Due to scapular dyskinesia, which results from weak scapu- 
lar stabilizers. This leads to protracted scapula and impinge- 
ment in ABER position. 

With specialized scapular rehabilitation program, this pain 
generator will resolve. 

This problem needs to be corrected, in addition to intra- 
articular pathology, or the pathology will recur. 


Rehabilitation Issues 


Scapulothoracic Articulation 


Often the cause of secondary impingement. 


The scapula has 5 specific functions that have implications in 
throwers (10). 


E Stable part of the glenohumeral articulation, where rota- 
tion of the glenohumeral joint allows maximal concavity 
and compression 


E Retracts and protracts the shoulder complex along the 
thoracic wall 


E Acromial elevation to avoid impingement with arm elevation 
E Base for muscular attachments 


E Energy transfer from the legs, back, and trunk 


Scapulothoracic Dyskinesia 


Abnormal set of motions and positions affecting the relative 
position of the scapula and the proximal humerus. 


E Etiologies include nerve or muscle injury, muscle inhibi- 
tion, and glenohumeral stiffness or laxity. 


E Mechanical dysfunction may result in impingement and 
insufficient translation of energy from the lower body. 


1 Excessive stress results in overuse injuries. 





4 Clinical picture is confusing as a result of secondary 
impingement and capsular changes that may occur as 
a result of the adaptations to scapular malalignment. 


Proprioception (12) 


E Excessive joint laxity associated with capsuloligamentous in- 


jury and resulting microtrauma cause damage to the neural 
receptors and lead to deafferentation. 
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E Neuromuscular deficits impair reflexive muscular stabiliza- 


tion, predisposing the shoulder to episodes of functional 

instability. 

E Diminished joint position sense, kinesthetic awareness, 
and abnormal humeroscapular firing patterns (13). 


E Abnormal firing patterns documented on electro- 
myography studies in throwers with glenohumeral 
instability (5). 

E After surgical reconstruction, joint position sense and 
reproduction of passive positioning improve to baseline 
levels (13). 


E Restoration of functional stability. 


E Traditional strengthening exercises do not address neuro- 
muscular deficits. 

E Four elements are necessary to restore functional stabi- 

lity (13): 

4 Peripheral somatosensory: including visual and 

vestibular 


I Spinal reflexes: sudden alteration in joint position that 
requires reflex muscular stabilization 


Cognitive programming: appreciation of joint position 





1 Brainstem 


E All 4 elements need to be addressed in order to fulfill the 
objective of stimulating all subsystems: 


“1 Dynamic stabilization: 
Promotes coactivation of force couples 
Centers humeral head. 
1 Joint position sensibility: 
Restore through conscious and unconscious 
pathways. 
4 Reactive neuromuscular control: 


Reflexive muscular stabilization induced by sudden 
alterations in joint position. 


Eccentric activities useful. 
1 Functional motor patterns: 
Progression to the actual throwing activity. 


Analyze direction of force, amount of loading, and 
resultant muscle action to incorporate functional 
progression. 
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Elbow Instability 


Scott P. Steinmann 





INTRODUCTION 





E The elbow is a congruent, complex hinge joint. 

Although constrained by bony architecture at the extremes of 
flexion and extension with ligamentous stability in the mid- 
range of motion, it accounts for 20% of all dislocations (5). 

E Most instabilities result from either a single trauma (straight 
posterior or posterolateral rotatory instability) or chronic 
overuse in the overhead athlete (valgus instability). Varus 
instability can also occur and is frequently associated with a 
anteromedial coronoid fracture. 





FUNCTIONAL ANATOMY 





E The elbow joint comprises the radiocapitellar, ulnohumeral, 
and proximal radioulnar joints. 

E The lateral portion of the distal humerus, the capitulum, 
articulates with the radial head. The medial portion of the 
humerus, the trochlea, articulates with the trochlear notch or 
“greater sigmoid notch” of the ulna. The radial notch of the 
ulna articulates with the radial head (7). 


E The ulnohumeral joint affords flexion and extension of the 
elbow while the proximal radioulnar joint affords pronation 
and supination. The radiocapitellar joint moves in both rota- 
tion and flexion/extension. 

E The primary restraints of the elbow are the osseous ulno- 
humeral articulation, particularly at the extremes of flexion 
and extension, and the ligamentous structures medially and 
laterally (9). 

E The medial (or ulnar) collateral ligament (MCL) is the main 
constraint to valgus instability. It originates on the antero- 
inferior medial epicondyle and consists of an anterior band 
inserting on the sublime tubercle of the coronoid process 
(and provides most stability at all arcs of flexion) and the 
posterior band inserting on the medial margin of the semi- 
lunar notch of the ulna (and provides stability at 90 degrees 
of flexion). An injury pattern of valgus force tends to rupture 
the MCL off of the humeral origin. 

H The lateral collateral ligament (LCL) complex originates from 
the lateral epicondyle and consists of 4 parts: (a) the radial 
collateral ligament; (b) the lateral ulnar collateral ligament 








(LUCL), which provides most lateral stability; (c) the annular 
ligament, which encircles the radial head; and (d) the accessory 
LCL. A common injury pattern is an avulsion of the complex 
from the humeral origin. 





HISTORY (MCL) 


MCL injuries are most common in overhead-throwing 
athletes (2). 

The most common complaint is pain typically felt during 
late cocking and early deceleration of the throwing motion. 
Throwing velocity may also be diminished. 

Athletes do not complain of symptoms of elbow instability, 
such as popping, locking, or clicking; however, associated 
abnormalities, such as synovitis, plica, or loose bodies, may 
present with these symptoms. Most athletes if rested for a 
significant period of time or retired from overhead throwing 
will recover painless function, but few are willing to undergo 
nonoperative treatment for many months. 

It is rare to have an acute rupture of the MCL during an 
athletic event. Catastrophic tearing of the MCL occasionally 
can be seen, but patients often have had recurrent symptoms 
prior to ligament failure. 

Acute rupture of the MCL is most commonly seen in a full 
dislocation of the elbow, which may also avulse the origin of 
the flexor-pronator group. 

Patients may also have neuritis of the ulnar nerve, with 
numbness and tingling in the ulnar digits, as well as loss of 
strength in the finger intrinsic muscles. This may occur due 
to inflammatory changes along the medial side of the elbow 
and rarely requires isolated ulnar nerve decompression. 





HISTORY (LUCL) 





E Injury to the LCL complex is usually the result of trauma 


causing a dislocation or fracture-dislocation, such as a fall 
on an outstretched hand. An occasional iatrogenic cause may 
occur secondary to previous lateral tennis elbow surgery, 
especially if a full release was performed instead of a partial 
resection. Tennis elbow releases that stray posterior to the 
midportion of the capitellum may detach the LCL complex. 
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E Insufficiency of the LUCL is the essential lesion leading to 
lateral elbow instability. 

E A constellation of injuries called “the terrible triad” of radial 
head fracture, coronoid fracture, and elbow dislocation is a 
common cause of lateral ligament instability. 

E The main complaint of athletes with instability is popping 
and clicking of the elbow and a sensation of giving way. 
Push-ups or pushing oneself up from a chair may be painful 
or bring on symptoms of instability or giving way. 

The LUCL is stressed in activities of daily living (e.g., lifting 
milk out of the refrigerator or shifting a manual transmission 
in a car), so unlike an MCL tear, patients will complain of 
pain and/or instability during normal activities, not just 
sports (3). 





PHYSICAL EXAMINATION (MCL) 





E Athlete may be tender to palpation over the MCL. This is 
more easily appreciated when palpation is done concurrently 
with valgus stress. 

E A flexor-pronator origin avulsion can also present with 
tenderness just distal to the medial epicondyle. This can be 
seen in golfers who strike the ground hard accidentally with 
the club after a missed shot. A magnetic resonance imaging 
(MRI) can help distinguish between MCL avulsion and flex- 
or pronator avulsion. 

E “Golfer’s elbow” is a term used to describe medial elbow pain 
and tenderness in a patient without a traumatic history and 
minimal findings on MRI. 

E The patient may present with tenderness over the ulnar 
nerve in the cubital tunnel. 

E Valgus stability is tested with the elbow flexed between 25 
and 40 degrees to minimize the effect of bony restraints, and 
a valgus stress is applied while the examiner supports the 
elbow (11). 





PHYSICAL EXAMINATION (LUCL) 





E The lateral pivot shift test can be used for diagnosis. As origi- 
nally described by O’Driscoll et al. (8), the patient is supine 
with the shoulder at 90 degrees of flexion with the elbow 
flexed 90 degrees overhead. The examiner gently supinates the 
forearm, and a valgus moment is applied. The arm is brought 
from near extension to flexion. The athlete should have ap- 
prehension during the beginning of the test, with further flex- 
ion causing a reduction of subluxation and diminution of the 
apprehension. The test can also be performed from flexion to 
extension as the elbow moves from reduced to subluxed. 


E The lateral pivot shift test is rarely positive in the awake 
patient unless there is gross instability. Frank palpable sub- 
luxation and reduction is rare, unless the patient is under 
general anesthesia. 


A useful test in the clinic setting is to gently hold the patient’s 
elbow at 90 degrees while the patient is relaxed in the sitting 
position. With the examiner’s thumb over the radiocapitel- 
lar joint, the forearm is passively rotated into full supination. 
Subtle increased displacement of the radial head represents 
lateral ligament laxity. This can be compared to the contra- 
lateral side. 





IMAGING STUDIES 





Plain radiographs may reveal associated intra-articular loose 
bodies, osteophytes, or calcification of the MCL (5). A shallow 
ulnohumeral joint may be evident on the lateral view. 

Stress views under fluoroscopy or ultrasound with a valgus 
or varus force can show a side-to-side difference, confirming 
MCL or LUCL insufficiency. 

MRI can show damage to ligaments on either side and can 
be useful when the diagnosis is in doubt or for preoperative 
planning. Injection of gadolinium dye may enhance the MRI. 


It is important to remember that in an active overhead 
athlete who has been competing for several years, the MRI is 
almost never “normal,” and results should be interpreted in 
light of the physical examination. 





TREATMENT (NONOPERATIVE) 





Document the neurovascular examination before and after 
any interventions. 

Immediate treatment of a frank elbow dislocation is reduc- 
tion followed by splinting in 90 degrees of flexion, with post- 
reduction x-rays to look for associated fractures (coronoid, 
radial head, olecranon). 


Reduction is best accomplished with sedation and gradual 
movement from extension to flexion with the examiner’s 
thumbs pushing the tip of the olecranon distally and traction 
applied along the axis of the forearm in order to translate the 
coronoid over the trochlea and gently reduce the joint. 

Once the joint is reduced, it is placed through a full range of 
motion to assess how stable the articulation is. In most simple 
dislocations, the elbow should be stable from full flexion to ex- 
tension. Applying a varus or valgus force to test the ligaments is 
not helpful because they are almost always torn and will show 
increased laxity, which does not warrant operative treatment. 
If the elbow dislocates as the elbow approaches extension, 
then options include immobilization at 90 degrees or more 
for 7-10 days. 

It is still possible to subluxate in a splint or cast, so radiographs 
should be obtained in several days to confirm continued 
reduction. 

For MCL injuries, a trial of nonoperative treatment with mo- 
dalities to reduce swelling and medial-sided flexor-pronator 
strengthening is usually sufficient. 


E For LUCL injuries, avoidance of varus stress with use of a 


splint or brace can be helpful. Range of motion exercises in 
the supine position with the arm overhead allow avoidance 
of varus stress. 





TREATMENT (OPERATIVE) 


E For MCL injuries, the indications for surgery are a failure of a 


quality rehabilitation regimen and the athlete’s desire to return 
to previous level of activity. The surgical treatment consists of 
a tendon graft approximating the attachments of the MCL (6). 
Graft choices include autograft or allograft. The original recon- 
struction described by Jobe et al. (4) requires 5 bone tunnels 
with a tendon weave. Newer techniques, such as the docking 
procedure (10), use 2 or 3 bone tunnels (1). Results of primary 
repair of the MCL (without reconstruction with a graft) have 
been disappointing and are usually reserved for patients with a 
bony avulsion at the MCL origin or insertion (11). 

For LUCL injuries, the indications are pain and dysfunction, 
either in activities of daily living or with athletics. Surgical 
treatment consists of either repair of the LUCL to the hu- 
meral origin or surgical reconstruction of the LUCL with a 
tendon graft (8). Similar to MCL reconstruction, newer tech- 
niques use either 2 or 3 bone tunnels and either an allograft 
or autograft. 
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and Fractures 


Edward S. Ashman 





INTRODUCTION 





E Elbow articular lesions and fractures are not uncommon in 
the athlete. Seven percent of all fractures occur in the elbow 
(5). It is important for the sports physician to become famil- 
iar with patterns of injury and treatment options for athletic 
injuries of the elbow. 

E The elbow’s high degree of bony congruity, soft tissue aspects, 
and high potential for stiffness make the elbow uniquely 
challenging to treat after athletic injury. A common theme of 
elbow injuries is that early motion is important to minimize 
stiffness and to nourish the joint. Range of motion (ROM) 
required for activities of daily living is defined as 30-130 de- 
grees of flexion and 50 degrees of supination and pronation 
(6). However, athletic activities may require far more motion 
than this. 

E Pediatric and adult elbow fractures differ considerably and 
will be discussed separately. 


PEDIATRIC FRACTURES 





Radiographic Evaluation 


E Physicians evaluating pediatric elbow fractures must be fa- 
miliar with normal developmental anatomy, as well as sec- 
ondary ossification centers about the elbow. 

ŒE When obtaining radiographs, it is often helpful to obtain 
contralateral comparison view for comparison to differenti- 
ate between normal ossification centers and fractures. 

E The proximal radius should point to the capitellum in all 
views. The long axis of the ulna should line up with or be 
slightly medial to the long axis of the humerus on a true an- 
teroposterior (AP) view. The anterior humeral line should 
bisect the capitellum on the lateral view. The humeral- 
capitellar (Baumann) angle should be within the range of 
9-26 degrees of valgus (11). 

E A posterior fat pad sign is always considered to be an abnor- 
mal radiographic finding and represents an elbow fracture 
76% of the time (9). 
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Elbow Articular Lesions 


An anterior fat pad sign represents a superficial part of ante- 
rior fat pad and should be in front of the coronoid fossa. In 
normal elbow, the anterior fat pad should be barely visualized. 
Look for small radiolucent area between bony rim and mod- 
erate opaque shadows of brachialis. 

With joint effusion, there will be anterior and superior dis- 
placement of anterior fat pad (9). 


Ossification Centers of the Elbow 


Capitellum (appears at age 1-2 years) 

Radial head (appears at age 2—4 years) 

Medial epicondyle (appears at age 4—6 years) 
Trochlea (appears at age 8—11 years) 

Olecranon (appears at age 9-11 years) 

Lateral epicondyle (appears at age 10—11 years) (11) 


A well-known, but ribald, mnemonic exists to remember this 
order but will not be repeated here. (So sue me; just remem- 
ber: you Can’t Resist My Team Of Lawyers.) 


Supracondylar Fractures 


Extraarticular supracondylar fractures are the most com- 
mon elbow fracture in the pediatric population and repre- 
sent 10% of all pediatric fractures. Most occur due to a fall 
on the hand or elbow. Extension pattern is far more common 
(98%) (11). 

Performance of a careful neurovascular examination is cru- 
cial. Any of the neurovascular structures crossing the elbow 
joint may be at risk. Radiographs are mandatory. The pulse- 
less, poorly perfused hand is a true emergency. It is impor- 
tant to rule out vascular injury. Vascular injuries are more 
commonly associated with posterolateral displacement and 
higher grade injuries. The medial spike may tether the bra- 
chial artery. One must perform frequent rechecks of the 
radial pulse to document its presence, as well as its quality. 
An intimal arterial injury may not be initially apparent but 
may develop over hours. Compartment syndromes must be 
treated emergently, and a high degree of clinical suspicion 
for this complication must be maintained, as a missed com- 
partment syndrome may lead to catastrophic results (8). 
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The anterior interosseous (AI) nerve is the most frequently 


injured nerve, but most recover spontaneously within 6 
months. The AI nerve can be checked by having the patient 
make an “OK” sign. With posteromedial displacement, the 
lateral spike of proximal fragment may tether the radial 
nerve (4). 


Clinical signs include the “dimple sign” that occurs when the 
fracture ends are caught in the brachialis and subcutaneous 
soft tissues. The olecranon and the 2 epicondyles should 
form a straight line in the extended position and a triangle 
when the elbow is flexed to 90 degrees. This relationship is 
unchanged in a supracondylar fracture but is altered by an 
elbow dislocation (3). 


Treatment is defined by stability of fracture pattern as de- 
fined by Gartland classification. Type I is nondisplaced, and 
type II exhibits anterior gapping, limited rotational ma- 
lalignment, and an intact posterior hinge. Type III fractures 
have no cortical continuity and are totally unstable. Type I 
may be treated with splinting; types II and III require reduc- 
tion and most require operative intervention to maintain 
stability while in a 90-degree position of flexion (3). 


Following reduction, it is crucial to perform a repeat neuro- 
vascular examination and again check radiographs. 


Potential long-term sequelae of the supracondylar fracture 
include the following: 


E Cubitus varus is the most common complication fol- 
lowing supracondylar humerus fracture. It is primarily a 
cosmetic deformity and does not usually create a loss of 
function. Previously, cubitus varus was thought to be cre- 
ated by growth disturbance, but it is now believed to be 
due to imperfect fracture reduction. It is extremely im- 
portant to have perfect fracture rotation. 


E Volkmann contracture can be caused by brachial artery 
injury leading to a severe compartment syndrome, mus- 
cle necrosis, and degeneration. This was often a result of 
maintaining the arm in severe flexion in order to main- 
tain a reduction. A closed reduction should be maintained 
with the arm in 90 degrees of flexion. If more flexion is 
needed to maintain the reduction, percutaneous pinning 
should be considered. Treatment options are focused on 
restoring vascular flow and reducing compartment pres- 
sure. It is usually too late to avoid severe morbidity. It is 
imperative to avoid this complication with proper frac- 
ture care and neurovascular monitoring. 


E Arterial injury occurs in approximately 5% of children 
with supracondylar fractures. Arteriography is indicated 
if the pulse is decreased following reduction. If no pulse 
is present before and after reduction, emergent surgery is 
required, and a delay for arteriography is contraindicated. 


E Nerve injuries are usually AI or radial nerve injuries and 
can be quite common (up to 50% AI injury with type II 
fractures). Most nerve palsies resulting from supracondy- 
lar fractures are neurapraxias and will resolve spontane- 
ously within 3-6 months. 
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Lateral Epicondyle Fracture 


E This fracture is exceedingly rare in adults (as is the medial 


epicondyle fracture) and is essentially a pediatric fracture. 
Intra-articular fractures must be considered as potentially 
unstable. Magnetic resonance imaging (MRI) or computed 
tomography (CT) may be needed to appreciate intra-articular 
component of fracture. Even benign-appearing injuries may 
develop displacement and high complication rates. Potential 
complications include nonunion, delayed union, and tardy 
ulnar nerve palsy secondary to progressive cubital valgus (12). 
If there is less than 2 mm of displacement, the fracture may 
be treated with cast immobilization but must be followed 
closely with serial radiographs. Any displacement greater 
than 2 mm must be surgically reduced and fixed (10,12). 


Medial Epicondyle Fracture 


E More common in young throwing athletes (i.e., pitchers) 


that subject their elbows to high valgus stress. If chronic, the 
condition is termed “little leaguer’s elbow.” 


Must perform careful neurologic examination, as ulnar 
nerve may be involved (12). 


Must test for signs of instability, as it is possible that elbow 
is dislocated and spontaneously reduced because youths 
have less inherent stability than adults (2). Valgus instability 
should be assessed at 25 degrees of flexion. Also, the gravity 
stress test may be used. With the patient lying supine, exter- 
nally rotate and abduct the shoulder to 90 degrees, flex the 
elbow to 20 degrees, and observe for pain and laxity. Stress 
x-ray views may also be performed (11). 

Even minimally displaced fractures may be well tolerated in 
the nonathlete (12). However, in the young athlete who is 
expected to have valgus stress on the elbow (throwers), op- 
erative intervention is more likely necessary. Surgical indica- 
tions include the following (12): 

E Displacement greater than 10 mm may cause loss of 

strength of the flexor mass and should be fixed. 


E Ulnar neuropathy with displaced fracture 
E Valgus instability, as determined earlier 
E Displaced fracture that blocks joint motion 


Olecranon Fracture 


Occur with other elbow fractures 20% of time. 
Displacement of 5 mm and articular step-off of 2 mm are 
operative indications. Hardware used depends on stability of 
fracture pattern, with plates used for less stable injury. 

Treat nonoperatively in 20 degrees of flexion to minimize tri- 
ceps pull (11). 


Proximal Radius Fracture 


E Radial neck fractures are more common in 8- to 12-year-olds. 


Treatment is determined by angulation. Less than 30 degrees 
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of angulation of neck is accepted. Greater than 30 degrees 
requires reduction, and greater than 60 degrees may require 
the use of a wire to “joystick” the fracture into position (11). 





ADULT ELBOW TRAUMA 





Distal Humerus Fractures 


These fractures are rare in the athlete. High energy is re- 
quired to cause this injury in the young adult population. In 
the general population, these fractures represent one-third 
of elbow fractures or 2% of all fractures (6). All have a high 
propensity for stiffness. It is important to maintain a func- 
tional ROM for activities of daily living. Nonoperative treat- 
ment is used only for nondisplaced fractures. 

Operative treatment for displaced articular fractures aims 
for anatomic reduction and early motion to minimize stiff- 
ness. Intra-articular distal humerus fractures tend to be ex- 
tremely complicated to treat operatively, and discussion of 
operative techniques is beyond the scope of this book. 


Capitellar Fracture 


These fractures are rare (< 1% of all elbow fractures) (6). 
They are often associated with radial head fractures. Diagno- 
sis may be difficult, and the lateral plain film must be care- 
fully checked. A CT scan may be necessary to better delineate 
the fracture type. Nonoperative treatment is used for non- 
displaced fractures. 

There are 3 basic types of capitellar fractures: Hahn-Steinthal 
fracture includes a large portion of bone with the capitellar 
articular surface and usually is able to be primarily reduced 
and fixed operatively. The Kocher-Lorenz fragment involves 
a small amount of articular surface of the capitellum only 
and must often be excised. A third type of fracture is com- 
minuted and is also difficult to fix. 


Early motion is mandatory after these injuries. 


Radial Head Fractures 


Common: 20%—30% of elbow fractures (6). Adults tend to 
sustain radial head as opposed to neck fractures. May be 
isolated or associated with elbow dislocation, ulnar shaft 
fractures, distal radial joint injury (Essex-Lopresti lesion), or 
carpal fractures, as well as additional fracture patterns. 

Must rule out associated medial collateral ligament (MCL) 
injury, interosseous membrane injury, and distal radioulnar 
joint injury. 

Operative indications include displacement greater than 
2 mm, mechanical block to motion (pain may be ruled out as 
cause with intra-articular lidocaine injection), > 20%-30% 
articular depression, or open fracture (7). Surgical options 
depend on fracture type as well as associated lesions and in- 
clude excision, open reduction internal fixation (ORIF), or 
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hemiarthroplasty. The radial head should never be excised 
with an interosseous ligament or MCL injury. 


Olecranon Fracture 


Nondisplaced fractures < 2 mm are treated nonoperatively 
with long arm casting. Care must be taken to avoid pro- 
longed immobilization and stiffness (6). 

Displaced fracture requires ORIF, with technique depen- 
dent on fracture pattern stability. Although excision of up 
to 50% of olecranon has been described (6), this should only 
be used in very low-demand patients and not in the athletic 
population. 


Coronoid Fractures 


These fractures are caused by humeral hyperextension and 
are associated with dislocation of elbow 10%—33% of time. 
Coronoid-trochlear articulation provides up to 50% of 
elbow stability (6). 

Treatment depends on fracture stability pattern, which is 
defined by amount of coronoid involved in fracture. Greater 
than 50% involvement requires ORIF, whereas less than 50% 
fracture may be treated nonoperatively if it is stable. 

As with most elbow fractures, the basic treatment plan is to 
obtain stability so as to allow early motion. 





OSTEOCHONDRITIS DISSECANS 





Osteochondritis dissecans (OCD) of the capitellum occurs 
in adolescent and young adult athletes who are involved in 
repetitive upper extremity exercises. 

Throwers, gymnasts, and weightlifters are particularly sus- 
ceptible. 

Etiology involves microtrauma, but exact cause is uncertain. 
AP and lateral radiographs are usually sufficient for diagno- 
sis, but MRI or CT may be helpful to further delineate extent 
of lesion. There may be a localized area in capitellum without 
rarefaction and crater formation (1). 

Osteochondrosis of the capitellum or Panner disease occurs 
in children age 4-8 years and involves the entire ossific nucle- 
us. It is self-limiting with conservative treatment (7). 


OCD of the capitellum occurs in individuals age 10 years 
old or greater and involves a portion of the capitellum. It is 
believed to be due to valgus high-stress forces cause during 
the acceleration phase of throwing, when the capitellum 
becomes loaded. Symptoms include poorly defined lateral 
elbow pain, with later stages of disease showing catching 
and locking. Laxity of the MCL may be present. Permanent 
deformity may result. Patients should be strictly restricted 
from throwing for 8—12 weeks or until full, pain-free mo- 
tion is restored for nondisplaced lesion with intact articular 
cartilage (7). 
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Æ Indications for surgery include partially or completely de- 


tached fragment. Treatment options are dependent on le- 
sion type and chronicity and include removal, reattachment, 
bone grafting, drilling, and debridement. Operative tech- 
niques continue to evolve (7). 
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4 Elbow Tendinosis 








INTRODUCTION 





E Elbow tendinosis is a result of tendon overuse and a failure of 
tendon healing. 

E Elbow tendinosis can affect the elbow laterally (extensor carpi 
radialis brevis [ECRB], extensor digitorum communis), me- 
dially (pronator teres, flexor carpi radialis), or posteriorly 
(triceps) (6). 


SYMPTOMS/SIGNS 





E Initial symptoms are activity-related pain followed by pain at 
rest as the condition becomes more chronic. 


E Repetitive activities, such as golf, tennis, and typing, are often 
the inciting activities for this condition. 

E Some loss of extension is common in medial elbow tendino- 
sis, but often the patients maintain full range of motion. 

E Tenderness over lateral or medial tendon origins or posterior 
insertion of triceps. 


E Pain with provocative procedures (resisted wrist/finger exten- 
sion for lateral tendinosis, wrist flexion/pronation for medial 
tendinosis, and elbow extension for posterior tendinosis). 

E Because medial and lateral affected tendon units cross the 
elbow joint, pain is more severe with provocative testing with 
the elbow in extension. Therefore, pain with provocative test- 
ing with the elbow flexed indicates more severe involvement. 


E Functional strength loss is common. 





HISTOPATHOLOGY 





H Histology of surgically resected tissue fails to reveal inflammatory 
cells. Thus, the term “tendinosis” is preferable to “tendonitis.” 

E The epicondyle (bone) itself is not affected in the disease 
process. Therefore, epicondylitis is a misnomer. However, 
a bony exostosis may be noted as a companion problem in 
20% of lateral elbow tendinosis cases. 

E Pathologic tendinosis shows disruption of normal col- 
lagen matrix by the characteristic invasion of fibroblasts 
and vascular granulation tissue termed “angiofibroblastic 
proliferation” (8). 
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DIFFERENTIAL DIAGNOSIS/ 
ASSOCIATED LESIONS 





E Lateral tendinosis can be confused with the rare entity of 
posterior interosseous nerve (PIN) entrapment, which 
would have diffuse pain along the radial nerve in the exten- 
sor mass of the proximal forearm, painful resisted supina- 
tion, and electromyography (EMG) changes of distal muscle 
groups (5). 

E Lateral tendinosis can be seen in combination or association 
with intra-articular abnormalities, such as synovitis, plica, 
chondromalacia, and osteochondritis dissecans (OCD). 

BH Medial elbow—associated abnormalities may include degener- 
ation/rupture of medial collateral ligament, entrapment of the 
ulnar nerve, and congenital subluxation of the ulnar nerve. 

E Posterior elbow—associated abnormalities may include extra- 
articular olecranon bursitis and intra-articular olecranon 
fossa issues (synovitis, chondromalacia, and loose fragments). 

E The mesenchymal syndrome, coined by Nirschl, has been 
used to describe a subset of patients with apparent decreased 
tissue durability who present with multiple affected areas 
that are often bilateral, including rotator cuffs, medial and 
lateral elbow tendinosis, carpal tunnel syndrome, trigger 
finger, de Quervain disease, plantar fasciosis, Achilles inser- 
tional tendinosis, and hip trochanteric bursitis (6). 





TREATMENT CONCEPTS 





E Anti-inflammatory medications can be helpful in con- 
trolling pain and can be a first-line therapy, allowing 
patients to comfortably proceed with curative rehabilita- 
tive exercises. 

E Promotion of a tendon healing response (neovascularization 
and fibroblastic infiltration with collagen deposition and 
maturation) can be accomplished by 


E Rehabilitative exercise 
E High-voltage electrical stimulation 


E General conditioning/aerobic conditioning, which pro- 
vides increased regional blood perfusion and minimization 
of loss of strength of adjacent tissue 


E Rest from inciting trauma 


Eccentric exercises have been shown to be useful in the reha- 

bilitative exercise program with either medial or lateral dis- 

ease. Eccentric exercises for other tendinopathies have been 

effective as well and should be included in the first course of 

treatment for tendinopathy around the elbow (14). 

Cortisone injections, when done correctly under the origin 

of the ECRB or flexor-pronator mass, can also be effective 

in relieving pain. However, cortisone injections have risks, 

including fat atrophy, skin pigmentation changes, and infec- 

tion, especially if injected superficially. 

Autologous blood injection (ABI) and platelet-rich plasma 

(PRP) have been increasingly used and studied over the past 

10 years (1,2,11,13). Using ABI and PRP has been shown to 

demonstrate effectiveness in several studies, with PRP having 

better results than ABI in one study (1,13). 

Physical modalities such as high-voltage electrical stimula- 

tion, ultrasound, heat/cold, and dexamethasone iontophore- 

sis (9) also are useful in relieving pain. 

Control of force loads 

E Counterforce strap bracing to constrain key muscle 
groups while maintaining muscle balance 

E Improved sports technique, such as improved backhand 
stroke in tennis (lateral tendinosis) and less trailing arm 
activity in the golf swing (medial tendinosis) 

E Equipment changes in sports, such as low string tension 
on tennis racquets and perimeter weighting in golf clubs 





INDICATIONS FOR SURGERY 





Chronic symptoms usually of at least 6 months and often 
exceeding 1 year in duration 


Failure of response to a good-quality rehabilitation program 
Failed permanent response to cortisone injections (up to 3) 


Unacceptable quality of life as determined by the patient 





SURGICAL PRINCIPLES 





Historically, elbow tendinosis was treated by the total release of 
the origin of the combined tendon groups from the epicondyle 


Currently, surgical treatment is directed at resecting only the 
pathologic tissue and protecting all normal tissues and at- 
tachments, followed by quality postoperative rehabilitation. 

Surgical goals can be accomplished through a small incision 
(=3 cm). 

Associated lesions, when present, such as OCD, loose bodies, 
and synovitis, can be addressed with a mini-arthrotomy at 
the time of the tendinosis resection (3). 

Arthroscopic treatment of lateral elbow tendinosis has 


been shown to be very effective, with satisfactory results 
of over 90% in several studies (4,10,12). For skilled elbow 
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arthroscopists, this is an effective treatment; although the 
mini-open technique is recommended for most surgeons. 
Ulnar nerve entrapment is associated with medial elbow ten- 
dinosis and should be evaluated by exam and possible nerve 
conduction study (5). 





TREATMENT RESULTS 


The vast majority of patients with elbow tendinosis respond 
to nonoperative intervention. 

Of those that do require surgery, up to 97% will experience 
significant or total pain relief and return of strength with 
minimal complications (4,7,12). 
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INTRODUCTION 





E Injuries to the wrist and hand are common in sports. In 


the past, these injuries were frequently designated as 
sprains. More recently, however, the “waste basket” terms 
wrist sprain and jammed finger have given way to a specific 
diagnosis and a defined treatment plan. An understand- 
ing of wrist and hand anatomy, biomechanics, and func- 
tion allows the physician to pinpoint specific pathology 
and treatment, thus allowing quicker return to sport for 
the athlete with a wrist or hand injury. Missed or misdiag- 
nosed injuries can result in permanent deformity and loss 
of function. Radiographs are indicated in nearly all cases to 
evaluate for fracture or dislocation and to evaluate for joint 
incongruity or avulsion fracture in cases of joint or tendon 
injury. 





EPIDEMIOLOGY 


E The incidence of injuries to the wrist varies according 


to sport. Hand and wrist injuries occur more frequently 
in younger athletes than adults. A study performed at 
the Cleveland clinic found that 9% of all athletic partici- 
pants under the age of 16 sustained injuries involving the 
wrist (4). In another study, 35% of all injuries in adolescent 
football players involved the wrist (42). Ligamentous laxity 
is often seen in athletes. This joint hypermobility can lead 
to partial or complete ligament tears following a loading of 
the wrist or may predispose to cumulative injury after re- 
petitive stress (48). Overuse syndromes of the wrist are also 
common in athletes as a result of tension failure or shear 
stresses (35). 





DORSAL WRIST SYNDROMES 





E Chronic wrist pain on the dorsal aspect of the wrist can 


be a result of occult dorsal ganglion or dorsal impaction/ 
dorsal impingement syndromes. Ganglions account for 
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Soft Tissue Injuries of the Wrist 


the most frequent soft tissue tumors of the wrist. Of these, 
60%-70% originate from the dorsal scapholunate liga- 
ment and are extraarticular manifestations of a connec- 
tion to the scapholunate joint. A history of wrist trauma 
is found in 15% of patients with a dorsal ganglion (2). 
An occult dorsal ganglion is difficult to detect on clini- 
cal examination and may only be palpable with extreme 
flexion (2). Symptoms are generally inversely related to 
the size of the ganglion, as smaller, tense ganglions pro- 
duce more pain than larger, soft cysts. Patients often com- 
plain of localized tenderness, limitation of motion, and/ 
or weakness of grip. Ultrasound or magnetic resonance 
imaging (MRI) can be more useful than plain radio- 
graphs. Often, the diagnosis is made by exclusion. Initial 
treatment should include aspiration followed by steroid 
injection of the dorsal capsule followed by immobilization 
(44). When conservative treatment has failed to relieve the 
symptoms, excision of the capsule and ganglion from the 
scapholunate ligament is performed. Results are generally 
favorable, with ultimate full return to competition in the 
majority of cases. 

Dorsal impaction syndromes occur as a result of repetitive 
loading of the wrist in maximum extension and happen 
most frequently to gymnasts. The shear forces created by this 
action may lead to localized synovitis or even osteocartilagi- 
nous fractures (26). The athlete will often complain of pain 
and point tenderness on the middorsal aspect of the wrist, 
at the projection of the lunocapitate joint (14). Progression 
of the problem may lead to radiographic changes including 
a hypertrophic ridge of the dorsal rim of the scaphoid or 
the dorsal border of the lunate as a result of impingement 
with the capitate during hyperextension. Successful treat- 
ment usually results from restriction of wrist hyperexten- 
sion, strengthening of the wrist flexors, and local steroid 
injection. Failure of relief of symptoms should be followed 
by immobilization and cessation from sport for 4—6 weeks. 
If symptoms should continue to persist, either abandon- 
ment of the activity or surgical treatment consists of limited 
synovectomy and cheilectomy of hypertrophic margins that 
impinge during hyperextension. Return to sport may not be 
possible in all cases, but relief of pain generally occurs fol- 
lowing treatment. 
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CARPAL INSTABILITY Lunotriquetral Instability 





E Injuries to the lunotriquetral ligaments may range from 


E Carpal instability can be seen in any athlete in a contact sprain to partial tear to complete tear with or without car- 


sport following a collision injury but may also be a result 
of chronic repetitive loading in noncontact sports. Carpal 
instability can be seen as a spectrum of injuries ranging in 
symptoms and functional deficit. Initial injury may present 
as something as innocuous as an occult dorsal or intracap- 
sular ganglion (mentioned earlier) and progress to dynamic 
instability, then static instability, and ultimately to scapholu- 
nate advanced collapse (SLAC) (24). The dynamic instability 
is not apparent on routine radiographs but is reproduced by 
manipulation and seen on stress radiographs in pronated 
clenched fist views (8). Static instability can be seen on rou- 
tine radiograph as abnormal carpal alignment (47). Carpal 
collapse is seen following complete disruption initially of 
ligaments between the scaphoid and lunate, progressing to 
disruption between the lunate and triquetrum and finally 
to the midcarpal joints. Carpal ligamentous injuries are 
common in athletes and require physicians, trainers, and 
therapists who treat and diagnose these injuries to have 
an understanding of the carpal anatomy and potential for 
progression to instability (45). 


Scapholunate Dissociation 


E Scapholunate instability occurs as the ligamentous support 


of the proximal pole of the scaphoid is disrupted and the 
scaphoid rotates into palmar flexion. The carpal instability 
associated with this injury is a dorsal intercalated segmental 
instability (DISI) deformity. This can be reproduced clini- 
cally during physical examination by performing the Watson 
maneuver (49). Radiographically, this is shown by widening 
of the scapholunate interval (compared to the uninjured 
wrist), an increase in the scapholunate angle (> 70 degrees; 
normal, 30—60 degrees), and a cortical ring sign in which the 
distal pole of the perpendicular scaphoid is seen end-on on 
the anteroposterior view of the wrist. 


Successful treatment may consist of closed reduction and 
percutaneous pinning if initiated within the first 3—4 weeks 
after injury. This may also be performed under arthroscop- 
ic guidance. In most cases, open reduction, ligamentous 
repair, and internal fixation with Kirschner wires is the 
most reliable treatment in the management of scapholu- 
nate ligament injuries in athletes. For chronic scapholunate 
dissociation without advanced arthritic changes, a dorsal 
capsulodesis and ligament reconstruction as described by 
Blatt (5), a Brunelli procedure using flexor carpi radialis 
(FCR) tunneled through the distal pole of the scaphoid 
(7), or when ligament reconstruction is not possible, a 
scaphotrapezial-trapezoidal fusion as described by Watson 
and Hempton (50) may be performed. Postoperatively, the 
wrist is immobilized in slight palmar flexion and prona- 
tion. Return to contact sports is limited after treatment for 
carpal instability. 


pal malalignment. The carpal instability associated with this 
injury is a volar intercalated segmental instability (VISI) 
deformity. This complete injury occurs rarely in athletes. 
Symptoms consist of pain on the dorso-ulnar side of the 
carpus with a positive lunotriquetral ballottement test as 
described by Reagan et al. (37). Injection of local anesthetic 
to the lunotriquetral joint usually relieves symptoms and 
restores grip strength. Routine radiographic evaluation is 
able to detect static instability as evident by volar flexion of 
the lunate in neutral deviation. Midcarpal arthrography and 
MRI may demonstrate incomplete or complete tears of the 
lunotriquetral ligaments, or radiocarpal arthrography may 
detect a simultaneous injury to the triangular fibrocartilage, 
particularly in an ulna-positive patient. Ulnar variance has 
been shown to be associated with the location of injury. 
An ulnar minus variance is related to radial axis injury, 
whereas an ulnar neutral or plus variance has been linked to 
ulnar axis injury. 

Treatment of acute or untreated chronic injuries with no 
evidence of a tear consists of injection of a corticosteroid 
preparation followed by immobilization. Surgical treatment 
is considered when disabling pain continues and cessation 
from sport is not an alternative and consists of lunotriquetral 
ligament repair when possible. Arthroscopy may be valuable 
in staging and determining treatment and may be used to 
assist in reduction and pinning in both acute and chronic 
ligament tears without advanced collapse (52). In patients 
with an ulna plus variance, ulna shortening is the treatment 
of choice. Lunotriquetral arthrodesis has been performed 
but without uniform success (48) and is rarely performed in 
athletes (52). 





ULNAR TRANSLOCATION 





E Ulnar translocation is an extremely rare injury in athletes 


that is usually a result of a severe violent impact, such as in 
motor sports. In order for complete translocation to occur, 
complete disruption of both the volar and dorsal radio- 
carpal ligaments must take place. As a result, the carpus is 
allowed to slide along the incline of the radius in the ulnar 
direction. Physical examination includes severe swelling, 
loss of motion, and deformity. Radiographic evaluation will 
demonstrate translation of the carpus, rotation of the proxi- 
mal carpal row into palmar flexion, and scapholunate diasta- 
sis due to ulnar displacement of the lunate. 


There is no role for nonoperative treatment in this injury. Sur- 
gical exploration reveals extensive capsular tears, frequently 
including the scapholunate ligament. Taleisnik (47) believes 
that capsular reattachment commonly results in recurrence, 
and if stability is achieved, it is usually at the expense of loss 
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of motion. As a result, he recommends radiolunate arthrod- 
esis to maintain reduction that results in a stable, pain-free 
wrist with satisfactory preservation of motion. This may al- 
low an athlete to return to strenuous activity when full range 
of motion is not mandatory. 





TRIANGULAR FIBROCARTILAGE 
COMPLEX INJURY 


E The triangular fibrocartilage complex (TFCC) is made up of 
the triangular fibrocartilage (TFC), a cartilaginous disc that 
lies on the ulnar head and several supporting ligaments and 
acts as a stabilizer of the distal radioulnar joint (DRUJ). Injury 
to this structure may result in 2 forms, perforation of the disc 
(traumatic or degenerative) or avulsion (traumatic) of the 
disc with or without avulsion of the supporting ligaments. 
Avulsion of the TFCC occurs following acute dislocation or 
subluxation of the distal ulna relative to the radius. Degen- 
erative tears usually occur after the third decade (29). Ulnar 
variance may play a role in degenerative changes of the TFC. 
Palmer et al. (32) found the center of the TFC to be thinner 
in ulna plus wrists. Lunotriquetral tears may occur following 
degenerative perforation of the TFC leading to carpal insta- 
bility. Young athletes with ulna plus variants, who participate 
in repetitive loading of the wrist, may be susceptible to degen- 
erative changes of the TFC similar to older patients (14). 

E Patients with injury to the TFC frequently complain of 
ulnar-sided wrist pain exacerbated by forearm rotation. It is 
important to discern injury to TFC from injury to the DRUJ. 
Injury to the TFC is suspected when tenderness and crepi- 
tus are palpated between the ulna and triquetrum. Relief 
of pain during manual stabilization of the DRUJ during 
forearm rotation may be an indicator of DRUJ instability. 
Diagnostic evaluation may include plain radiographs, MRI, 
arthrography, and/or arthroscopy. Demonstration of ulna 
plus variance on plain radiographs adds to suspicion of TFC 
injury, and ulnolunate impaction “kissing” lesions are com- 
mon. Arthrography may exhibit a communication between 
the radiocarpal and distal radioulnar joints. MRI and ar- 
throscopy have been helpful in determining the size and 
location of lesion of the TFC. 

E Treatment of acute injury of the TFC includes immobili- 
zation of the wrist in neutral rotation for up to 4-6 weeks. 
Gradual progression of activities may then begin with the 
use of supportive splinting. An injection into the ulnocarpal 
space with steroid may also be helpful and diagnostic 
prior to immobilization. If the athlete is unable to return 
to sport and symptoms persist, then surgical debridement 
of the perforation and/or repair of the TFCC should be 
performed (28). Decompression can be obtained through 
ulnar shortening (25), DRUJ excisional hemiarthroplasty (6), 
or the Kapandji procedure (12). If a peripheral tear is found 
in the outer 15%-20% of the TFC, a repair may be consid- 
ered in conjunction with ulnar recession as needed (48). For 


patients with ulna plus variance and a degenerative tear of 
the TFC, ulnar shortening is the treatment of choice, whereas 
excision of the TFC and the Darrach procedure should be 
avoided. For patients with ulna minus variant, debridement 
of the TFC defect may relieve pain and will not increase load 
transmission providing only the central third is removed. 
For acute avulsions causing DRUJ instability, above elbow 
immobilization with the DRUJ reduced usually is successful. 
If instability persists, reattachment of the TFC is performed, 
usually at the fovea of the ulnar styloid using suture and drill 
holes (16). 





FINGERTIP INJURIES 





Subungual Hematoma 


Many crush injuries to the fingertips will damage the nail 
and underlying matrix, causing blood beneath the nail and 
throbbing pain. These injuries may also be associated with 
tuft fractures of the distal phalanx, which are typically open 
fractures because they communicate through the nail matrix 
disruption (18). 

Hematoma involving less than 50% of the nail matrix may 
be drained using a heated paperclip, an 18-gauge needle, or 
a battery-operated cautery to create one or multiple holes in 
the nail. An anesthetic digital block may be necessary prior 
to drainage. Soaking the finger in sterile water with peroxide 
will facilitate drainage. A sterile dressing should then be ap- 
plied, with a Stack splint in cases involving fracture (9,18). 
Hematoma involving more than 50% of the underlying nail 
bed is presumed to be associated with an open fracture. Ra- 
diographs, surgical removal of the nail, thorough irrigation 
and debridement of the wound, repair of the nail matrix, and 
replacement of the nail with splinting are recommended (9). 


Nail Avulsion 


If nail avulsion occurs without damage to the underlying 
sterile matrix, the wound should be thoroughly cleansed and 
dressed with a nonadherent dressing. If the proximal portion 
of the nail has also been avulsed from the nail fold and ger- 
minal matrix, the patient’s cleansed nail or a piece of sterile 
gauze or foil should be slid under the eponychial fold to pre- 
vent adherence (9). 


If any part of the sterile or germinal matrix has been torn 
or lacerated, removal of any remaining nail fragments and 
repair of the nail bed injury are mandatory. Again, the 
eponychial fold should be splinted open (9). 


Fingerpad Injuries 


Simple lacerations may be cleansed and sutured using non- 
absorbable monofilament in adults or absorbable suture in 
children. Grossly contaminated wounds may be cleansed and 
left open. 


CHAPTER 55 


E Partial amputations with soft tissue loss measuring less than 
1 cm (2) will heal by secondary intention and may be treated 
with cleansing and serial dressing changes. Even larger 
defects will heal well in children. Larger wounds involving 
exposed bone or tendon, nail bed injury, or more proximal 
amputation should be emergently treated by a hand surgeon 
(9,18). 





JOINT INJURIES OF THE FINGERS 





E Dislocations are usually clinically apparent; are characterized 
by pain, limited movement, and digit deformity and should 
be radiographed prior to reduction to assess for associated 
fracture if there is any crepitus, bony point tenderness, or 
open injury. 

Æ Other dislocations can be reduced and splinted, and a post- 
reduction radiograph obtained. Any irreducible disloca- 
tion or dislocation associated with an open wound requires 
emergent referral (34). 

E Local or regional anesthesia may be necessary to obtain 
adequate pain relief and relaxation for reduction. Digital 
blocks are placed by injecting the ulnar and radial webspaces 
of a digit, anesthetizing the dorsal and volar digital nerves. 
The local anesthetic should not contain epinephrine, which 
could cause digital ischemia. 


Distal Interphalangeal Joint 


E Distal interphalangeal (DIP) joint dislocations are uncom- 
mon, almost always dorsal, and often open. These injuries 
are frequently associated with tendon disruption (see sec- 
tions on mallet and jersey finger). 

E If there is no open wound or tendon rupture and closed 
reduction is possible, extension splinting for 2-3 weeks is 
recommended. 


Proximal Interphalangeal Joint 


Œ Proximal interphalangeal (PIP) joint injuries are the most 
common joint injuries in sports, primarily occurring in 
athletes who participate in contact sports and ball handling 
(30,40). 





DORSAL DISLOCATIONS 





E These injuries are frequently seen in football and basket- 
ball. Dorsal dislocations are most common and result from 
hyperextension with axial load. This causes distal volar plate 
rupture with or without bony avulsion. A true lateral x-ray 
should be obtained to rule out a fracture (40). 

ŒE Reduction is usually uncomplicated. Dynamic and static sta- 
bility should be assessed after reduction, including collateral 
ligament stability (19). 
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E If there is no associated fracture or ligament injury, splinting 
in 30 degrees of flexion for 1-2 weeks, followed by buddy 
taping for sports for 4—6 weeks, is effective. Recurrent dislo- 
cation is rare. Swelling and tenderness can persist for several 
months. Motion exercises as soon as comfort permits can 
help to prevent stiffness (40). 





VOLAR DISLOCATIONS 





E Volar dislocations of the PIP joint are less common injuries, 
are more difficult to reduce, and are associated with more 
complications than dorsal dislocations. They are caused by 
compression and rotation with PIP joint flexion. Pathology 
usually includes extensor tendon central slip avulsion, volar 
plate disruption, and collateral ligament tears (19,40). 

E If closed reduction is successful, the PIP joint should be 
splinted in full extension for 3—4 weeks to protect the cen- 
tral slip, allowing the DIP joint to remain free, followed by 
night splinting for an additional 3—4 weeks. If closed re- 
duction is not possible, open reduction and pinning are 
necessary (40). 

E Late development of boutonnière deformity is a potential 
complication. 





ROTARY PROXIMAL INTERPHALANGEAL 
JOINT SUBLUXATION 





Æ This injury typically presents as an irreducible dislocation of 
the PIP joint. It involves buttonholing of 1 condyle of the 
proximal phalanx through a longitudinal rent in the exten- 
sor hood between the central slip and lateral band. A lateral 
profile of the proximal phalanx with an oblique profile of the 
middle phalanx is seen on lateral radiograph (19). 

E Ifclosed reduction is successful, buddy taping with full active 
range of motion is usually sufficient. Open reduction is often 
necessary to disengage the proximal phalanx condyle from 
the central slip and lateral band. 





COLLATERAL LIGAMENT INJURIES 





E Collateral ligament injuries occur as a result of radial or 
ulnar stress on the joint, most commonly in football, wres- 
tling, and basketball. Disruption usually occurs at the proxi- 
mal attachment, with radial collateral injury more common 
than ulnar collateral injury. The most commonly involved 
digit is the index finger (40). 

E ‘Tenderness and ecchymosis are usually present on examina- 
tion. Radiographs should be obtained to rule out fracture. 
Examination and radiographs should be used to assess 
stability. 
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EŒ Most collateral ligament injuries are treated with buddy 
taping to an adjacent finger, with continued participation 
in athletic activity. If the tear is associated with significant 
instability, the digit should be immobilized in a dorsal splint 
for 3—4 weeks (40). 


Metacarpophalangeal Joint 


E Metacarpophalangeal (MCP) dislocations are relatively rare 
and usually involve dorsal dislocation of the proximal phalanx 
on the metacarpal. Most occur in the index or small finger. 


E Simple dislocations may be reduced by closed reduction, 
and if stable following reduction, then consider buddy tap- 
ing alone and allowing immediate active motion. Complex 
dislocations involve buttonholing of the metacarpal head 
between the flexor tendon and the lumbrical with volar plate 
interposition into the dislocated joint. These usually require 
formal open reduction. 





JOINT INJURIES OF THE THUMB 





Interphalangeal Joint 


E Thumb interphalangeal (IP) dislocations are uncommon 
injuries and are managed similarly to finger DIP dislocations. 


Metacarpophalangeal Joint 


E Dislocations of the thumb MCP joint are usually dorsal dis- 
locations, resulting from hyperextension at the MCP joint 
with volar plate rupture. The metacarpal head may protrude 
through the volar plate, where it becomes buttonholed between 
the flexor pollicis longus and flexor pollicis brevis tendons (19). 

E The volar plate, flexor pollicis longus, or sesamoids may be 
interposed and prevent reduction, but closed reduction is 
usually possible, with splinting recommended for 3—4 weeks 
after reduction. 


Gamekeeper’s Thumb 


E Also known as skier’s thumb in acute injury, this refers to the 
rupture of the ulnar collateral ligament (UCL) of the thumb 
MCP joint. The mechanism of injury involves a fall on an 
outstretched thumb with hyperabduction at the MCP joint. 
Patients present with tenderness and swelling over the ul- 
nar aspect of the thumb MCP joint with instability of the 
UCL on radial stress. Instability should be assessed with the 
MCP in 30 degrees of flexion and at full extension. This can 
also be documented and quantified on stress radiographs 
(1,23,30,38). 

E The injury may be associated with the Stener lesion, in 
which the torn end of the UCL is displaced superficially to 
the aponeurosis of the adductor pollicis, preventing primary 
healing. Gross instability or a palpable lump suggests a Stener 
lesion, which can sometimes also be directly visualized with 
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ultrasound or MRI. This lesion may be present in up to 70% 
of cases (19,30). 

E Many injuries will do well with immobilization for 4 weeks 
in a thumb spica cast, followed by 2—4 months of protected 
splinting during athletic competition. 

E Surgical intervention with reattachment of the UCL is typi- 
cally required for any injury with greater than 30-35 degrees 
of instability in flexion, any instability in extension, a Stener 
lesion, or large bony avulsion (1,19,23,30). 


Radial Collateral Ligament Injury 


E Radial collateral ligament injury may involve proximal or 
distal ligament tears of the ligament. 

E It is much less common than UCL injury but evaluated 
and treated in a similar manner. Injuries may be associated 
with volar subluxation of the joint and may require surgical 
stabilization (19,40). 





TENDON INJURIES 





Mallet Finger 


ŒE This injury is also known as drop finger or baseball finger and 
most commonly occurs in football receivers, baseball players, 
and basketball players. Mallet finger refers to a disruption of 
the extensor mechanism insertion into the distal phalanx, re- 
sulting from forced flexion of an actively extended DIP joint. 
A variably sized piece of bone may be avulsed with tendon 
(23,38,40). 

E The patient will have a passively flexed DIP joint with full 
passive range of motion but inability to actively extend at the 
DIP joint (17). 

E Preferred treatment is continuous extension splinting of the 
DIP joint for at least 6 weeks while allowing PIP motion, then 
up to 4 weeks of nighttime splinting. If there is a large bony 
fragment avulsed, some recommend surgical fixation with 
reduction and pinning. Surgical treatment may be necessary 
for late, chronic cases (3,23,38,40). 


Boutonniére Deformity 


E This injury is also known as a buttonhole deformity and 
involves rupture or avulsion of the extensor mechanism 
central slip at the middle phalanx. The head of the phalanx 
may buttonhole through the defect. The lateral bands then 
contract, causing late extension deformity at the DIP joint 
(usually appearing 1-3 weeks later) (23,40). 

E This injury occurs with unrecognized palmer dislocation of 
the PIP joint, or more commonly, by forced flexion of the 
middle phalanx while the athlete is attempting to extend the 
joint. The patient will present with swelling and pain over 
the dorsal PIP joint, inability to extend the PIP, and possible 
hyperextension at the DIP joint (38). 
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Treatment consists of extension splinting of the PIP for 
6 weeks, allowing DIP motion, followed by gradual PIP mo- 
tion. Chronic cases usually respond to closed treatment as 
well. Cases associated with large bony fragments should be 
surgically addressed (23,38,40). 


Pseudo-boutonniére Deformity 


This injury has a similar clinical appearance to the bouton- 
niére deformity but a distinctly different mechanism and 
treatment. It is caused by a hyperextension injury to the PIP 
joint, disrupting the volar plate and either the radial collateral 
ligament or UCL. Tissue contraction causes later development 
of progressive PIP flexion deformity. Differentiation from a 
boutonniére deformity is possible by absence of tenderness 
over the PIP central slip and equivalent active and passive 
ranges of motion at the PIP joint in this injury (19,23). 
Treatment is difficult and often prolonged, with splinting 
recommended if PIP deformity is less than 45 degrees. Surgi- 
cal intervention with capsular release is often necessary for 
greater deformities (23). 


Extensor Tendon Subluxation and 
Dislocation 


Extensor tendons usually subluxate or dislocate to the ulnar 
side of the MCP joint, usually resulting from a direct blow to 
the digit with forced flexion and ulnar deviation. Radial sub- 
luxation is rare. The middle finger is most commonly affected. 
Patients present with tenderness over the MCP joint, pain with 
resisted extension, inability to fully extend at the joint, and of- 
ten palpable tendon subluxation or dislocation (3,38,40). 
Acute injuries (presenting within 4—6 weeks) may respond 
to extension splinting of the MCP joint. Chronic or recalci- 
trant cases often require surgical reconstruction with release 
of contractures and repair of the extensor hood and sagittal 
bands (23,38). 


Boxer’s Knuckles 


This injury, also known as soft knuckles, is caused by repetitive 
trauma to the dorsal MCP joints, most commonly involving 
the index and long digits. The injury manifests as pain and 
swelling over involved joints, usually improving with rest but 
recurring with resumed training (38). 

The anatomic basis of injury usually involves tears of the 
extensor hood, extensor tendon, or dorsal joint capsule. 
Rest or splinting is of little benefit; exploration with surgical 
repair of injured structures is often required (15,23,38). 


Jersey Finger 


Jersey finger involves an avulsion of the flexor digitorum 
profundus (FDP) tendon from its insertion on the distal 
phalanx, commonly occurring in football and rugby players. 
Greater than 75% of cases involve the ring finger (22,23,40). 
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Injury is caused by forced DIP extension during maximal 
FDP contraction, as in grabbing someone’s jersey while 
attempting to tackle. Clinical findings include the inability 
to actively flex the DIP joint, with normal passive range of 
motion. Radiographs are usually negative unless a bony frag- 
ment is avulsed with the tendon (3,38). 

Injuries are graded and treated according to severity that 
depends on the degree of tendon retraction. In type I inju- 
ries, the tendon retracts into the palm. In type II injuries, 
the tendon retracts to the level of the PIP joint. In type III 
injuries, the tendon retracts only to the A4 pulley. These are 
nearly always associated with a large avulsed bony fragment 
(22,23,38). 

All require surgical intervention, but the greater the degree 
of retraction, the more quickly surgical intervention is re- 
quired. Type I injuries should be addressed within 7—10 days, 
whereas type III injuries are often successfully treated up to 
2-3 months later (23,40). 





VASCULAR INJURY 





Hypothenar Hammer Syndrome 


This syndrome is caused by repetitive impact to the hypo- 
thenar region of the hand, with trauma to the ulnar artery in 
the region of Guyon’s canal resulting in arterial constriction, 
thickening, thrombosis, and possible aneurysm formation. 
It is most commonly seen in judo, karate, and lacrosse (39). 
Symptoms are caused by distal ischemia and include cold 
intolerance, pain in the palm or ulnar digits, and an abnormal 
Allen’s test. Ulnar nerve compression and the corresponding 
symptoms may occur secondary to aneurysm formation. 
Treatment includes rest from inciting activities, increased 
padding of the hypothenar area, vasolytic agents, or surgical 
intervention with excision of the thrombosed segment and 
artery ligation or reconstruction (39). 


Chronic Digital Ischemia 


Chronic compression or microtrauma to the hand and digi- 
tal vasculature may cause distal ischemia. This is occasionally 
seen in baseball pitchers and catchers and handball players. 
Typical symptoms include cold intolerance, pallor, and pain 
in the involved digits (39,46). 

Increased padding during causative activities, use of phar- 
macologic agents, or surgical exploration may be appropriate 
treatments. 


Frostbite 


Ischemic cold injury depends on the duration and severity 
of exposure, as well as the presence of constrictive clothes, 
vasospasm, and wetness. Early symptoms include erythema, 
burning, and itching (the chilblains). The involved part later 
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becomes numb as injury progresses. Vesicles and ulcers may 
also develop (18,31). 

E First-degree frostbite is a superficial injury from which full 
recovery is expected. Second-degree injury involves partial- 
thickness dermal loss. In third-degree injury, full-thickness 
dermal loss occurs, whereas involvement of deeper structures, 
including tendon and bone, indicates fourth-degree injury (18). 

E Treatment involves gradual rewarming of involved digits in 
40-42°C water. Advanced injuries and gangrenous areas will 
require surgical debridement, amputation, or skin grafting (31). 





OVERUSE INJURIES 





E The incidence of wrist and hand problems in athletes is 
extremely high. Wrist syndromes account for the most 
common upper extremity overuse injuries (39). Repetitive 
activities, such as gymnastics, racquet sports, rowing, and 
throwing sports, result in a high number of overuse injuries. 


De Quervain Tenosynovitis 


E Stenosis of the first dorsal compartment abductor pollicis 
long (APL) and extensor pollicis brevis (EPB) is referred as 
de Quervain tenosynovitis. It occurs in athletes who perform 
forceful grasp with repetitive use of the thumb and radial 
ulnar deviation (20). Sports that are more susceptible to 
this injury include racquet sports, golf (particularly the left 
thumb in right-handed golfers) (41), fly-fishing, javelin, and 
discus throwing. Athletes classically complain of pain over the 
radial styloid, particularly with range of motion of the thumb 
and ulnar deviation of the wrist. Generally, there is tenderness 
over the first dorsal compartment along with swelling and 
occasional crepitus or triggering. The Finklestein test is fre- 
quently positive with wrist ulnar deviation while the thumb is 
adducted and is pathognomonic for the diagnosis (39). Initial 
treatment includes anti-inflammatory medication, thumb 
spica splinting, and corticosteroid injection into the first dor- 
sal compartment. Poor response from injection may be due 
to a longitudinal septum, which separates the APL and EPB 
in 20%-30% of cases (10), and may improve with a second 
more dorsal injection. If there is no improvement of symp- 
toms, surgical treatment involves decompression of the first 
dorsal compartment with division of any septum when pres- 
ent. Complications of surgery include persistence of symp- 
toms (possibly due to inadequate release), adhesions, injury 
to the superficial radial nerve, and volar tendon subluxation. 
Most athletes are able to return to full participation following 
surgical decompression in 3—4 weeks. 


Intersection Syndrome 


E Intersection syndrome is pain in the dorsoradial wrist where 
the first dorsal compartment crosses the second dorsal com- 
partment extensor carpi radialis longus (ECRL) and extensor 


carpi radialis brevis (ECRB). It occurs in athletes exposed to 
repetitive wrist motions, such as rowers, racquet sports par- 
ticipants, weightlifters, and canoeists (53). It appears to be 
caused by tenosynovitis of the tendons in the second dorsal 
compartment. Athletes complain of dorsoradial pain and 
tenderness proximal to the wrist and may have swelling or 
crepitus 4—6 cm proximal to Lister’s tubercle (36). Initial 
treatment consists of rest, splinting, anti-inflammatory 
medication, corticosteroid injection, and activity modifi- 
cation and is successful 95% of the time (36). For the rare 
failure of conservative treatment, surgical management 
includes release of the second dorsal compartment, explo- 
ration and debridement of the intersection zone and bursal 
tissue, and release of the fascial sheaths of the tendons in the 
first dorsal compartment (20). Postoperatively, the wrist is 
splinted for 7-10 days followed by a stretching and strength- 
ening program, and return to sport is allowed when the 
patient is symptom free. 


Extensor Carpi Ulnaris Tendinitis/ 
Subluxation 


E Extensor carpi ulnaris (ECU) tendonitis is the second most 


common stenosis tenosynovitis of the hand after de Quervain 
(53). It occurs in athletes involved in repetitive wrist motion, 
such as racquet sports, baseball, golf, and rowing. It may also 
happen after traumatic ECU subluxation with rupture of the 
fibrous sheath overlying the ECU during forced supination, 
flexion, and ulnar deviation of the wrist (similar to that seen 
in a baseball swing) (20). Athletes will typically complain 
of pain and swelling distal to the ulnar head, worsened by 
resisted wrist extension. A painful snap may be elicited as 
subluxation of the ECU occurs with supination and ulnar 
deviation of the wrist. Initial treatment includes rest, splint- 
ing, anti-inflammatory medication, corticosteroid injection, 
and activity modification. Patients who fail to respond to 
nonoperative treatment require surgical decompression of 
the sixth dorsal compartment with radial release of the fibro- 
osseous tunnel and repair of the extensor retinaculum (to 
prevent postoperative subluxation) (13). After surgery, the 
wrist is immobilized in 20 degrees of extension for 3 weeks 
prior to starting activity (39). Patients with acute ECU sub- 
luxation may be treated with long-arm casting with the wrist 
in full pronation and slight dorsiflexion (53). Acute ECU 
subluxation frequently fails to respond to conservative treat- 
ment and often requires stabilization of the ECU with return 
to sport after a minimum of 8—10 weeks. 


Flexor Compartment Tendinopathies 


E Inflammation of the flexor tendons most commonly occurs 


in the FCR and flexor carpi ulnaris (FCU) asa result of repet- 
itive wrist motions, such as occur in golf and racquet sports 
(53). FCR tendonitis usually presents with pain over the volar 
aspect of the wrist, proximal to the wrist crease over the FCR 
tendon. Pain may be elicited with abrupt wrist extension or 
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resisted wrist flexion and radial deviation. Athletes with FCU 
tendonitis may complain of pain and swelling just distal to 
the pisiform. Pain may be exacerbated with passive wrist 
extension or resisted wrist flexion and ulnar deviation. Initial 
treatment of both of these conditions includes rest, anti- 
inflammatory medication, splinting, corticosteroid injec- 
tion, and activity modification. If symptoms persist, surgical 
decompression of the fibro-osseous tunnel containing the 
FCR is performed in the case of FCR tendonitis (11). Surgi- 
cal treatment of FCU tendonitis includes FCU lengthening 
with or without pisiform excision (33). 


Trigger Digits 


Trigger digits involve inflammation of the flexor tendons as 
they pass through the digital flexor pulleys, especially the 
first annular (A1) pulley. Most occur secondary to chronic 
degenerative changes of the involved structures, but direct 
pressure from racquets, baseball bats, or golf clubs can also 
cause acute inflammation of the pulley and tendons (39). 


The injury manifests as pain in the flexor area over the Al 
pulley (metacarpal head) and may also produce catching or 
locking as swollen tendons attempt to pass through pulley. 


A large percentage of trigger digits will respond to steroid 
injection into the tendon sheath and pulley. Surgical release 
of the Al pulley may be either a first-line treatment or 
reserved for cases unresponsive to injection (39). 





PEDIATRIC INJURY 





Gymnast’s Wrist 


The number of athletes competing in competitive gymnastics 
has been steadily increasing. As a result, there has been a rise 
in the frequency of wrist pain in skeletally immature athletes 
(51). Mandelbaum et al. (27) found that 75% of all male and 
50% of all female competitive gymnasts complained of some 
wrist pain. This is most likely due to repetitive axial loading 
across a hyperextended wrist (21). Injuries can result from 
either acute, high-energy trauma or chronic and repetitive 
stress. Physical examination of young gymnasts with wrist 
pain can be challenging due to difficulty in pinpointing the 
location of pain and fear of injury, which would preclude 
competition. Female gymnasts more commonly complain of 
ulnar-sided wrist pain, whereas males had similar frequency 
of radial- and ulnar-sided wrist pain (27). 


Initial radiographic evaluation includes plain x-rays that may 
reveal stress-related changes of the distal radial epiphysis, 
including widening of the growth plate, epiphyseal cystic 
changes with beaking of the distal epiphysis, and metaphy- 
seal irregularity (43). These changes may lead to premature 
physeal closure and ultimately a higher incidence of ulnar 
positive valiance. As a result, following skeletal maturity, 
gymnasts may present with ulnar abutment syndrome or 
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Madelung-like deformity. MRI and technetium bone scan- 
ning may be useful in determining the presence or extent 
of physeal injury and assist in determining return to sports 
participation, especially in the face of normal plain radio- 
graphs (30). 

It is rare that the treatment of wrist pain in a skeletally im- 
mature athlete is other than rest and withdrawal from the 
offending activity. Prevention may be the best form of treat- 
ment by using protective gear, spotters, proper warm-up, 
and preclusion of sudden changes in activity intensity. If a 
physeal injury is suspected or found, the athlete generally 
is withdrawn from activity, treated symptomatically, and 
allowed to return to sport when symptoms have resolved. It 
may also be possible to remove the gymnast from the specific 
event causing symptoms and allow continued competition 
in other events that do not exacerbate symptoms. 
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Wrist and Hand Fractures 


D. Nicole Deal and A. Bobby Chhabra 





EPIDEMIOLOGY 





E Wrist and hand injuries account for 25% of athletic inju- 
ries (3). 

E Gymnasts have the highest level of wrist and hand injuries, 
with up to 43% suffering chronic injuries. In one series, 88% 
of elite male gymnasts complained of wrist pain and 58% 
required nonsteroidal anti-inflammatory drug (NSAID) 
therapy to continue competing (47). 





DISTAL RADIUS FRACTURES 





H Distal radius fractures account for 10% of all bony injuries, 
up to 75% of all fractures to the forearm, and 16% of all frac- 
tures treated in the emergency room (2,41,55). 

E Injury often occurs during running or contact sports 
when the hand is planted on the ground, the wrist hy- 
perextends, and the arm rotates. In addition to a fracture 
of the distal radius, injury to the triangular fibrocartilage 
complex (TFCC) and distal radioulnar joint (DRUJ) can 
result. 

E On physical examination, examine for deformity (classic 
silver fork as described by Colles) (19), swelling, pain, and 
limited range of motion (ROM). Check the DRUJ for ten- 
derness, dislocation, or subluxation, and examine for any 
loss of pronation or supination. 

E Carpal tunnel symptoms may be present in up to 15% of pa- 
tients, but controversy exists concerning acute versus delayed 
(48-72 hours) release (25,30). 

E Clinical symptoms of DRUJ disruption, including pain and 
instability, have been found in 5%—15% of fractures (46). 

E The TFCC is the major stabilizer of the DRUJ. Disrup- 
tion of the TFCC and other carpal ligaments, including the 
scapholunate ligament, has been identified at time of ar- 
throscopy in 45%-70% of cases (29,51). Most TFCC tears 
are in the central or radial portion of the complex and are 
treated with debridement (65). 

E Anatomic reduction of intra-articular distal radius fractures 
is required. Two millimeters of articular step-off increases 
the risk for subsequent degenerative arthritis (43). 








Radiographic Evaluation 


True posteroanterior (PA) and lateral views required. 
Oblique and fossa lateral views, traction views, and magnetic 
resonance imaging (MRI), computed tomography (CT) 
scan, bone scan, and fluoroscopy may provide critical infor- 
mation regarding the nature of the fracture and associated 
injuries when planning for fracture management (7,14,24). 


Management of Distal Radius Fractures 


Most stable fractures can be treated with closed reduc- 
tion and casting, whereas unstable fractures, suggested by 
(a) excessive fracture comminution, (b) fracture displace- 
ment, (c) radial articular surface angulation greater than 
20 degrees, (d) articular surface separation or step-off greater 
than 2 mm, and (e) comminution of both volar and dorsal 
cortices, often require surgical intervention. 

Extra-articular fractures: Stable fracture treatment general- 
ly consists of closed reduction and placement of a well-fitted 
long-arm cast with a good 3-point mold and the forearm in 
neutral or supination to help stabilize the DRUJ and improve 
recovery of supination following fracture healing (52,69). 
Casting should be performed after acute swelling subsides. 
Close radiographic follow-up is required every 1-2 weeks to 
assure that loss of reduction and shortening does not occur. 
Unstable extra-articular fractures may require percutaneous 
pin fixation in conjunction with cast or external fixation for 
support. 

Noncomminuted intra-articular fractures: Barton fractures 
are the result of shear forces across either the volar or dorsal 
lip of the distal radius, resulting in two large fragments that 
extend into the joint (5). Closed reduction is usually obtained 
by reversal of the deformity, but maintenance of reduction 
usually requires surgical stabilization (42). 

Comminuted or complex intra-articular fractures: Highly 
comminuted articular fractures with dorsal comminu- 
tion and subchondral bone defects frequently collapse and 
shorten thus requiring close radiographic observation and 
remanipulation if nonoperative management is chosen. 
Fractures with articular displacement > 2 mm often require 
external or internal fixation. Accuracy of reduction may be 
assessed with either open or arthroscopic visualization of 
the articular surface to ensure anatomic restoration of the 
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surface. Bone grafting may be required to fill bony defects 
especially in the subchondral region (6,29,74). 


Complications 


E Nonunion following distal radius fracture is a rare occur- 
rence, whereas malunion — most commonly shortening 
and loss of volar tilt — is a common complication (20,35). 
Correction of malunion should be undertaken when there is 
persistent pain and loss of the functional wrist arc of motion, 
most commonly loss of flexion and supination. 


Return to Sports 


E Stable fractures treated with splint or cast immobilization 
should be maintained in a reduced position until fracture 
healing is evident (4-8 weeks). The athlete may then begin to 
rehabilitate the wrist using a removable thermoplastic splint 
for the next 4—6 weeks until full pain-free ROM and strength 
have been achieved. Return to sports without protection is 
usually not allowed until 3 months from the time of injury. 
Fractures treated with rigid internal fixation can be pro- 
tected by a thermoplastic splint with early ROM exercises. 
Once radiographic evidence of healing is present, progres- 
sive strengthening exercises may be begun, but full return 
to sport is not permitted before 3 months. Unstable intra- 
articular fractures are often immobilized for 6-12 weeks, and 
full return to sports is discouraged until motion and strength 
have been restored (18,53). 





SCAPHOID FRACTURES 





E Scaphoid fractures are the most common carpal bone frac- 
ture (1 in 100 college football players per year) and often the 
result of apparently minor trauma (75). 

E Fracture mechanism is forced hyperextension with ulnar 
deviation. 

E Extraosseous vascular supply enters the scaphoid at the mid- 
dle and distal poles while the proximal pole relies on retro- 
grade flow. This results in a high rate of avascular necrosis 
and nonunion with proximal pole fractures. 

E Patient presents with pain in the anatomic snuff box. 


E Radiographs include PA, lateral, navicular, and closed fist 
views. 


E Bone scan and MRI are useful in identifying nondisplaced 
fractures. 

E Treatment: Nondisplaced fractures (< 1 mm of displace- 
ment) may be treated nonoperatively with immobilization 
versus open reduction and internal fixation (ORIF) (23,73). 

E Options for immobilization include a long-arm thumb spica 
cast with the wrist in slight palmar flexion and radial deviation 
for 6 weeks followed by short-arm thumb spica cast until heal- 
ing is evident on radiographs, usually within 3 months (31), 
versus short-arm thumb spica versus short-arm casting (73). 


Musculoskeletal Problems in the Athlete 


E If there is no evidence of healing by 3—4 months, then con- 
sider the use of bone grafting or electrical stimulation to en- 
hance healing. 

E Early operative intervention for nondisplaced fractures with 
percutaneous compression screw fixation is controversial 
but may allow the athlete to return earlier to sports and pro- 
vide a lower risk of fracture displacement and rehabilitation 
time (28,44,66). 

E Athletes with snuffbox pain and negative radiographs should 
be immobilized in thumb spica cast and reassessed at 1- to 
2-week intervals until the pain resolves or the diagnosis is 
made radiographically with x-rays or MRI (28). 

E Treatment: Displaced fractures most often requires ORIF to 
restore anatomic alignment and facilitate accurate reduction 
with compression screws. 

ŒE Compression screw fixation techniques have improved and 
permit minimal immobilization of 2-3 weeks followed by 
early restorative therapy and return to activities (37); how- 
ever, with athletes susceptible to reinjury, a 3- to 4-month 
period of healing and rehabilitation may allow a safer return 
to sports (64). 


Return to Sports 


E Athletes may participate in sport with immobilization; 
plastic, synthetic, and silastic casts have been used effectively 
in contact sports (62). 

E Splint protection is continued for strenuous activities for an 
additional 2-3 months following radiographic healing un- 
til strength and motion approach those of the contralateral 
side (49). 





HAMATE FRACTURES 





E Hook or body of the hamate fractures is present in 2%—4% 
of carpal bone fractures (63). 


Hook of the Hamate Fractures 


Injury commonly occurs from direct force of bat, club, or 
racket. 


H Diagnosis is often missed; chronic fractures are associated 
with flexor tendon rupture and ulnar nerve neuropathy. 


E Pain is localized over the hamate in the hypothenar eminence. 


Carpal tunnel view and CT scans aid in diagnosis. 


E Direct repair of the fracture results in high nonunion rates; 
therefore, treatment usually requires removal of the hook 
through the fracture site with early return to sports (9,59). 


Body of the Hamate Fractures 


E Less common than hook fractures; often associated with dis- 
location of fourth and fifth metacarpals (48). 


B® Oblique radiographs of the carpus and CT scans can assist in 
defining the fracture. 


Œ Nondisplaced fractures are treated with cast immobilization 
for 4—6 weeks. 

E Displaced fractures are treated with open reduction, Kirsch- 
ner wire or screw fixation, and immobilization for 4—6 weeks. 


Return to Sports 


Æ Athletes with fractures treated by conservative measures 
may return to sport immediately with protection until pain 
free (49). 

Æ Athletes treated with excision of the hamate hook may 
return to sport as tolerated; they will often have hypothe- 
nar tenderness for several months and will require the use of 
well-padded gloves for return to sport (28). 

Æ Athletes with surgically treated fractures are restricted from 
sport until after healing is evident (4—6 weeks). Participa- 
tion may resume with splint or cast protection until normal 
strength and ROM return (49). 
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PISIFORM FRACTURES 





E Pisiform fractures are rare and usually occur from direct 
blow to the palm and account for 1%-3% of all carpal bone 
fractures (28). 


E Patients tend to have tenderness over the hypothenar region. 


E Fractures are best visualized on 30-degree oblique antero- 
posterior (AP) view or carpal tunnel view. 


E Acute nondisplaced fractures are managed by immobiliza- 
tion in a short-arm cast for 3—6 weeks. 


E Comminuted fractures and symptomatic nonunions are 
managed by excision, with care to preserve the flexor carpi 
ulnaris tendon, with little or no functional impairment (4). 


Return to Sports 


ŒE Athletes return to sports as soon as acute pain subsides with 
taping, padded gloves, or casting as needed (28,49,64). 


E Symptomatic nonunion may be excised after the season (49). 





CAPITATE FRACTURES 





TRIQUETRUM FRACTURES 





E The capitate is centered within the carpus, is well protected 
from injury, and accounts for only 1%-2% of all carpal 
fractures (28). 


E Fractures often occur from either a direct blow to the dor- 
sum of the wrist or from forced dorsiflexion or volar flexion. 
Capitate fractures are often associated with scaphoid frac- 
tures and perilunate dislocations (61). 


H Radiographic assessment is performed with PA and lateral 
views, CT scan, or MRI. 


Œ Nondisplaced fractures are treated with immobilization in 
short-arm cast for 6-8 weeks. 


E Capitate fractures are associated with poor outcomes be- 
cause the fractures are inherently unstable, and delayed 
union, nonunion, and avascular necrosis are common 
complications (61). 

E Displaced fractures (2 mm of displacement) are treated with 
ORIF with Kirschner wires or screw fixation and immobi- 
lized in a short-arm cast for 6 weeks. 


Return to Sports 


Æ Athletes with nonoperative fractures may return to sport im- 
mediately with protective casting (49). Close follow-up must 
be maintained to assure that fracture displacement does not 
occur, obligating operative intervention. 

E Athletes with surgically treated fractures are restricted 
from sport until after healing is evident (4—6 weeks). Par- 
ticipation may resume with splint or cast protection for an 
additional 3 months or until normal strength and ROM 
return (49). 





E Triquetrum fractures are common carpal bone fractures in 
sports accounting for 3%—4% of all carpal bone injuries (15). 


E Fractures commonly consist of avulsion of the dorsal cortex 
following hyperextension injury causing impingement with 
the distal ulna. 

E Treatment of this dorsal marginal fracture consists of immo- 
bilization in short-arm cast for 3—4 weeks (28,64). 

E Isolated fractures through the body of the triquetrum are 
rare injuries and are often associated with scapholunate 
ligamentous disruption, which must be clinically assessed 
(28,38). 


Return to Sports 


E Athletes may return to sport wearing a semirigid cast as soon 
as acute pain resolves or without immobilization when pain 
does not interfere with sporting activity (39,49). 





LUNATE FRACTURES 





E The lunate is enclosed in the radial fossa, and fracture of the 
lunate is a rare entity. 


E Athletes present with pain and swelling over the dorsum of 
the wrist. 


E Lunate fractures occur through either a compressive force 
between the capitate and the distal radius fracturing through 
the body of the lunate or through traction from the liga- 
mentous or capsular structures at the extremes of motion 
resulting in avulsion-type fractures (54). 


Displaced body fractures are managed with ORIF with the 
use of compression screws, Kirschner wires, or a combination 
of both and repair of the capsular structures. Stable internal 
fixation allows early mobilization of the joint (21,64,70). 
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E CT scan is often needed for diagnosis because the bony m 
architecture of the lunate is difficult to visualize on standard 
radiographs. 

E Prompt diagnosis, immobilization, and protection from fur- 
ther injury until union is evident are critical because there | 


is a possible association with fracture nonunion and the 
development of avascular necrosis of the lunate (Kienbéck 
disease) (8). 

Nondisplaced fractures are immobilized in a short-arm cast, 
with the metacarpophalangeal (MCP) joints flexed to reduce 
the compressive forces generated by gripping, for 6 weeks. 
Displaced fractures require ORIF versus percutaneous fixa- 
tion to restore radiocarpal and midcarpal stability as well 
as lunate vascularity, with immobilization continuing until 
fracture healing is evident. 


Return to Sports 


Athletes may return to sport once fracture healing is evident. 
Protective splinting is recommended when athletes return to 
competition (54). 

Close observation for signs of avascular necrosis (dorsal wrist 
pain and swelling) is required following fracture healing so it 
can be caught during the early stages when treatment options 
afford the best opportunity for return to competition (28,64). 





TRAPEZIUM FRACTURES 





Fractures of the trapezium constitute 1%—5% of all carpal 
fractures (12,28). 


Trapezium fractures involve either the longitudinal ridge 
(the attachment site for the transverse carpal ligament) or 
the body. 


Ridge fractures are usually the result of direct trauma such as 
fall on outstretched hand or being struck by a ball. 


Body fractures are more common and result from falling on 
outstretched thumb with resultant splitting of the trapezium 
body and displacement of the thumb carpometacarpal joint 
(the mirror image of the Bennett fracture-dislocation). 


Fractures of the body of the trapezium can often be seen on 
standard AP and lateral views. A pronated PA view can help 
visualize the articular surface and detect any displacement. 
The carpal tunnel view is useful to visualize trapezial ridge 
fractures. A CT scan may be useful in fractures difficult to 
visualize with plain radiographs. 

Nondisplaced fractures of the trapezium are treated with 
immobilization in a thumb spica cast for 4-6 weeks. 
ROM and strengthening are then initiated with continued 
use of a removable thumb spica splint for an additional 
2—4 weeks (54). 

Body fractures are unstable and subject to displacement; 
therefore, close follow-up must be maintained until fracture 
union is evident (28). 


Trapezial ridge fractures with minimal displacement have 
high rates of nonunion, and surgical excision of the frag- 
ment allows for an uncomplicated recovery and early return 
to sport (57). 


Return to Sports 


Patients with nondisplaced fractures treated nonoperatively 
may return to sport with cast or splint immobilization once 
symptoms permit with protection continuing for up to 
12 weeks or until strength and motion return (54). 


Trapezial body fractures treated operatively should be pro- 
tected with cast or splint immobilization until complete 
healing and strength and motion have been restored. 


Patients with trapezial ridge fractures treated with excision 
may return to sport once soft tissue healing occurs; padded 
gloves are often required to minimize wound sensitivity that 
may last for several months (28,64). 





TRAPEZOID FRACTURES 





The trapezoid is in a well-protected position anatomically 
and is the least commonly fractured carpal bone, involved in 
less than 1% of carpal fractures (68). 

Fracture of the trapezoid is the result of high-energy axially 
directed trauma along the index metacarpal. 

Trapezoid fractures are usually visualized on standard AP, 
lateral, and oblique views. 


Treatment usually requires ORIF of the trapezoid with pin- 
ning of the index metacarpal in a reduced position. The 
Kirschner wires can be pulled at approximately 6 weeks, fol- 
lowed by the initiation of hand therapy to restore motion 
and strength (28). 


Return to Sports 


Athletes may return to sport wearing a protective splint 
once the Kirschner wires are removed or when soft tissues 
allow (28). 





METACARPAL FRACTURES 





Metacarpal and phalangeal fractures are the most common 
fractures in the skeletal system, accounting for greater than 
14% of all emergency room visits and greater than 36% of all 
hand fractures (17,56). 

The fractures are often the result of a direct blow or crush- 


type injury to the hand and can occur secondary to a fall 
onto the hand. 


E Metacarpal fractures typically present with apex dorsal an- 
gulation secondary to deforming force of intrinsic muscles. 


E Rotational deformity must be recognized and corrected in 
treating these fractures. 


E Rotational alignment is best visualized with full flexion of 
the fingers. 


E Fractures are best visualized with standard AP, lateral, and 
oblique radiographs of the hand. 


E Classified as transverse, oblique, spiral, and comminuted. 





TRANSVERSE FRACTURES 


E Apex dorsal fracture angulation is secondary to forces 
applied by intrinsic muscles. These forces are neutralized by 
MCP joint flexion. 

E Reduction is indicated for any angulation in the index and 
middle fingers, > 20 degrees for ring finger, and > 30 degrees 
for small finger (17,26,36). 


Treatment 


E Most stable fractures can be treated nonoperatively with cast 
immobilization for 2 weeks, followed by orthoplast splint 
immobilization of the affected digit and its neighbor for an 
additional 2 weeks and buddy taping and initiation of active 
motion at 4 weeks after injury (17). 

E Rotational deformity is not acceptable; rotation is the most 
critical factor in evaluating metacarpal fractures. 

E ‘Treatment options for unstable fractures or fractures that fail 
closed treatment comprise closed reduction and percutane- 
ous pinning, cross pinning to adjacent metacarpal, closed 
reduction and internal fixation, and ORIF (17). 

H Stable fixation requires no protection except for sport, with 
light active use being permitted within 5 days postope- 
ratively (17). 


OBLIQUE AND SPIRAL FRACTURES 





Æ Result of torsional forces to the metacarpal. 


Untreated fractures tend to shorten and rotate. 

E Rotational deformity is unacceptable because 5 degrees of 
malrotation can lead to 1.5—2.0 cm of digital overlap (67). 

E Five millimeters of shortening can be accepted without func- 

tional deficit (11). 


Treatment 


E Isolated, minimally displaced fractures may be treated 
by closed methods similar to the treatment of transverse 
fractures. 


E Fractures that cannot be maintained with closed methods 
require either percutaneous pinning or ORIF. 
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E Interfragmentary lag screw fixation may be used if fracture 
length is twice the bone diameter and provides the most bio- 
mechanically stable construct. For fractures with a shorter 
surface, a lag screw and dorsal neutralization plate can pro- 
vide stable fixation, permitting early return to sport (10). 





COMMINUTED FRACTURES 





E May be associated with soft tissue loss. 


E ‘Treatment often requires ORIF or external fixation to main- 
tain length. 


E May require delayed or primary bone grafting. 





METACARPAL HEAD FRACTURES 





E These are rare fractures that occur from axial loading or 
direct trauma and must be examined closely to assure that 
fractures are not the result of a fight bite. 


E Nondisplaced fractures may be treated nonoperatively with 
initial splint immobilization followed by buddy taping and 
early ROM (58). 

E Displaced fractures require ORIF to restore anatomic align- 
ment and articular congruity with Kirschner wires, screws, 
mini fragment plates, or dynamic traction to allow for early 
motion; if early motion cannot be started, then immobiliza- 
tion in the intrinsic plus position should be maintained until 
motion can be initiated (58). 


E Complications include limited motion and arthritis. 





METACARPAL NECK FRACTURES 





E These fractures most commonly involve the ring or small 
finger (boxer’s fracture). 

E Apex dorsal angulation and volar comminution can make it 
difficult to maintain reduction with cast immobilization. 

E Angular deformity of 40-60 degrees may be accepted at the 
ring and small fingers secondary to the mobility of the fourth 
and fifth carpometacarpal joints. More than 15—20 degrees of 
angulation is unacceptable at the index or long metacarpals 
secondary to the lack of motion at their carpometacarpal 
joints (17,36). Rotational malalignment indicated by scissor- 
ing with finger flexion is unacceptable. 

E Treatment for the majority of fractures comprises closed re- 
duction by the technique described by Jahss (40) and im- 
mobilizing the fracture in a short-arm gutter splint with 
the fingers in the intrinsic plus position. Immobilization is 
continued for 2 weeks, when buddy taping and motion are 
initiated (16). 

Radiographs should be obtained weekly with index and long 
metacarpal fractures to assure that reduction is not lost. 
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E Surgical intervention is indicated for irreducible fractures 
or in fractures where reduction is lost. Operative inter- 
vention may include closed reduction and percutane- 
ous pinning, open reduction, and internal fixation with 
tension band or a laterally applied minicondylar plate 
(17,26). 

E Bouquet pinning with the insertion of multiple small intra- 
medullary Kirschner wires down the metacarpal shaft and 
across the fracture into the metacarpal head can provide sta- 
ble fixation and early return of unrestricted hand function in 
fractures that would otherwise require lengthy immobiliza- 
tion (17,32). 

E The hand is immobilized in a splint for 2 weeks, after which 
motion is initiated with return to sports at preinjury level 
within 6 weeks. 


METACARPAL BASE FRACTURES 





EŒ Metacarpal base fractures are rare fractures. They usually 
have a stable configuration secondary to a set of four strong 
interosseous ligaments. 

E Index and long carpometacarpal joints have limited motion, 
whereas ring and small carpometacarpal joints have 15 and 
30 degrees of mobility, respectively (17). 

E Nondisplaced or minimally displaced fractures are treated in 
a short-arm cast with the MCP joints flexed and the inter- 
phalangeal joints free. 

ŒE Immobilization is often maintained for 6 weeks, followed by 
buddy taping for 2-3 weeks to maintain rotational control 
and allow initiation of motion (58). 

E Displaced fractures often require closed or open reduction 
followed by percutaneous fixation and then by splint immo- 
bilization and the gradual restoration of motion at 6-8 weeks 
after injury (17,26,36,58). 

E Fractures that proceed to malunion may cause weakness of 
grip or pain with evidence of arthritis and may be treated 
with arthrodesis without significantly compromising hand 
function (58). 


Return to Sports after Metacarpal Fractures 


E Most sports-related metacarpal fractures are stable and are 
treated initially with splint or cast immobilization. Return 
to sports with protection may be initiated within 1—2 weeks 
from injury depending on the requirements of the specific 
sport. Protection is usually continued for 8-12 weeks de- 
pending on the demands of the sport (1). 

E Fractures treated with rigid internal fixation may allow the 
athlete earlier return to play than nonoperative treatment. 
Athletes may begin early motion with return to sports with 
immobilization as early as 2 weeks, and by 5—6 weeks, buddy 
taping or a light splint may be all that is required to permit 
sport-specific activities (1,13,32). 





THUMB METACARPAL FRACTURES 





Thumb metacarpal fractures are unique from fractures of 
the other digits secondary to the thumb’s critical role in hand 
function, especially grasp and power pinch. 

More than one-fourth of all metacarpal fractures are to the 
thumb metacarpal base and result from axial loading across 
the partially flexed thumb (27). 

Radiographic imaging requires views specifically of the 
thumb in AP and lateral projections. 

Joint anatomy comprises reciprocal saddle-shaped surfaces 
of the distal trapezium and proximal metacarpal. 
Intra-articular Bennett (partial articular) and Rolando (com- 
plete articular) fractures often have displacement dorsally 
and radially by pull of the abductor pollicis longus (34,45). 
Treatment is directed at minimizing posttraumatic arthritis 
by obtaining anatomic joint reduction. 

If less than 15%-20% of the joint surface is involved, then 
closed reduction and percutaneous pinning are successful (26). 
Immobilization in a short-arm thumb spica cast for 
4-6 weeks is recommended followed by removal of pins and 
initiation of motion (45,58). 

If greater than 25%-30% of the joint surface is involved, 
then open reduction and stable internal fixation with screws 
or pins are indicated (33). 

ROM is initiated at 5—10 days postoperatively (45). 

Severely comminuted intra-articular Rolando fractures often 
require external fixation followed by limited ORIF with bone 
grafting (16). 

Immobilization is continued for a minimum of 6-8 weeks 
followed by the initiation of hand-based therapy to regain 
motion and strength. 

Extra-articular thumb metacarpal fractures usually occur to- 
ward the metacarpal base. 

Treatment often consists of closed reduction and immobili- 
zation in a thumb spica cast for 4—6 weeks followed by initia- 
tion of hand therapy. 

Twenty to 30 degrees of angulation are acceptable because of 
the multiple planes of thumb motion (17). 

Unstable fractures may require operative intervention with 
either closed reduction and percutaneous pinning or inter- 
nal fixation similar to the treatment for other metacarpal 
fractures (17,26). 


Return to Sports 


Athletes may return to sport with immobilization in thumb 
spica splint or cast as symptoms and sport-specific activity 
permit. 

Protection should be maintained until fracture healing is 
evident on radiographs and strength, stability, and motion 
are restored. 


Operative intervention with stable fixation may allow for 
earlier initiation of motion and return to sports (45). 





PHALANGEAL FRACTURES 





Proximal and Middle Phalanx Fractures 


These are very common fractures in athletes participating in 
contact sports or sports requiring catching of a ball. 
Fracture displacement depends on mechanism of injury and 
deforming forces of muscles and tendons on bone. 


Proximal phalanx fractures typically have volar angulation 
with proximal segment flexed by the interossei and the distal 
segment extended by pull of the central slip portion of the 
extensor mechanism (17,36). 


Middle phalanx fractures are deformed by both the central 
slip and by the flexor digitorum superficialis tendon result- 
ing in either volar or dorsal angulation depending on the lo- 
cation of the fracture (17,36). 

Treatment depends on the stability of the fracture, correction 
of rotational deformation, and no greater than 10 degrees of 
angulation in any plane. 


Nondisplaced and stable fractures can be treated with bud- 
dy taping and early ROM (17). Careful clinical and radio- 
graphic follow-up is required to detect subsequent fracture 
displacement. 

Displaced fractures require closed reduction and immobili- 
zation with cast or splint and an outrigger with the affected 
finger held in the intrinsic-plus position including an adja- 
cent digit to help maintain rotational alignment (17). 
Fracture immobilization should be limited to 3 weeks prior 
to initiation of hand-based therapy to facilitate maximal res- 
toration of motion, and protective splinting should be con- 
tinued during sport-specific activities until healing is evident 
(17,60,72). 

Intra-articular, unstable, or rotationally malaligned fractures 
may benefit from open or closed reduction and internal or 
percutaneous fixation to restore anatomic alignment and 
rotational control. 


If rigid fixation is obtained, mobilization to regain ROM and 
edema control should begin within the first week after sur- 
gery, permitting earlier return to sport and a more predict- 
able functional outcome (13,17). 

Protective splinting should be maintained for 4 weeks or un- 
til fracture healing is evident. Simple buddy taping should be 
continued until ROM and strength are restored. 


Distal Phalanx Fractures 


These fractures account for 50% of all hand fractures, espe- 
cially thumb and middle finger fractures (50). 


Fibrous septa from skin minimize fracture displacement. 


Must examine for evidence of nail bed injury. 
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Treatment is dictated by presence of soft tissue injury. 


If a nail bed injury is present, the nail bed must be repaired 
to prevent nail deformity (71). 

Immobilization is restricted to the distal interphalangeal 
joint for a period of 3—4 weeks, after which motion is initi- 
ated (17). 

Tenderness may persist for > 6 months, requiring a program 
of desensitization to allow full return of function (22). 
Mallet finger deformity can occur from loss of continuity of 
extensor mechanism through bony or tendinous disruption. 
Treatment is almost always nonoperative, with continuous 
extension splinting of the distal interphalangeal (DIP) joint 
for at least 6 weeks followed by the removal of the splint 
several times a day for active ROM exercises for an additional 
2 weeks (36,60). 


Return to Sports after Phalangeal Fractures 


Athletes with stable fractures treated nonoperatively may re- 
turn to sports with rigid cast immobilization, thermoplast 
splint protection, or buddy taping (as sport-specific activi- 
ties permit) as soon as symptoms allow, often within the first 
week (1). 

Close follow-up must be maintained to ensure that loss of 
reduction or malrotation does not occur. 


Protection should be maintained until radiographic evi- 
dence of complete healing is evident and functional recovery 
of ROM and strength is complete (60). 

Athletes with surgically treated fractures may return to 
sports with protective splinting or casting once soft tissue 
healing allows. 

Edema control and active motion are typically initiated at 
2 weeks, and by 4 weeks, 75% of motion should have been re- 
gained and strengthening can be initiated. Protective splint- 
ing should be maintained for sport-specific activities until 
healing is evident (1,17,32). Buddy taping should be main- 
tained until strength and motion have been regained. 
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GENERAL PRINCIPLES OF UPPER 
EXTREMITY NERVE ENTRAPMENT 





Epidemiology 


E The most common nerve entrapment is the carpal tunnel syn- 
drome (CTS). Its occurrence is 3.46 cases per 1,000 person years. 
Female-to-male ratio is about 3.1 (23). The next highest inci- 
dence is entrapment of the ulnar nerve at the elbow. Krivickas 
and Wilbourn (25) studied 180 athletes with sports injuries in the 
electrodiagnostic (EDX) laboratory, of whom 23% had median 
nerve injuries, 22% stingers, 10.5% radial nerve lesions, 10.5% ul- 
nar nerve compression syndromes, 12% axillary nerve problems, 
and 7.8% entrapment of the suprascapular nerve (SSN) only. 


Pathophysiology 


E Nerve entrapment occurs when a nerve passes through a 
tight space, placing it at risk for mechanical compression as 
well as ischemia secondary to pressure on the vasa nervorum. 
Persistent compression results in predictable, progressive de- 
grees of nerve damage, as classified by Seddon: neurapraxia, 
axonotmesis, and neurotmesis (23). 

E Neurapraxia (conduction block) is reversible. Demyelin- 
ation may result. 

E Large myelinated fibers are most vulnerable. Duration 
of compression determines degree of damage (may last 
minutes to months). 

E Axonotmesis specifies axonal damage, with endoneuri- 
um and perineurium intact. Wallerian degeneration en- 
sues. Preservation of endoneurial tubes provide a guide 
for regeneration of axons. Recovery can take months. 

E Neurotmesis represents complete disruption of axons, 
endoneurium, and perineurium. Poor functional out- 
come. Surgery usually indicated. 


Risk Factors 


E Narrowed space in bony and/or muscular tendinous/fibrous 
canals/tunnels. 

E Examples: thoracic outlet, quadrilateral space, Struthers lig- 

ament, anomalous bone spurs, muscles or fibrous bands, 
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cubital tunnel, radial tunnel, carpal tunnel, Guyon canal, ex- 
cessive callous formation after (especially malunited) fracture 

Injury 

E Acute: compression, stretch, percussion 

E Chronic: repetitive motion, excessive pressure from 
equipment 

E Paralysis of cervical/thoracic muscles secondary to 
myelopathy 

Medical conditions: endocrine problems (pregnancy, hypo- 

thyroidism), compartment syndrome, peripheral neuropathy 


Symptoms and Signs 


Pain, paresthesias, and weakness in distribution of affected 
nerve 

Lesions of pure motor nerves (anterior/posterior interosse- 
ous, suprascapular, and long thoracic nerves) cause weakness 
and/or muscle atrophy. 


Evaluation 


Special tests: Tinel’s, Phalen’s, Spurling’s, Adson’s maneuver, 
pectoralis minor and costoclavicular maneuvers, and stress- 
abduction test that may or may not be positive 

Persistent minor pain due to entrapment may cause a region- 
al pain syndrome — reflex sympathetic dystrophy (RSD). 


Electrodiagnosis 


Electromyography (EMG) and nerve conduction studies (NCS) 
are significant factors in establishing the correct diagnosis of 
entrapment syndromes. Typical findings include the following. 
EMG shows decreased recruitment, increase in polypha- 
sic waves, action potential durations and amplitudes, and 
in more severe cases, fibrillations and positive sharp waves. 
Complex repetitive discharges (CRDs) denote chronicity. 
EMG demonstrates the severity of the abnormality, especial- 
ly if there is evidence of denervation, which has considerable 
impact on treatment decisions. 

Conduction delay across the site of compression; reduced 
amplitudes due to blocking or axonal loss (with normal dura- 
tion) or secondary to demyelination (with increased duration) 


Differential Diagnosis 


HB Major diagnoses to be ruled out with EMG and NCS are: 
E Radiculopathy 
E Peripheral neuropathy 
E Plexopathy, including neuralgic amyotrophy (brachial 
plexitis), myopathy, and malingering 





SPECIFIC NERVE ENTRAPMENTS OF THE 
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Radiculopathy 


Œ Major differential diagnosis in all entrapment syndromes. 
However, it also is subject to its own compression and 
entrapment (C7 > C6 > C8). 


Anatomy 

E Entrapment is caused by pressure on a spinal nerve as it exits 
the spine. Primary anterior compression (disc herniation) 
may selectively affect motor fibers. It may spare the dorsal 
ramus, sparing sensation. Posterior compression may selec- 
tively affect sensory fibers. Compression of the nerve root 
can occur from any direction within the intervertebral fora- 
men but most commonly occurs due to posterolateral disc 
herniation or facet degeneration. 


Risk Factors 
Cervical spondylosis 
Cervical disc herniation 


a 

| 

E Facet degeneration 

E Space-occupying lesions 
| 


Prior cervical spine trauma or surgery 


Symptoms and Signs 
E Sensory complaints 
E Weakness and reflex changes in root distribution 


E Provocative maneuvers often positive 


Evaluation 

E Muscle, sensory, and reflex examination 

E Provocative maneuver: Spurling — pressure on laterally and 
posteriorly tilted head reproduces symptoms in the affected 
root distribution 

Differential Diagnosis 

E Peripheral neuropathy 

ŒE Brachial plexitis 

E Entrapment neuropathies 

E Neurologic disease 


Treatment 
E Indications for immediate surgical referral are as follows: 


E Progressive neurologic deficit, bowel or bladder dysfunc- 
tion, and severe pain refractory to other approaches 
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E Surgery usually includes nerve root decompression, dis- 
cectomy if needed, and possible cervical fusion. 


E Conservative treatment 
E Pain medications, nonsteroidal anti-inflammatory drugs 
(NSAIDs) 
E Antispasmodics, antiepileptics, and antidepressants 
E Physical therapy modalities: cervical traction 
E Strengthening exercises, biomechanical mobilization 
E Flexibility 
E Alignment techniques as indicated 


E Transcutaneous electrical nerve stimulation (TENS) and 
biofeedback 


E Epidural steroid injections may help facilitate physical therapy. 


Spinal Accessory Nerve: Cranial Nerve XI 


Anatomy 

E The trapezius, the major muscle supplied by the spinal 
accessory nerve, is a significant scapular stabilizer and 
thereby critical for the maintenance of efficient shoulder 
function (18). 

E It originates on the occipital protuberance, the ligamentum 
nuchae, and spinous processes of C7-T12. The upper por- 
tion inserts at the lateral clavicle and the acromion (upward 
rotation of the scapula), the middle portion inserts in the 
spine of the scapula (retracts the scapula), and the lower por- 
tion inserts in the root of the spine of the scapula (depresses 
and upward rotates the scapula). 

E Nerve supply is through the spinal component of cranial 
nerve (CN) XI. It originates from the anterior horn cells 
of the cervical spinal cord (C1-C5). Fibers enter the skull 
through the foramen magnum. The cranial component of 
the accessory nerve arises from the caudal part of the nucleus 
ambiguous. It is closely related to the vagus nerve (CN X). 
The cranial and spinal components, together with CN X, 
leave the skull through the jugular foramen and then sepa- 
rate again. 

E An important fact of the central connections is that the cor- 
ticobulbar tract from the midbrain eventually terminates in 
the brainstem, where the fibers to the trapezius muscle are 
crossed (therefore, central lesions cause contralateral deficit), 
whereas the corticobulbar fibers to the sternocleidomastoid 
muscle are either uncrossed or, more likely, double decus- 
sate (therefore, lesions are ipsilateral). These deficits help to 
locate the site of a lesion (12). 

E In the neck, the spinal component of the accessory nerve 
passes through the posterior triangle (anterior border: ster- 
nocleidomastoid; posterior: trapezius; and inferior: clavi- 
cle). The roof is the platysma, and the floor is the splenius 
capitis, levator scapulae, and medial and posterior scalenus 
muscles. 

E The triangle is subdivided by the traversing omohyoid. 
The superior space is the occipital triangle and below is the 
supraclavicular triangle. 
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E The contents of the occipital triangle are as follows: 


E Superior trunk of brachial plexus between scalenus anti- 
cus and medius 


E Branches of C5, C6, and C7 


E Dorsal scapular nerve (supplies levator scapulae and 
rhomboids) 


E Long thoracic nerve (innervates serratus anterior) 


E The accessory nerve also passes through this space, after 
giving off a branch to supply the sternocleidomastoid mus- 
cle. It then supplies the trapezius muscle. This location is 
vulnerable for injury and compression. (Also space for nerve 
stimulation and conduction studies.) 


E The contents of the supraclavicular triangle are as follows: 
Middle trunk of brachial plexus 

SSN (supplies the supraspinatus and infraspinatus muscles) 
Nerve to subclavius muscle 

Lower trunk of brachial plexus (C8) 


Subclavian artery 


External jugular vein descends across sternocleidomas- 
toid muscle to drain into subclavian vein. 


Risk Factors 

E Intracranial: head injuries (especially basal skull fracture) 
E Intraspinal cord: posttraumatic syrinx 

E Cervical: 


E Percussion or compression of the accessory nerve in 
the posterior triangle in sports (football, ill-fitting shoul- 
der pads) 


E Blows to the shoulder with a hockey stick 


Backpack straps and shoulder dislocations 


© Mild to moderate (rarely severe) lesions result such as 
stingers/burners and occasionally involve nerve roots (26). 


E Traumatic penetrating neck injuries 


E Atraumatic, iatrogenic lesions, acute or delayed, main- 
ly after radical neck dissections or lymph node biopsies 


E Cannulation of internal jugular vein or after carotid end- 
arterectomies (due to hemorrhages, hematomas, malpo- 
sitioned suction drainage, infection, or scarring) 


E Deep tissue massage 


E Spontaneous accessory nerve lesion (trapezius weak- 
ness) (16) 


E Tumor 


® Must rule out neuropathic or myopathic diseases 


Symptoms and Signs 

EŒ Shoulder syndrome: consists of shoulder drooping, acro- 
mion prominence, limited lateral abduction, and impaired 
forward shoulder flexion 

E Aberrant scapular rotation, abnormal scapulohumeral 
rhythm (8) 

E Abnormal EDX findings 


Significant pain and tenderness over trapezius, exacerbated 
by shoulder movement 

Feeling of heaviness in the affected arm may be present. 
Difficulty with overhead activities, heavy lifting, prolonged 
writing, or driving 

Possible impingement pain secondary to inability to rotate 
scapula, thereby causing the greater tuberosity to abut the 
acromion (3) 

Late onset of pain is mostly due to adhesive capsulitis, a com- 
mon sequela of spinal accessory nerve injury. 


Evaluation 


Test trapezius strength by resistance to lateral abduction of 
the arm from about 100-180 degrees with arm internally 
rotated and hand pronated (18); check endurance. Isola- 
tion of trapezius must be assured since shoulder elevation 
can also be accomplished with the levator scapula and the 
rhomboids. 


Test strength of sternocleidomastoid muscles by resisting 
head turning, opposite to the side of the muscle tested. Also 
test tilting. Resistance to head flexion tests both sternocleido- 
mastoid muscles at the same time. 


Lateral scapular winging is not as pronounced as with a long 
thoracic nerve lesion. The scapula is laterally translocated 
with medial rotation of the inferior angle. Shoulder winging 
caused by trapezius weakness is most pronounced by arm 
abduction, whereas weakness secondary to long thoracic 
nerve lesion is most pronounced by arm flexion (pushing 
upper extremity against a wall). 

EDX testing may be helpful (EMG looking for denervation 
or other neurogenic changes). 


NCS from posterior triangle to trapezius may be abnormal. 


Differential Diagnosis 


Radiculopathy 

Posttraumatic focal shoulder elevation dystonia (9) 
Capsulitis 

Plexus lesions 

Neuralgic amyotrophy 

Motor neuron disease 


Meningitis 


Treatment 


NSAIDs 
TENS 
Shoulder orthosis 


Physical therapy: range of motion (ROM) exercises to pre- 
vent contracture; resistive exercises to restore strength. If not 
successful, surgery may be considered if neurologic deficits 
are present (EMG confirmed). 


E Neurolysis 
E Nerve anastomosis 


E Graft procedures 


Brachial Plexus 


Anatomy 


E The anterior rami (motor) and the posterior rami (sensory) 
of C5—T1 combine to form the brachial plexus. The C5—C6 
roots together become the upper trunk, the C7 alone the 
middle trunk, and C8-T1 the lower trunk. Under and slightly 
below the clavicle, the trunks divide into three anterior and 
3 posterior divisions. The anterior upper and middle divi- 
sions join to become the lateral cord, and the lower division 
forms the medial cord. All divisions participate to develop 
the posterior cord (position under the pectoralis minor). 
The cords divide into the major nerves of the upper extremi- 
ties. (Terminal branches are median, ulnar, radial, axillary, 
and musculocutaneous nerves.) 


Risk Factors 
E Compression, stretch, or a combination of both 
E Direct trauma 


E Excessive pressure on the plexus after prolonged anesthesia, 
post-median sternotomy, coronary bypass surgery, jugular 
vein cannulation 


E Difficult deliveries (Erb palsy) 
E Shoulder dislocation 


Symptoms and Signs 

Œ Pain in shoulder and/or arm or hand 
E Weakness of upper extremity, in one or multiple muscles 

E Numbness, tingling, coldness 

E Sensory loss 

E Horner syndrome (ptosis, apparent enophthalmos, decreased 
sweating in affected side of face, miosis) possible with C8-T1 
lesions such as tumors, radiculopathy (often root avulsion) 
Evaluation 


Test ROM and strength in all muscle groups of the upper 
extremity 


E Sensory examination (pinprick, light touch, temperature, 
and position sense) 


E Reflex testing 
E Nerve conduction tests and EMG 
E Ifnecessary, magnetic resonance imaging (MRI) or sonography 


Differential Diagnosis 
Brachial plexitis 
Rotator cuff lesions 
Tendinitis 

Peripheral neuropathy 
Mononeuropathy 


Lesions secondary to radiation 


Treatment 
E Rest 
E Temporary splinting 
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E Pain medication: NSAIDs; antiseizure medications (phenyt- 
oin, carbamazepine, gabapentin, tricyclic antidepressants) 
may be helpful to reduce stabbing pains 

E ROM exercises 


After reinnervation, strengthening exercises 


E If no significant progress after 6 months (mostly if root avul- 
sion is present), surgery should be considered 


Upper Trunk Plexopathy 


Anatomy 

E The upper trunk is formed from the combination of the C5 
and C6 nerve roots/spinal nerves. From this region, the SSN 
and the nerve to the subclavius arise. The fibers to the mus- 
culocutaneous, axillary, median, and radial nerves pass 
through the upper trunk of the brachial plexus. An impor- 
tant landmark is Erb point. This location is about 2.5 cm 
above the clavicle, posterolateral to the sternocleidomastoid 
about the level of the sixth vertebra. This place is vulner- 
able to injury (compression, entrapment, stretch, or sharp 
disruption) and, in fact, is the area involved in the stinger/ 
burner injury (13). At this point, the C5 and C6 roots, the 
SSN, and fibers of the musculocutaneous and axillary nerves 
can be electrically stimulated simultaneously, which can be 
helpful in correct diagnosis. 

E The mechanisms of injury considered are (28): 
E Nerve root compression in the neural foramina (lack of 

protective epineurium and perineurium at that site) 

E Brachial plexus stretch (traction injury) 
E Direct blow to the plexus (percussion, compression) 


E A combination of stretch and percussion/compression 


Risk Factors 

E Football (highest incidence in defensive backs) 

E Wrestlers 

ŒE Participants in other collision sports (ice hockey, field 
hockey, boxing) 

Shoulder laxity (33) 

Rugby 

Ill-fitting shoulder pads, neck rolls, or other equipment (26) 
Faulty techniques (especially during tackling) 

Carrying heavy loads for a long time including backpacks 
Foraminal stenosis (6,22) 

High-risk child birth (forceps, breech delivery) 


Symptoms and Signs 

E Burning pain and dysesthesia in affected arm on impact last- 
ing seconds to hours, followed by mostly transient weakness 
and no sensory symptoms. At times, there is prolonged loss 
of strength (13). 

E Occasionally, the only objective change may be seen as pos- 
tural abnormality (drooping of the shoulder, especially if the 
accessory nerve is also involved). 
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E Weakness of shoulder muscles, especially supraspinatus and 
infraspinatus, deltoid, biceps 


Evaluation 
E Check for positive Tinel sign at Erb point 
E Spurling test to rule in or out radiculopathy 


E More severe injuries may involve the middle and lower trunk. 
There also may be denervation, which can be identified with 
EMG (earliest 2 weeks after the injury). 


Differential Diagnosis 
Radiculopathy 

Cervical cord neurapraxia (CCN) 
Shoulder dislocation 

Tendinitis 

Neuralgic amyotrophy 


Rotator cuff injury 


Treatment 


E Only treatment is prevention of recurrences (improved tech- 
niques, appropriate shoulder pads, neck rolls, orthoses). 


E In severe lesions, inactivity and slow return to strength and 
flexibility with gradually increasing collision work and im- 
proved tackling techniques are necessary before returning to 
contact sports. 


ŒE Emphasis is placed on postural exercises with cervicotho- 
racic stabilization training and resistive exercises to shoulder 
muscles (when there is no evidence of denervation). 


E The athlete may return to participation in contact sports 
on reestablishment of pain-free motion and full recovery of 
strength and functional status. 


ŒE Contraindication for return to play is two or more episodes 
of transient CCN, cervical myelopathy, evidence of neuro- 
logic deficit, decreased ROM, and/or neck pain (35). 


Lower Trunk Plexopathy 


Anatomy 


E Position between clavicle and first rib. It carries sensory 
and motor fibers of C8—-T1 distribution (median and ulnar 
nerves). The closeness of median motor and ulnar sensory 
fiber at this level has EDX significance. 


E The best known and most debated compression syndrome is 
thoracic outlet syndrome. 


Thoracic Outlet Syndrome 
E Anatomy 
E Thoracic outlet clinically refers to the thoracic inlet, the 
anatomic structure of a bony ring (first thoracic verte- 
bra, first pair of ribs, and the manubrium). The clavicle 
articulates with the manubrium, which represents the 
anterior border of the inlet. Several vital structures pass 
through that opening (brachial plexus, subclavian artery 
and vein). Thoracic outlet syndrome (TOS) is due to the 
impingement of the brachial plexus and/or subclavian 
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artery in the region of the scalenus muscles (anterior and 
medial), the first rib, and the clavicle. The subclavian vein 
lies on top of the scalenus anticus but joins the nerve and 
artery before the tight area between the clavicle and first 
rib. Compression/entrapment can also occur a bit more 
inferior (pectoralis minor syndrome). 

E TOS is frequently caused by hyperextension injuries of 
the neck due to accidents, repetitive motion stress at 
work, and overhead activities like continued reaching 
for high-placed items. Muscles become tight (scar tissue 
has been found throughout the muscles by microscopic 
examination), or ligaments or bands press on the neuro- 
vascular structures, mostly just behind the collar bone. 

E Several TOS are identified by location: 

E Between the anterior and middle scalenus muscles 

E The scalenus anticus syndrome: Nerve entrapment 
between the insertion of the scalenus anticus, the clavicle, 
and the first rib (especially in the presence of a cervical 
rib) (1) 

E Costoclavicular syndrome: Nerve entrapment in the 
narrowed space between clavicle and first rib; prolonged 
downward and backward shoulder pressure as by heavy 
loads on the shoulder; worse with abnormal clavicle or 
malunion or nonunion of clavicle fracture 

E Pectoralis minor syndrome (between chest wall and 
pectoralis minor) 

E Classification by structures involved: 

E Neurogenic thoracic outlet syndrome (NTOS): most 
common; compression of brachial plexus (lower trunk) 

E Venous thoracic outlet syndrome (VTOS) (Paget- 
Schrétter syndrome): obstruction of the subclavian vein; 
presents with arm swelling, pain, and cyanosis, possible 
thrombosis 

E Arterial thoracic outlet syndrome (ATOS): 1% only; 
emboli arising from subclavian artery stenosis or aneu- 
rysm obstruct blood flow and cause ischemia; usually a 
cervical rib or anomalous first rib is present (27) 

E Clinical TOS without objective findings is very com- 
mon. Identification as such depends on the diagnostician. 

E Risk factors 

E Cervical rib (with fibrous bands to the first rib) (36) 

E Slim, asthenic females (with long “swan neck” and droopy 
shoulders) 

E Accessory nerve lesion (weak trapezius muscle causing 
droopy shoulders) 

E Sternotomy (at risk for pectoralis minor syndrome, espe- 
cially those with premorbid impaired shoulder motion) 
Neoplasm (e.g., Pancoast tumor, bulky lymphadenopathy) 
Radiculopathy 
Klippel-Feil anomaly (24) 

Swimmers and other sports using repeated overhead motion 


Scalenus hypertrophy (1) 


Heavy backpack 


E Symptoms and signs 


Vague pain and fatigue (claudication) 
Color change (pallor and/or cyanosis) 
Distended veins of arm and chest wall 
Cool temperature of upper limb 


Paresthesias along the median aspect of the affected hand 
and forearm 


Pain in neck, shoulder, and arm, especially when elevat- 
ing the arm 


Thenar wasting and weakness of the abductor pollicis 
brevis (APB) 


Ulnar hand intrinsics may also be weak and atrophic. 


Confirmatory tests: arteriography, venography, and EMG 


E Evaluation 


Physical examination: Tenderness over scalene muscles, 
sometimes causing tingling radiating into arm; possible 
armpit tenderness (pectoralis minor syndrome); reduced 
sensation to light touch in involved hand; weakness and 
atrophy of APB may be present. 


Electrodiagnosis: NCS 


J Median antebrachial cutaneous response amplitude 
decreased 


1 Median motor response amplitude decreased 





d Ulnar sensory response amplitude decreased 
EMG may show denervation. 

Provocative maneuvers: unfortunately are not very reliable 
J Adson’s test: Head turned to side, shoulders in mili- 
tary position, taking a deep breath. This decreases the 
space between clavicle and the first rib. It is positive 
when the radial pulse can no longer be palpated and/ 
or the symptoms are reproduced. However, there are 
many false-positive and false-negative results. 

Upper limb tension test: Abducting arms to 90 de- 
grees in external rotation, which causes symptoms to 
appear within 60 seconds (comparable to straight leg 
raising test) (27). 

Test for costoclavicular compression: Shoulders are 
placed in military position and clavicles forced down- 
ward posteriorly 





Hyperabduction-extension test: Tries to repro- 
duce symptoms experienced due to pectoralis minor 
syndrome 


E Differential diagnosis 


Brachial plexitis 

Radiculopathy 

Cervical myelopathy 

Peripheral neuropathy 

Complex regional pain syndrome 
Fibromyalgia 

Plexopathy after trauma or radiation 


Pancoast tumor 
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E Glenohumeral instability 
E Raynaud syndrome 
E CTS 


E Ulnar neuropathy (cubital tunnel syndrome, Guyon’s 
canal syndrome) 
Treatment 
E Physical therapy: Physical therapy program includ- 
ing biomechanical retraining and shoulder and rib- 
cage elevation exercises that enlarge the entrapped 
space. Emphasis on stretching rather than strength- 
ening. Pain should be addressed with specific agents 
for neuropathic pain (e.g., tricyclics, anticonvulsants, 
Neurontin, etc.). 
For ATOS and VTOS, urgent thrombolysis is indicated. 
Prognosis for surgical results may be assessed by inject- 
ing Xylocaine (lidocaine) into the scalenus muscles and/ 
or pectoralis muscle. 
After results with anesthetic injection, a simple tenotomy 
may be performed (especially the pectoralis minor). 
Newer trials at Johns Hopkins University suggest that 
Botox injections into the scalenus muscles may help, at 
least temporarily, to relieve pain. 
Surgical options: Major procedures include transaxil- 
lary first rib resection, scalenectomy, and combined rib 
resection and scalenectomy (7), which may be indicated 
in cases of vascular etiology or the presence of a cervical 
rib or other prominent first rib bony abnormality. 
Postsurgical complications are of concern. Recurrence 
through scarring is a definite possibility, despite wrapping 
nerves with plastic. 


Long Thoracic Nerve 


Anatomy 


C5/C6/C7 anterior primary rami are the origin of the long 
thoracic nerve. They together pierce the scalenus medius mus- 
cle forming the long thoracic nerve upper division. Together 
with the C7 spinal nerve, they travel between the scalenus 
medius and scalenus anticus muscles, located in the supracla- 
vicular triangle. It supplies the anterior serratus muscle. 


Risk Factors 


Weightlifting 

Carrying heavy loads, backpacks 
Back-stroke swimming 
Wrestling, gymnastics 

Motor vehicle accidents 
Chiropractic manipulation 
Deep massage 

Heavy labor 


Blow to shoulder or downward traction of the arm (may 
cause compression of the long thoracic nerve against the 
second rib) 
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m Heart surgery Axillary Nerve 
E Trauma to the upper thorax and cervical region 
; Anatomy 
E Infiltrating tumors E . 
: : F E The origin of the axillary nerve stems from roots C5 and 
E Iatrogenic during radical mastectomy or axillary lymph 


node dissection 


Idiopathic entrapment 


Symptoms and Signs 


Scapular winging 

Pain in shoulder, neck, arm 

Weakness in upper extremity, especially with overhead 
activities 

Frequently found weakness also in deltoid, biceps, supraspi- 
natus, and infraspinatus muscles (additional cervical plexus 
involvement) 


Shoulder instability 


Evaluation 


Test strength and ROM of shoulder. Forward flexion will 
be decreased to 90 degrees. Winging will be present when 
patient presses arms against a wall (compared to winging 
secondary to trapezius weakness, when abduction produces 
the greatest amount of winging). Measure angle of scapula 
plane to chest wall. Strength of the serratus muscle can be 
determined by distance of scapular angle to chest. More than 
5 cm represents severe loss of function. 


EDX examination may reveal slow NCS and abnormal 
EMG. 


Differential Diagnosis 


Neuralgic amyotrophy (29), also known as brachial plexitis 
or Parsonage-Turner syndrome (the long thoracic nerve is 
preferentially affected) 


Trapezius, rhomboid, suprascapular muscle lesions 
Motor neuron disease 

Poliomyelitis 

Radiculopathy 

Fracture 

Neoplasm 

Idiopathic long thoracic nerve palsy 


Treatment 


Physical therapy: If denervation is present, ROM exercises 
are important to prevent contractures of the serratus as well 
as antagonist muscles (rhomboid and levator scapulae and 
pectoralis minor). (Stretching denervated muscles is contra- 
indicated because of possible harm.) Muscle-strengthening 
exercises will begin upon reinnervation. 

Prognosis for spontaneous recovery is good (3 months—2 years), 
except in the case of root avulsion. 


A temporary shoulder orthosis is advised. 


If complete denervation persists after 6 months, a nerve 
graft may be necessary (i.e., intercostal to long thoracic 
nerve). 


C6. Fibers travel through the upper trunk of the brachial 
plexus. Their path continues through the posterior divisions 
followed by the posterior cord. The first terminal branch is 
the axillary nerve. It crosses the anteroinferior aspect of the 
subscapularis muscle, then through the quadrilateral space. 
It divides into a posterior trunk that supplies the teres mi- 
nor and the posterior deltoid and terminates as the lateral 
brachial cutaneous nerve. The anterior trunk supplies the 
anterior and middle deltoid. The axillary nerve is the most 
common nerve affected in shoulder lesions. (Boundaries of 
the quadrilateral space are teres minor superior, teres major 
inferior, long head of triceps medial, and surgical neck of the 
humerus lateral). 
Points of possible compression/entrapment are: 
E At the origin from the posterior cord 
E At the anterior and inferior aspect of the subscapularis 
muscle 
E The subfascial surface of the deltoid 


E The quadrilateral space 


Risk Factors 


Throwing athletes 

Football, crew, swimming, backpacking 

Direct blow to the deltoid 

Glenohumeral joint dislocation (32), humerus fractures or 
surgery 

Muscle hypertrophy and possibly fibrous bands 

Tumors 


Improper use of crutches (leaning on the axilla when 
standing) 


Inappropriate application of casts or orthoses 


Iatrogenic 


Symptoms and Signs 


In quadrilateral space syndrome, there is posterior shoulder 
pain. 

Paresthesias over a circular location of the lateral arm 
Weakness of deltoid muscle 


Forward flexion and/or abduction and external rotation of 
the humerus aggravate the symptoms. 


Difficulty lifting arm above the head 
Possibly abnormal EDX studies 


Evaluation 


ROM and strength testing of shoulder muscles. 


Subclavian arteriography may show compression of the pos- 
terior humeral circumflex artery with abduction and exter- 
nal rotation of the arm (5). 


EDX studies may be abnormal. 


Differential Diagnosis 
Tendinitis 

Rotator cuff tear 
Frozen shoulder 
Radiculopathy 
Brachial plexopathy 


Parsonage-Turner syndrome 


Treatment 

ŒE Many patients, especially young patients, recover full shoul- 
der abduction even with continued denervation of the 
deltoid by substituting the supraspinatus for the deltoid. 
Throwing athletes experience difficulty. The deltoid provides 
50% of the torque about the shoulder. 

B® With a direct blow to the deltoid, prognosis is poorer than 
with lesions from other causes. 

E Acute injury: Rest, treatment of bony or other injuries must 
be taken care of. ROM and passive exercises to rotator cuff 
muscles, deltoid, and periscapular muscles, progressing to 
resistive exercises as muscles are reinnervated. Shoulder con- 
tracture must be avoided. 

E Muscle retraining and/or job changes are recommended. 
If there is no evidence of reinnervation after 6 months, sur- 
gical exploration must be considered. 

E Surgery for quadrilateral space syndrome aims to decom- 
press by release of fascia and fibrous bands around the axil- 
lary nerve and posterior humeral circumflex vessels (5). 

E For more extensive lesions, neurolysis nerve repair, nerve 
grafts, and/or nerve transfer are possibilities. 

E If there is also root avulsion, grafting and nerve transfers are 
the optimal procedures to regain function (2). 


Suprascapular Nerve 


Anatomy 

E The C5-C6 spinal nerves are the origin of the SSN. Fibers 
travel through the upper trunk of the brachial plexus, pass 
through the supraclavicular fossa, and then through the 
scapular notch covered by the transverse scapular ligament. 
Just distal to the notch, the SSN sends branches to the acro- 
mioclavicular joint and the subacromial bursa and extends 
to the shoulder joint. After innervating and passing through 
the supraspinatus muscle, the SSN bends around the spine of 
the scapula to innervate the infraspinatus. 

E Points of possible compression/entrapment: 
E Scapular notch 
E Spinoglenoid notch 
E Fascia between the scapular and the spinoglenoid 

notches (15) 

Risk Factors 

E Traumatic: 
E Rotator cuff tear 
E Shoulder arthrodesis 
E Fracture of the scapula 
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E Nontraumatic: 
E Repetitive overhead loading activities 
Volleyball 
Weightlifting 
Boxing 
Basketball 
Baseball 
Painting 
Backpack straps 


Ganglion cysts at scapular notch 


Superior glenoid labrum, spinoglenoid notch cysts 


Symptoms and Signs 


E Vague shoulder pains with possible radiation in suprascapu- 
lar or radial nerve distribution 


E Vague shoulder and/or acromioclavicular joint pain 


E Weakness in supraspinatus and/or infraspinatus muscles 


Evaluation 

E Test ROM and muscle strength in shoulder muscles. 
E Test for Tinel’s sign at the scapular notch. 

E Overhead activities may worsen symptoms. 
a 


The crossed arm abduction test should exacerbate symptoms 
on the affected side. 


E EDX studies may show abnormality. 


Differential Diagnosis 

Cervical radiculopathy 

Discogenic pain 

Shoulder acromioclavicular joint pathology 
Rotator cuff tear 


Musculoskeletal pain syndromes 


Plexitis 


Treatment 

E Avoidance of exacerbating activities (overhead). 

E Physical therapy focuses on maintaining ROM of the scapula 
and on improving muscle strength. 

Correct the scapulohumeral rhythm as much as possible. 

E Injection of local anesthetic into the scapular notch may 
assist in the diagnosis and treatment. 

E If no adequate response to conservative measures, consider 
surgery. 

Surgical decompression arthroscopically (through subacro- 
mial space or other portals) (19) 


Musculocutaneous Nerve 


Anatomy 

E The musculocutaneous nerve is the terminal branch of the 
lateral cord of the brachial plexus (fibers from C5-C7). 
The nerve passes through the coracobrachialis, which it 
innervates, as well as the brachialis and biceps brachii. 
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In many subjects, the brachialis also receives a branch of 
the radial nerve. 


E Just above the elbow, the musculocutaneous motor nerve 
becomes the sensory nerve, lateral antebrachial cutaneous 
nerve, which innervates the volar and dorsal forearm along 
the radial aspect, but not the hand. 


E Entrapment is uncommon. 


Risk Factors 


E Excessive resistive elbow extension (push-ups or arm presses 
in weightlifters) 


Strenuous forearm pronation 
Tight biceps aponeurosis (11) 
Shoulder dislocation 


A hypertrophic coracobrachialis muscle; the lateral ante- 
brachial cutaneous nerve may be compressed as it enters the 
forearm. 


Symptoms and Signs 


E Coracobrachialis entrapment: elbow flexor weakness, lateral 
arm pain (burning), and/or loss of sensation 


E Positive Tinel sign at areas of entrapment 
E Decreased biceps reflex possible 


E Distal entrapment may present only with forearm pain and/ 
or sensory deficit. 


Evaluation 
E Meticulous history and physical examination 
E Point of maximal tenderness is important for possible surgery. 


E Symptoms increase with elbow extension and forearm 
pronation. 


E Electrodiagnosis: Motor and sensory conduction may be 
slowed and amplitudes reduced. In severe lesions, EMG of 
biceps may show abnormal neurogenic findings. 


Differential Diagnosis 
Shoulder dislocation 
Rotator cuff lesion 
Plexitis 

Tendinitis 

Lateral epicondylitis 
Cervical radiculopathy 


Median or superficial radial nerve entrapment 


Treatment 

E Rest, ROM, active assistive ROM, gentle stretching 
E Anti-inflammatory medication 

E Modalities 


E Lateral antebrachial cutaneous nerve entrapment near the 
cubital fossa mostly needs surgical decompression (10). 


Median Nerve 


E Anatomy: The median nerve originates from the C6-T1 spi- 
nal roots/nerves. It traverses the upper, middle, and lower 
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trunk; the anterior divisions; and the lateral and medial cord. 
It is one of the three nerves supplying all muscles of the fore- 
arm and hand. 

Entrapment Site 1: Ligament of Struthers 

Anatomy 

Œ Median and ulnar nerves and brachial artery can be en- 
trapped by a fibrous band from a rare supracondylar process 
on the anterior humerus to its medial epicondyle or under- 
neath the lacertus fibrosis. 

Risk Factors 

E 2.7% of the population who have the anomaly 

E Distal humerus fracture 

E Space-occupying lesion 

Symptoms and Signs 

E Tingling, numbness in median innervated area 

E Weakness in all median nerve innervated muscles. 


E Deficits in ulnar nerve distribution, if the ulnar is also en- 
trapped. 


E Swelling of hand and forearm (brachial vein) and blanching 
(brachial artery) 


E Ape hand (severe involvement of the whole median nerve) 


Evaluation 


ŒE Good history and extensive physical examination are para- 
mount. 


E Imaging of humerus to confirm the presence of a spur or 
osteochondroma 


E EDX studies can be helpful. Pronator maybe involved, but 
not in pronator syndrome. 

Differential Diagnosis 

E Pronator syndrome 

E Humerus fracture 


E Humeral osteochondroma (spur oriented away from the 
joint in opposite to the anomalous supracondylar process, 
which points toward the joint) 


E Radiculopathy 


Treatment 
E Reduction of aggravating activities 
E Anti-inflammatory medications may help some 


E Surgery will usually be the treatment of choice (spur exci- 
sion; in absence of spur, ligament incision and lacertus fibro- 
sis wedge removal) (30) 


Entrapment Site 2: Pronator Syndrome 
Anatomy 


E In the antecubital area the median nerve is located under- 
neath the bicipital aponeurosis (lacertus fibrosis). Then it 
passes between the superficial and deep heads of the prona- 
tor teres, underneath the flexor digitorum superficialis. 

E Entrapment by these structures: pronator syndrome. An 
accessory head of the flexor pollicis longus (FPL), called 
Gantzer’s muscle, may contribute to this syndrome as well as 


the anterior interosseous nerve syndrome. More entrapment 
syndromes are described by Tubbs et al. (31). 
Risk Factors 
E Enlarged median artery 
Œ Musicians (pianists, fiddlers, harpists) 
E Athletes (baseball players) 
| 


Arm fractures can injure the brachial artery by compression, 
thereby preventing blood flow and causing ischemia. Result- 
ing scarring of flexor muscles may cause flexion deformity at 
wrist and fingers (Volkmann contracture). 


E Occupational (e.g., machine milkers and dentists) 


Symptoms and Signs 
E Weak handgrip 


ŒE Aching pain with resisted flexion to the middle finger, 
increased activities 


Pain on active resistive forearm pronation 

Possible cramping of fingers (writer’s cramp) 
Numbness of thumb and index finger 

Possible positive Tinel test over pronator teres muscle 
Negative Phalen’s test 


Significant loss of median nerve function will cause the 
“Benedictine hand.” 

Evaluation 

H Precise history and physical 


E Strength test, especially pronation against resistance, elbow 
flexion, and resistive elbow extension 


E Provocative maneuver: Paresthesias in the hand after 30 sec- 
onds or less of manual compression of the median nerve 
over the pronator teres muscle. 


E EMG and NCS may be helpful. 


Differential Diagnosis 
E Tendinitis 

E Entrapment under ligament of Struthers 
E CTS 

E Entrapment under the sublime bridge 

Œ Plexitis 


Treatment 

E Rest, splinting 

E Anti-inflammatory drugs 

H Possible steroid injections into the area of entrapment 
a 


If there is no improvement in 6 months, surgical exploration 
is recommended. 


E Surgery: Release of offending structure leads to full recovery, 
unless severe axonotmesis is present (17). 

Entrapment Site 3: Anterior Interosseous Nerve Syndrome 

(Kiloh-Nevin Syndrome) 

Anatomy 


E In the forearm, the median nerve gives off a large deep motor 
branch, the anterior interosseous nerve, that supplies the FPL, 
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the two lateral heads of the flexor digitorum profundus, and 
the pronator quadratus. Anterior interosseous lesions are rare. 
Risk Factors 
E Supracondylar humerus fracture (especially in children) 
E Venipuncture 
E Anatomic variants 


E Tumor 


Symptoms and Signs 
E No sensory symptoms 


E Weakness in thumb flexion, finger flexion, forearm pronation 


Evaluation 

E Careful examination of forearm and hand 

E ROM and strength evaluation mainly of thumb and finger 
flexion and pronation 

E Look for the “O” sign: Patients are unable to hold and resist the 
opening of the index finger to thumb tip-to-tip pinch; the two 
distal phalanges align flat against each other to hold the pinch. 

B EMG is helpful to identify the involved muscles. 


Differential Diagnosis 

E Neuralgic amyotrophy (brachial plexitis) 
E Pronator teres syndrome 

E Radiculopathy 


Treatment 


E Conservative management; surgery may become necessary. 


Entrapment Site 4: Carpal Tunnel Syndrome 
Anatomy 


E The carpal tunnel is formed by the arched carpal bones cov- 
ered by the carpal ligament (retinaculum), which spans from 
the pisiform and hamate to the trapezium and scaphoid. It 
contains, in addition to the median nerve, arteries, and veins, 
tendons of nine flexor muscles: flexor digitorum superfi- 
cialis (4 tendons), flexor digitorum profundus (4 tendons), 
and FPL (1 tendon). The flexor carpi radialis tendon has its 
own synovial sheath to prevent compression when passing 
through the radial attachment to the retinaculum. It trav- 
els with the radial artery and the palmar cutaneous branch 
superficial to the flexor retinaculum, underneath which the 
other flexor tendons are located (in the carpal tunnel). 

E In the hand, the median nerve supplies the lateral two lum- 
bricals and most of the thenar muscles, except for the deep 
head of the flexor pollicis brevis. Sensory fibers, after travel- 
ing through the carpal tunnel, supply the lateral three and 
one-half digits, and the distal one-third of the dorsal aspect 
of the digits’ 1-3, one-half of the dorsal distal digit of the 
ring-finger, and the lateral palm, except for a small area over 
the thenar eminence. (Radial nerve supply) 


Risk Factors 

E Repetitive motion activities (job related, knitting, sewing, etc.) 
E Low ratio of depth to width (< 0.70) of the wrist. (20) 

E Hypothyroidism 
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Myxedema 

Pregnancy, premenstrual swelling 

Tumor 

Other causes of excessive soft tissue swelling 
Wheelchair athletics 

Tennis 

Baseball, volleyball 


Musicians (violin and piano playing) 


Symptoms and Signs 

E Nocturnal numbness 

E Tingling and wrist pain, increased with activities 
E Patients prone to dropping things 
E 


Sensory impairment in median nerve distribution in the 

hand 

Weak hand grip 

When holding a pinch against resistance, patients frequently 

will use the ulnar innervated deep flexor pollicis to oppose 

the index, instead of the APB. 

E In the hand, severe median nerve loss will eventually 
cause an ape hand deformity because of the loss of thenar 
muscles and, thereby, loss of opposition and flexion of the 
thumb. 


Evaluation 
E Meticulous history and examination of muscle strength 


E Sensory examination of all modalities (superficial and deep 
sensation, temperature, position sense, 2-point discrimination) 


E Electrodiagnosis is extremely helpful in the diagnosis of CTS, 
especially to rule out radiculopathy and to identify CTS even 
when peripheral neuropathy is also present. Nerve conduc- 
tion velocity across the wrist, EMG. 


Differential Diagnosis 
Cervical radiculopathy 
Peripheral neuropathy 
Diabetes mellitus 
Tendinitis 
Space-occupying lesion 


Nerve injury or postsurgery complication 


Treatment 
E Night splints in neutral position 


H Splints for activities that produce discomfort (avoiding con- 
stant wearing) 


E Nonsteroidal pain medication 


Pyridoxine may help; frequently, a deficiency is present. 

E TENS effectiveness was objectively confirmed with functional 
MRI (21) 

H Steroid injections into the painful area; if no response, sur- 
gery may be considered 

E Release of confining ligament. 


E Endoscopic with minimal invasiveness 


Musculoskeletal Problems in the Athlete 


Entrapment Site 5: Digital Nerve Entrapment 
Anatomy 


E The median nerve sensory fibers in the hand are located at 
the medial and lateral side of digits 1-3 and on the lateral 
side of digit 4. They may become entrapped. 


Risk Factors 

E Vibration syndrome 

E Athletes (baseball players, bowlers, etc.) 

E Musicians 
E Flutists (lateral side of left index finger) 
E Violinists, cellists (right thumb) 
E Percussionists (left middle finger) 


Symptoms and signs 

E Numbness and tingling in fingers 
E Pain in fingers 

E Cramping, dystonia 


Evaluation 

ŒE Careful history and physical, especially a meticulous sensory 
examination, all modalities 

E Sensory nerve conduction may be of help (finger stimulation 
and finger recording) 


Differential Diagnosis 
E Radiculopathy 

E Peripheral neuropathy 
E Reynaud syndrome 


Dependant arm swelling 


Treatment 
E NSAIDs 
E Splinting 
H Steroid injections (last resort) 


E Surgical release 


Radial Nerve 


E Anatomy: The radial nerve originates from fibers of the 
C5-C8/T1 nerve roots and emerges as the terminal branch 
of the posterior cord (brachial plexus). It runs between the 
medial and long heads of the triceps, along the spiral groove 
of the humerus, where the posterior antebrachial cutaneous 
nerve branches off, which supplies the skin of the extensor 
forearm. The radial nerve pierces the lateral intermuscular 
septum, travels anterior to the lateral epicondyle, and divides 
into superficial and deep branch in the cubital fossa. The 
latter continues in the radial tunnel through the arcade of 
Frohse, lies between the superficial and deep supinators, and 
becomes the posterior interosseous nerve, supplying the ex- 
tensor forearm muscles (except the extensor carpi radialis 
longus [ECL]). The superficial branch courses laterally at the 
wrist. It supplies sensation to the dorsal-radial wrist and the 
proximal dorsal aspect of the first 3 and one-half digits. 


Entrapment Site 1: Radial Nerve Proximal to Elbow — 
Spiral Groove 


Risk Factors 


E Humerus fracture: Estimated incidence of radial entrapment 
is 10%-18% (4). Most lesions are neurapraxic; functional 
return is seen in 4—5 months (23). 


E Saturday night (honeymooner’s) palsy: most common, due to 
prolonged compression of the nerve in or near the spiral groove. 


Symptoms and Signs 

E Weakness of forearm extensors (wrist drop) 
E Slight weakness of elbow flexors if brachioradialis is involved 
E Triceps may or may not be involved. 

E Triceps reflex absent if triceps involved 

E Pain and sensory change in posterior antebrachial cutaneous 
and/or distal superficial radial nerve distribution 


Evaluation 


E History: trauma to humerus, recent obtundation due to 
alcohol or other inebriation 


E Physical examination: weakness in dorsiflexion of wrist, sen- 
sory loss to pinprick and/or light touch in distal radial nerve 
distribution 


E Electrodiagnosis is recommended 


E NCS: Recording radial nerve velocity and amplitude across 
the point of injury may demonstrate the deficit 


E Needle exam — Involved muscles may show denervation. 
Differential Diagnosis 

Radiculopathy 

Brachial plexitis 


E 

E 

E Space-occupying lesion 

E Musculocutaneous nerve lesion 
E 


Extensor tenosynovitis 


Treatment 

E Assure bony stability in humerus fracture to prevent further 
nerve injury. 

E Prognosis in lesion above elbow is good (neurapraxia). 

E Conservative management 


E If no recovery in several months or clinical decline, surgical 
exploration is indicated. 


Entrapment 2: Radial Tunnel Syndrome 


E This syndrome is controversial. Compression may occur 
anywhere in the tunnel. The cause of these symptoms often 
is a treatment resistant chronic tennis elbow. Generally, no 
definite neurologic deficit can be demonstrated clinically or 
by electrodiagnosis. 


Entrapment 3: Supinator Syndrome — Arcade of Frohse 


E This syndrome is a compression at the arcade of Frohse 
where the radial nerve pierces the supinator and becomes the 
purely motor posterior interosseous nerve (PIN). The supi- 
nator itself and the extensor carpi radialis longus (ECRL) are 
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mostly innervated by the posterior interosseous nerve before 
it enters the Arcade of Frohse. 


Risk Factors 

Repetitive motion 

Fracture of proximal radius 

Fracture/dislocation at elbow (Monteggia fracture) 
Rheumatoid arthritis 


Lacerations, scarring 


Lipomas, other tumors 


Symptoms and Signs 


E Pain and/or weakness in radial distributions distal to 
elbow 


E Partial wrist drop, radial deviation on wrist extension (ECL 
innervation above elbow) 


E Interossei appear weak secondary to loss of wrist stabilization 


E No sensory deficit 


Evaluation 
E Given risk factors, consider advanced imaging 


ŒE Physical examination: Forced supination with arm fully 
flexed will reproduce pain in lesions proximal to supinator. 

E Forced extension of third digit may be weak (not in extensor 
tenosynovitis). 

E Electrodiagnosis: most reliable is the needle examination of 
the radial innervated muscles. NCS are not always helpful. 
The technique would be as the previously described radial 
nerve study. 


E Imaging helps demonstrate the cause. 


Differential Diagnosis 
Radiculopathy 
Brachial plexitis 


E 
L] 
E Tumor (neuroma), rheumatoid arthritis (RA) 
E Musculocutaneous nerve lesion 

E Extensor tenosynovitis 

E 


“Tennis elbow” 


Treatment 
E Conservative management 


E If refractory or rapidly progressive (denervation on EMG 
study), consider surgical release 


Entrapment Site 4: Distal Radial Nerve Lesion 
(“Handcuff Neuropathy” or Cheiralgia Paresthetica) 


E Due to compression at the wrist and is mostly purely sensory 


Risk Factors 
E Prisoners 


E With more severe injury, multiple nerves may be involved. 


Symptoms and Signs 
E Sensory deficits in distal superficial radial nerve distribution 
E No weakness 
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Treatment 

E Conservative management 

E Recovery usually complete within 6-8 weeks 

E Itmay predispose patient to complex regional pain syndrome. 


Ulnar Nerve 


E Anatomy: The ulnar nerve (C7, C8, T1) is the terminal branch 
of the inferior trunk and the medial cord of the brachial plexus. 
It accompanies the brachial artery and median nerve in a neu- 
rovascular bundle. It then travels between the coracobrachialis 
and triceps. At midpoint of the upper arm, the nerve enters the 
posterior compartment, piercing the intermuscular septum. The 
nerve runs along the medial head of the triceps in a tough invest- 
ing fascia that comprises the arcade of Struthers. At the elbow, 
the nerve leaves this fascia and passes posterior to the medial epi- 
condyle of the humerus (ulnar sulcus). It enters the cubital tun- 
nel at the humeroulnar aponeurotic arcade (Osborne ligament), 
pierces the flexor carpi ulnaris (FCU), and lies between its two 
heads. It exits at the distal end of the cubital tunnel through 
the deep flexor pronator aponeurosis (DFPA). At the wrist, the 
nerve passes through Guyon canal (borders: medially, pisiform 
bone; laterally, hook of hamate; roof, tendon of FCU; and floor, 
carpal ligament) into the palm of the hand. In the canal, the ul- 
nar nerve divides into a deep branch accompanied by the ulnar 
artery, which winds around the hook of the hamate and supplies 
the interossei, the third and fourth lumbricals, the adductor pol- 
licis, the first dorsal interosseous, and the deep head of the flexor 
pollicis brevis. The superficial branch supplies the palmaris bre- 
vis and terminates as sensory nerve to digits 4 and 5. 


Entrapment Site 1: Ligament of Struthers 
Risk Factors 
E Prior trauma 


E Surgery (e.g., ulnar transposition) 


Symptoms and Signs 
E Similar to those of median nerve compression at the same site 


E Decreased sensation in ulnar nerve distribution proximal 
to wrist 


E Severe lesion may involve ulnar motor innervation (FCU, 
medial flexor digitorum profundus) 


E Weakness of the FCU will reveal radial deviation of wrist 
with flexion 


Evaluation 
E Advanced imaging (MRI or diagnostic ultrasound) 


E EMG/NCS may be negative until case is advanced; motor fibers 
are well protected. Motor study of ulnar nerve with stimulation 
proximal to suspected lesion. May be difficult to discern entrap- 
ment here from tardy ulnar palsy, without clinical suspicion. 


Differential Diagnosis 
E Radiculopathy/myelopathy 
E TOS 


E Pancoast tumor 
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E Ulnar entrapment distally 
E Double crush 


Treatment 
E Conservative management is usually not adequate. 


E Surgery to release constriction band is often favored. 


Entrapment Site 2: Ulnar Sulcus/Retrocondylar Groove 
(Tardy Ulnar Palsy) 


E Second most common nerve entrapment of the upper 
extremity 


Risk Factors 

Leaning on elbows 

Tight casting 

Compressive trauma 

Bony deformity 

Epicondyle fracture (nonunion) 
Wrestling without elbow pads 

Excessive flexion (as in prolonged driving) 
Repetitive motion at elbow 

Chronic subluxation 

High body mass index in women, older age in men 
Rheumatoid arthritis 


Occupational or recreational activities 


Prolonged use of vibrating tools 


Symptoms and Signs 


E Pain, paresthesia, and/or numbness in volar aspect of fifth 
and medial fourth digits and hypothenar eminence, increas- 
ing with elbow flexion 


E Weakness and/or atrophy in ulnar innervated hand intrinsic 
muscles 

E Flexion contracture of proximal interphalangeal joint of fifth 
digit 

E Possible claw hand (partial flexion of the proximal and distal 
interphalangeal joints, with extension of the metacarpopha- 
langeal joints) 

E Diminished grip strength 


Evaluation 

E Dynamic assessment to look for chronic nerve subluxation 

E Tinel’s sign 

E EMG/NCS may assist in the diagnosis (14) 

E Consider ulnar inching study (multiple potential sites of 
entrapment). 


E Consider diagnostic ultrasound. 


Differential Diagnosis 

E Ulnar entrapment distally or proximally 

E Systemic disease with high incidence of mononeuropathies 
(e.g., diabetes, alcoholism, thyroid) 

E Compression: extrinsic or intrinsic, postoperative 


E Valgus ligament instability 


Elbow injury and deformities 

Fractures and dislocations 

Cubitus valgus or varus 

Space-occupying lesions: ganglia, tumors, osteophytes, bursae 
Perineural adhesions 

Burns and heterotopic bone 

Osteophytes, synovitis (34) 


Treatment 

Conservative management, pain control 

Correct underlying etiology if possible 

Muscle strengthening 

ROM 

Relative rest including avoiding exacerbating activities 


Padding and/or splinting around the elbow 


If neurologic symptoms progress, consider surgery (ulnar 
nerve release or ulnar nerve transposition) 

Entrapment Site 3: Cubital Tunnel Syndrome 

E Compression at the entry (Osborne ligament) or exit (DFPA) 


Risk Factors 
H Lesions mostly nontraumatic 
E Repetitive motion injuries 


E Anatomic predisposition 


Symptoms and Signs 

E Findings similar to tardy ulnar palsy 

E Tinel sign over the cubital tunnel, not over sulcus 
E Wartenberg sign (fifth digit abduction) 
| 


Froment’s sign: Patient pinches a piece of paper between first 
and second metacarpals. In response to a strong pull, patient 
contracts the FPL to substitute for weak first dorsal interos- 
seous and adductor pollicis. 


Differential Diagnosis 


E Similar to entrapments sites 1-2 discussed earlier 


Treatment 
E Conservative 
E Progressive symptoms with motor decline 


ŒE Surgery (cubital tunnel release) 


Entrapment Sites 4 and 5: Guyon Canal 

and Palmar Entrapment 

E Motor or sensory fibers, or both, may be involved depending on 
the location of the compression. Entrapment distal to Guyon ca- 
nal (deep palmer branch) results in weakness of ulnar innervat- 
ed intrinsics. Occasionally, the abductor digiti minimi is spared. 
In the canal, both may be compressed. The superficial branch 
causes sensory loss of the ulnar half of the fourth digit and the 
fifth digit. The dorsal sensory nerve branches off above the wrist. 


Risk Factors 
E Bicycling (handlebar palsy) 
E Push-ups 
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Flute or violin playing 
Vibrational trauma 


E 
E 
E Scars, tumor, ganglion cyst, lipoma 
E Ulnar artery aneurysm 

|| 


Fracture, especially hook of hamate 


Symptoms and Signs 
E Wrist/hand pain 
E Weakness in grasp 


E Numbness and tingling in distal ulnar nerve distribution; 
often worse at night 


Evaluation 

E History and physical 

E Advanced imaging (MRI, computed tomography, ultra- 
sound) 


E Helpful electrodiagnostic studies are: NCS: Ulnar and Dorsal 
Ulnar Cutaneous SNAP (sensory nerve action potential) 
velocities and amplitudes. CMAP (Compound muscle action 
potentials) latency across the wrist. 


E Tinel, Phalen, reverse Phalen signs 


Differential Diagnosis 
E See entrapment sites 1—3 discussed earlier 


E Wrist flexor tendonitis 


Treatment 

Conservative management 
Activity modification 
NSAIDs 

Padding 

Possible steroid injections 


If no improvement in 3 months or increased neurologic 
signs, consider surgery 
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Magnetic Resonance Imaging 
in the Lower Extremity 


Courtney T. Tripp and John F. Feller 








HIP identified on MRI and are especially conspicuous in the pres- 





Hip magnetic resonance imaging (MRI) protocols in the ath- 
lete should be performed to optimize assessment for both 
internal and external derangements of the hip. Ideally, MRI 
evaluation includes a combination of large field-of-view bi- 
lateral hip and pelvic structures that aid in evaluation of 
extra-articular abnormalities (ie, musculotendinous in- 
juries, osseous injuries, bursitis) and high-resolution small 
field-of-view unilateral imaging for intra-articular abnormal- 
ities (e.g., articular cartilage and acetabular labrum injuries, 
femoral acetabular impingement [FAI], and loose bodies) (5). 


Although controversy exists regarding the most appropriate 
MRI assessment of intra-articular hip pathology, multiple 
studies have shown a high degree of accuracy with both 
noncontrast MRI and magnetic resonance (MR) arthrogra- 
phy for diagnosis of cartilage injuries of the hip (12,18,25). 
Newer novel MR mapping techniques for chondral assess- 
ment are also being developed (24). 

Intra-articular abnormalities that commonly affect the young 
athletic population and can be evaluated with MRI include 
acetabular labral tears, chondral injuries, intra-articular 
loose bodies, and FAI. 

Acetabular labral tears are well evaluated with MRI and di- 
agnosed as a linear hyperintense signal contacting the labral 
surface either at the labral—acetabular junction or in the 
labrum itself (5). 


Osteochondral injuries of the hip may be due to impaction 
injury, hip dislocation, or subclinical chondral shearing, and 
most commonly are present in the superomedial femoral 
head. Moderate to moderately high sensitivity for detection 
of chondral lesions of the hips has been reported. Cartilage 
sensitive sequences, especially high-resolution intermediate- 
weighted sequences, are necessary for optimal evaluation of 
chondral injuries (12,31). Intra-articular loose bodies can be 





ence of a joint effusion or arthrographic solution. 

FAI is increasingly recognized as a potential cause of early- 
onset osteoarthritis of the hip. This impingement essentially 
is due to reduced joint clearance with repetitive abutment 
between the femur and acetabular rim during terminal 
hip movement. Findings on MRI that are suggestive of the 
clinical syndrome of FAI include labral tears, especially at 
the labral—-chondral transition zone, and loss of articular 
cartilage. A nonspherical shape of the femoral head with de- 
creased femoral head offset and anterosuperior chondral loss 
is characteristic of camshaft (Cam)-type FAI, whereas ace- 
tabular overcoverage and posteroinferior acetabular chon- 
dral loss characterize pincer-type FAI (Fig. 58.1) (14,23). 
MRI is useful in imaging of the extra-articular regional mus- 
culotendinous structures demonstrating injuries such as 
traumatic muscular contusions or strains, tendinopathy, and 
tendon tears. Common to the athlete are musculotendinous 
strains of the hamstring and rectus femoris muscles, with 
abnormal high signal within the muscle and/or tendon on 
MRL. In adductor avulsion syndrome (“thigh splints”), there 
is periosteal hyperintensity near the insertion of the adduc- 
tor muscles of the femur (3). Tendinosis, which is seen as 
thickening and or hyperintensity of the tendon, is commonly 
seen within the gluteus medius and minimus tendons near 
their greater trochanteric insertions. 


The term athletic pubalgia (“sports hernia”) has been applied 
to various causes of lower abdominal wall and peripubic 
pain. A recent study by Zoga et al. (36) found a high cor- 
relation of clinical symptoms with MRI findings of rectus 
abdominis and adductor tendon insertional injuries at their 
pubic bone insertion. 

MRI evaluation of the osseous structures of the hip is excellent 
and is the imaging modality of choice for osseous stress inju- 
ries, avascular necrosis (AVN), and occult fractures. Osseous 
stress reaction and stress fractures common to the athletic 
population involve the femoral neck, the pubic bones, and the 
sacrum, all of which demonstrate marrow edema, and in the 


The opinions and assertions expressed herein are those of the authors case of stress fracture, a low signal intensity line (Fig. 58.2). 


and should not be construed as reflecting those of the Department of E AVN and subchondral insufficiency fractures of the femoral 
Defense. head both demonstrate femoral head edema in early stages. 
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Figure 58.1: A: Axial oblique intermediate-weighted magnetic 
resonance (MR) arthrogram image of the hip demonstrating an osseous 
dysplastic bump at the femoral head/neck junction (arrow). The findings 
of superior labral tearing associated with an osseous dysplastic bump 
suggest Cam-type femoroacetabular impingement syndrome. B: Coronal 
fat suppression T1-weighted MR arthrogram image of the same hip 
demonstrating macerated labral tearing with abnormal imbibition of 
contrast into the labrum (arrow). Note lack of femoral head/neck offset. 








Findings of AVN include a “double line sign” in nearly 80% KNEE 
of cases and may progress to include a subchondral fracture 
line and eventual articular collapse. 





E There are a few bursae in the region of the hip, notably the E MRI evaluation of the knee should include triplanar imag- 


greater trochanteric, iliopsoas, and ischial bursa, which may ing with both high-resolution, intermediate-weighted, car- 
become inflamed by repetitive microtrauma, demonstrating tilage-sensitive sequences and water-sensitive (intermediate/ 
fluid signal hyperintensity of the bursa on MRI. T2 fat-suppressed, or STIR [short tau inversion recovery]) 


sequences for evaluation of marrow edema and pathology of 
the soft tissues. 

E In the athletic population, accurate evaluation of carti- 
lage injury is crucial for directing treatment. MRI has been 
demonstrated to be an accurate method for evaluation of 
articular cartilage injuries. For this purpose, high-resolution 
cartilage-sensitive pulse sequences should be used in routine 
MRI of the knee. Generally, normal cartilage should be inter- 
mediate in signal intensity and of rather uniform thickness. 
With high-resolution cartilage-sensitive sequences, however, 
a normal gray scale stratification of the cartilage may be seen, 
which corresponds to normal cartilage zonal anatomy (31). 

E MRI accuracy for diagnosis of internal derangement of the 
knee is excellent, with high sensitivity and specificity (9,16). 
It is the most commonly evaluated joint by MRI (29). In a 
study of 200 patients who had MRI of the knee and sub- 
sequent arthroscopy, Vincken et al. (34) demonstrated high 

E aS sensitivity and specificity of MRI for diagnosis of both me- 

Figure 58.2: Coronal fat suppression T2 MRI demonstrating a pubic dial and lateral meniscal tears, concluding that MRI is effec- 

ramus stress fracture. tive as a test for directing clinical treatment. 
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valuable in corroborating pathology because, occasionally, 
44 olved volume averaging of signal with adjacent soft tissue structures 
yo m unresolved cows 


: b x may falsely suggest pathology (27). 
knee pain sip A 5 E The ACL is commonly injured in athletes. On MRI, the ACL 
bicycle fall ~ ULE = ’ is a thick dark band-like structure that parallels the roof of 


the intercondylar notch. Direct MR signs of ACL disrup- 
tion include focal discontinuity of ligament fibers, abnormal 
slope of the ACL, and avulsion of the anterior tibial spine 
(Fig. 58.4). 

ŒE Additional indirect MR signs of ACL disruption that can in- 
crease confidence of an ACL tear include a deep sulcus sign, 
a Segond fracture (capsular avulsion fracture of lateral tibial 
plateau), anterior translation of the tibia relative to the fe- 
mur, hyperextension bone contusion injuries involving the 
anterior tibia and femur, and buckling of the posterior cruci- 
ate ligament (PCL) (28). 


E Full-thickness ACL tears are diagnosed by observation of 
complete discontinuity of the ligament fibers, as described 
previously. Partial-thickness ACL tears can be difficult to 
diagnose because there is only partial ligament fiber dis- 
continuity. Confirmation of the diagnosis of partial ACL 
tear not only in the sagittal but also in the axial plane may 
be necessary (27). In the athletic population, ACL tears are 
typically repaired, because an unrepaired torn ACL may sub- 
sequently lead to chronic ACL deficiency. This condition is 
associated with a higher risk of medial meniscal degenerative 





tearing. 
Figure 58.3: Axial fat suppression intermediate-weighted MRI E The ACL can be evaluated postoperatively with MRI and 
demonstrating a subacute nondisplaced occult tibial plateau fracture should parallel the roof of the intercondylar notch, without 
(arrows), which was not suspected clinically. buckling, as seen in the sagittal plane. Tears of ACL grafts 


are diagnosed by observing focal discontinuity of graft fibers, 
not unlike that seen in a native ACL tear. Postoperatively, 

Æ MRI has a high sensitivity for diagnosing bone marrow ede- fast spin echo and inversion recovery sequences should be 
ma, the causes of which are varied and include trauma, AVN, used rather than frequency selective fat suppression as the 
subchondral stress reaction or insufficiency fractures due to 
altered biomechanics, or arthritic changes (Fig. 58.3). 

E Many injury patterns are encountered in sports injuries to 
the knee, and certain bone marrow contusion patterns seen at 
MRI correlate with particular mechanisms of injury. Sanders 
et al. (29) described 5 such patterns that have a high correla- 
tion with specific soft tissue injuries of the knee. One partic- 
ularly common contusion pattern is the “pivot shift injury,” 
in which the classic bone marrow edema pattern involves the 
posterolateral tibial plateau and the midportion of the lat- 
eral femoral condyle. The anterior cruciate ligament (ACL) 
is invariably torn with this mechanism of injury. Other soft 
tissue injuries to the knee that can be seen in this pattern 
include medial collateral ligament sprains, longitudinal tears 
through the peripheral aspect of the posterior menisci, and 
posterior capsular injuries (29). 





E The normal ligamentous and tendinous structures of the knee 
have uniformly low signal intensity on all MRI sequences. The 
cruciate ligaments are best seen on sagittal sequences, and Figure 58.4: Sagittal intermediate-weighted MRI demonstrating 
the collateral ligaments are best seen on coronal sequences. abnormal signal and fiber discontinuity of the anterior cruciate ligament 
However, correlation with orthogonal imaging planes is often (ACL) consistent with a full-thickness tear (arrow). 
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water-sensitive sequence, because the latter is more suscep- 
tible to metallic particle-associated magnetic field inhomo- 
geneities resulting in susceptibility artifact. 

A post-ACL reconstruction complication that can be accu- 
rately evaluated with MRI includes a focal form of arthro- 
fibrosis (“cyclops lesion”) seen in the anterior intercondylar 
region, which may impede full joint extension (6). 

Tears of the PCL are much less common than ACL tears and 
can be seen in association with significant trauma resulting 
in posterior translation of the tibia in relation to the femur, 
such as seen in significant falls or “dashboard” injuries to the 
tibia. Direct signs of PCL disruption include focal disconti- 
nuity of ligament fibers with high signal traversing fibers of 
the PCL on fluid sensitive images (28). 


Ligamentous sprains of the medial and lateral collateral liga- 
ments of the knee are common injuries in the athletic popu- 
lation and can be seen in isolation or in conjunction with 
other injuries to the knee. Ligamentous sprains are graded 
depending on the continuity or disruption of the fibers of 
the ligament on MRI as follows: grade 1: high signal within 
the ligament with intact fibers; grade 2: partial ligamentous 
tearing; and grade 3: complete ligamentous tear with discon- 
tinuity of fibers (Fig. 58.5). 





Musculoskeletal Problems in the Athlete 


E The normal menisci are composed of fibrocartilage and 


therefore dark on all MRI pulse sequences. As evaluated in 
the sagittal plane, the normal meniscus appears as a trian- 
gular low signal intensity structure. The lateral meniscus is 
smaller and more circular in shape than the medial menis- 
cus, with the anterior and posterior horns nearly equal in 
size. Conversely, the normal posterior horn of the medial 
meniscus is 1 and one-half to 2 times the size of the anterior 
horn, as viewed sagittally. 

Short echo time sequences, T1 or intermediate weighted, are 
the most sensitive for identifying meniscal tears. Meniscal tears 
are diagnosed on MRI by abnormal morphology, displaced or 
missing meniscal tissue, and/or abnormal hyperintense lin- 
ear signal extending to an articular margin of the meniscus 
(grade 3) (Fig. 58.6). Increased intrasubstance signal within 
a meniscus (grade 1 or 2) that does not extend to a menis- 
cal articular margin, does not represent a meniscal tear, but 
rather intrasubstance degeneration within an adult meniscus, 
and likely normal vascularity in an adolescent. Various nor- 
mal anatomic structures closely apposed to the meniscus can 
mimic tears on MRI, and therefore, understanding of normal 
anatomy and variants is necessary for accurate diagnosis. 


On MRI, meniscal tears are categorized as horizontal, longi- 
tudinal, radial, or parrot beak in configuration. Description 
of the location of the tear with respect to the periphery of 
the meniscus is important in determining reparability of the 
tear. Typically, meniscal tears in the peripheral portion are 
repaired in the young athletic population because there is a 
greater likelihood of viability due to greater vascular supply 
to the peripheral meniscus. 


Longitudinal meniscal tears deserve special note because 
they may become displaced within the joint and form a 
“bucket handle tear,” wherein the cleaved displaced inner 
meniscal fragment may be displaced into the intercondylar 





Figure 58.5: Coronal fat suppression intermediate-weighted MRI of 
the knee demonstrating abnormal signal and partial fiber discontinuity 
of a moderate acute sprain of the lateral collateral ligament (arrow). 


Figure 58.6: Coronal fat suppression intermediate-weighted MRI 
demonstrating a posterior medial meniscal root tear (arrow). Notice the 
fluid-filled gap in the posterior horn of the meniscus. 
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notch, anteriorly, posteriorly, or laterally. A bucket handle 
tear of the medial meniscus may be displaced into the inter- 
condylar notch adjacent and inferior to the PCL, a configu- 
ration termed the “double PCL sign.” Bucket handle tears of 
the lateral meniscus are hindered from displacement into the 
intercondylar notch to the level of the PCL due to be pres- 
ence of the ACL and, therefore, typically displace anteriorly, 
forming the so-called “double anterior horn sign” (26,35). 

E In the postoperative meniscus, a retear of the meniscus on 
MRI can be diagnosed if any of the following criteria are 
met: grade 3 signal of the meniscus that is as bright as fluid 
on T2-weighted sequences, a displaced meniscal fragment, 
or grade 3 signal in a new location when compared to pre- 
operative findings. Grade 3 signal seen only on short echo 
time sequences is indeterminate for retear and can be further 
assessed with MR arthrography (28). 

Œ With use of appropriate high-resolution cartilage-sensitive 
sequences, a high degree of accuracy in evaluation of articu- 
lar cartilage abnormalities with MRI can be obtained (7,31). 


Œ Subchondral stress fractures and osteochondral injuries 
typically occur on weight-bearing articular surfaces. Classic 
osteochondritis dissecans, however, is seen on the lateral non— 
weight-bearing aspect of the medial femoral condyle. MRI is 
important in determining size, location, and stability charac- 
teristics of osteochondral lesions. Signs of an unstable lesion 
include size > 5 mm, fluid equivalent signal surrounding the 
fragment, or cystic changes undermining the lesion (10). 





Æ MRlis well suited for assessment of articular cartilage injuries Figure 58.8: Sagittal intermediate-weighted MRI demonstrating a 
of the knee. As previously discussed, normal cartilage dem- patellar chondral delamination injury (arrow). 
onstrates intermediate signal intensity on MRI. Chondral 
injuries, including focal abnormal signal, fibrillation and 
fissuring, partial- and full-thickness chondral defects, and 
chondral shear injuries, can be evaluated with appropriate 
cartilage-sensitive sequences (Figs. 58.7 and 58.8) (1). 


E Various surgical repair techniques of articular cartilage 
defects are used, including subchondral microfracture, au- 
tologous chondrocyte implantation, cadaver allografts, and 
mosaicplasty, all of which can be successfully imaged with 
MRI postoperatively (13). 

E Lateral patellar dislocation is common in the young ath- 
letic population and associated with anterolateral femoral 
condylar and inferomedial patellar bone contusions and 
osteochondral injuries (Fig. 58.9). Associated medial patel- 
lofemoral ligament injury is common. 

E Proximal patellar tendinosis, as diagnosed on MRI, demon- 
strates localized hyperintensity and thickening of the proxi- 
mal patellar tendon near the origin at the inferior pole of the 
patella. Reactive marrow edema in the inferior pole of the 
patella can also be seen. Complete tears of the patellar ten- 
don or quadriceps tendon are diagnosed as focal tendinous 
discontinuity. 


FOOT AND ANKLE 








Figure 58.7: Sagittal intermediate-weighted MRI demonstrating a E Triplanar MRI of the foot and ankle is recommended for ad- 
full-thickness chondral defect (left arrow) with an associated chondral equate evaluation of the ligaments and tendons, osseous and 


flap tear (right arrow). articular structures, and adjacent soft tissues. Although foot 
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Figure 58.9: Axial fat suppression intermediate-weighted MRI of 

the knee demonstrating the sequela of recent lateral transient patellar 
dislocation with an anterolateral condylar bone contusion (vertical arrow) 
and inferomedial patellar osteochondral injury (horizontal arrow). 


and ankle MRI protocols vary, it is important to include a 
T2-weighted sequence without fat saturation, a STIR sequence, 
a short TE sequence in the axial plane, and a T1-weighted se- 
quence in particular for bone marrow evaluation. Typically, 
STIR sequences are preferred as a fluid-sensitive sequence 
over spectral fat suppression sequences in the ankle because 
the latter is more susceptible to regional field inhomogeneities, 
resulting in areas of failed fat suppression (2). 


E The ankle is one of the most frequently injured joints in the ath- 
letic population. The use of MRI in foot and ankle injuries in 
athletes has become common, allowing simultaneous evalua- 
tion of both osseous and soft tissue structures. Although less in- 
dicated in the acutely injured ankle, MRI evaluation of chronic 
ankle pain is useful for determining causes of pain or instability 
that are not readily apparent on clinical exam, including occult 
fractures or bone contusions, osseous stress injuries, osteo- 
chondral injuries, and tendinous or ligamentous injuries. 


E Stress and insufficiency fractures of the ankle and foot are 
common in athletes who typically have undergone a change 
in their training routines, wherein normal bone is exposed 
to repeated excessive stress. In a report of 320 cases of stress 
fractures in athletes, the most commonly injured bones in- 
cluded the tibia followed by the tarsals, metatarsals, fibula, 
and sesamoids (17). Stress fractures with high risk for po- 
tential nonunion or AVN include the tarsal navicular and 
sesamoid bones. Exercise- and sports-related stress fractures 
(and their common associated activity) include those of the 
metatarsals and calcaneus (military recruits), tarsal navicu- 
lar (runners), sesamoids (ballet dancers/runners, sprinters), 
and the fibula (ballet dancers/runners) (4,15,21). Initial 
radiographs of stress fractures are often negative, and be- 
cause of its high sensitivity and specificity, even exceeding 
that of bone scintigraphy, MRI is considered the modality of 
choice for confirmation of stress fractures in cases in which 


radiographs are normal or equivocal (19). MRI findings of 
stress fractures typically demonstrate marrow edema with a 
low signal intensity fracture line (Fig. 58.10) (32). 


Occult nondisplaced fractures can be missed on convention- 
al radiographs, such as calcaneal and talar fractures. MRI can 
help detect radiographically occult fractures of the ankle and 
foot by demonstrating a low signal intensity fracture line as- 
sociated with cortical disruption and marrow hyperintensity. 


Osteochondral lesions of the talus (OLTs) are articular surface 
impaction injuries that typically affect the talar dome because 
of ankle inversion injuries. OLTs, especially lower stage lesions, 
may not be well detected with conventional radiographs but 
are well depicted with MRI, and MRI allows accurate staging 
of OLTs into stable and unstable groups (Fig. 58.11) (19). 


On MRI, ligaments are seen as smooth, low-signal bands or 
thin strands on all sequences, with continuity from bone to 
bone. Sprains of the ankle ligaments are common and pre- 
dominantly involve the lateral collateral ligamentous complex 
(Fig. 58.12) and less often the distal syndesmotic ligaments 
and the medial deltoid ligament complex. Direct signs of 
acute ligament tears on MRI include abnormal morphol- 
ogy and increased signal abnormality within the ligament. 
Ligament discontinuity implies a complete tear. Chronic tears 
may demonstrate ligamentous thickening or thinning (22). 





Figure 58.10: Sagittal fat suppression intermediate-weighted MRI 
demonstrating a subacute nondisplaced metatarsal stress fracture. 
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Figure 58.12: Axial T1 MRI of the ankle demonstrating an acute mild 
sprain of the anterior talofibular ligament (arrow). The ligament remains 
intact with periligamentous edema. 
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Figure 58.11: Coronal fat suppression intermediate-weighted MRI 
demonstrating a medial talar dome osteochondral lesion. 





E An advantage of MRI includes depiction of other lesions associ- 
ated with ligamentous injury. Sinus tarsi syndrome (STS) is a 
clinical condition characterized by pain along the lateral aspect 
of the foot with associated hindfoot instability. STS may develop 
after an inversion injury and can be suggested on MRI when 
low-signal intensity fibrous scarring or inflammatory tissue re- 
places the normal fat signal intensity within the tarsal sinus and/ 
or when there is disruption of the sinus tarsi ligaments. 


E There are four main functional tendon groups about the ankle, 
which can be evaluated on MRI. Normal tendons about the 
ankle are uniformly low-signal intensity structures that are best 
evaluated in axial imaging or perpendicular to the long axis of 
the tendon. Tendon tears are diagnosed by observing fluid sig- 
nal intensity within the tendon or tendon fiber discontinuity. 
Tendinosis is characterized by variable tendinous thickening 
and increased signal intensity on short TE sequences (T1 and 
Intermediate weighted sequences). Tenosynovitis is inflamma- 
tion of the tendon sheath characterized on MRI by excessive 
fluid distention of the tendon sheath. Tendons commonly in- 
jured among athletes include the peroneus brevis and tibialis 
posterior tendons (TPT). 

E TPT tears, which generally occur in older athletes, are catego- 
rized as either partial tears (hypertrophic or atrophic types) or 
complete tears with tendon discontinuity. Injury of the TPT is 


important to recognize because insufficiency of the TPT can 
contribute to and is associated with abnormalities of the sinus 
tarsi and plantar fascia and can lead to loss of the longitudinal 
arch of the foot (flatfoot deformity) (Fig. 58.13) (11). 


Longitudinal split tears of the peroneal tendons, especially the 
peroneus brevis tendon, are increasingly recognized and are 
well depicted with MRI. Additionally, lateral dislocation of 
the peroneus brevis tendon from the retromalleolar groove 
can occur with disruption of the superior peroneal retinacu- 
lum, and therefore, tendon location should be evaluated. 


As the largest tendon in the body, the Achilles tendon is nor- 
mally seen as a thick low-signal intensity band inserting into 
the calcaneus. Tendinosis of the Achilles tendon is manifest 
on MR imaging by thickening and abnormally increased sig- 
nal on short TE sequences, findings common to tendinosis 
of most tendons. Achilles tendon injuries may be divided by 
location into insertional and noninsertional. Most sports- 
related Achilles tendon injuries consist of tendinosis and peri- 
tendinitis near the insertional region. Most Achilles tendon 
tears occur approximately 2—6 cm proximal to the calcaneal 
enthesis. MRI is useful to differentiate between partial and 
complete ruptures and demonstrates tendinous thickening 
and increased signal on T1- and T2-weighted sequences in 
the former and complete disruption of tendon fibers in the 
latter. Dystrophic calcifications and ossification within the 
tendon can be seen in cases of chronic tendinosis (30). 


Various ankle impingement syndromes can be evaluated with 
MRL In anterior impingement, marginal osteophytes at the an- 
terior margin of the tibiotalar joint may be seen in association 
with perifocal marrow edema. Posterior ankle impingement 
(PAI) refers to a group of pathologic entities resulting from 
repetitive forced plantarflexion of the foot (classically in ballet 
dancers) with the most common causes implicated including 
an os trigonum, elongated lateral tubercle (Stieda process), or 
prominent posterior process of the calcaneus. MRI findings of 
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Figure 58.13: A: Axial T1 MRI demonstrating evidence of tibialis posterior tendon (TPT) insufficiency with hypertrophic 
partial-thickness tearing of TPT (arrow). B: Sagittal T1 MRI of the same ankle demonstrating scarring within the sinus tarsi (arrow), 
a finding suggestive of associated sinus tarsi syndrome (STS) in this patient with TPT insufficiency. 


PAI typically show marrow edema within these osseous struc- 
tures with adjacent periostitis (33). Anterolateral impinge- 
ment may be implicated with a history of chronic anterolateral 
ankle pain and manifests on MRI as abnormal soft tissue mass 


or fibrous band in the anterolateral gutter (20). 





Figure 58.14: Sagittal fat suppression intermediate-weighted MRI 
demonstrating a plantar plate avulsion from the great toe proximal 
phalanx (turf toe). 


E Plantar fasciitis is a common overuse injury seen in athletes 


involved in running and jumping sports. Although essen- 
tially a clinical diagnosis, MRI may be helpful in clinically 
equivocal or refractory cases. Imaging findings include focal 
fascial thickening with intrafascial hyperintensity and peri- 
fascial edema, most commonly near the calcaneal insertion. 
Partial and complete fascial tears can also be diagnosed. 


The term “turf toe” refers to a sprain of the plantar capsu- 
loligamentous complex of the metatarsophalangeal joint of 
the great toe, which is due to severe dorsiflexion at the joint. 
With high-resolution MRI sequences, the osseous and cap- 
suloligamentous structures can be evaluated (Fig. 58.14) to 
help direct treatment and avoid further morbidity such as 
hallux rigidus and osteoarthrosis of the joint (8). 
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AVULSION FRACTURES AND 
APOPHYSEAL INJURIES 


History/Findings 


Avulsion fractures about the hip and pelvis are the result of 
failure of the bone at the tendinous insertion rather than the 
tendon itself. These injuries are more common in skeletally 
immature athletes with open apophyses that are more sus- 
ceptible to failure than the tendinous insertion. These are 
usually the result of a sudden, forceful concentric or eccen- 
tric contracture or rapid, excessive passive lengthening. 


Common sites of these avulsions about the pelvis are the inser- 
tion of the sartorius into the anterior-superior iliac spine, the 
rectus femoris superior head insertion into the anterior-inferior 
iliac spine, and the insertion of the hamstrings into the ischial 
tuberosity. These injuries are also seen in the proximal femur 
with the insertion of the hip abductors into the greater trochan- 
ter and the insertion of the iliopsoas into the lesser trochanter. 
Radiographs may show avulsions that involve the bone. 
Magnetic resonance imaging (MRI) is a more sensitive test 
and can demonstrate the extent of injury to the muscle. 


Treatment 


Nonsurgical management has been the mainstay of treat- 
ment in most series with good to excellent results reported. 


Indications for surgery include complete ruptures of the 
origin of the hamstring with retraction in active patient with 
functional disability, chronic ruptures associated with sciatic 
nerve compression, and large bone avulsion fragment that 
results in discomfort with sitting (8); however, most authori- 
ties do not recommend surgery for these injuries. 

Metzmaker and Pappas (12) defined a rehabilitation treat- 
ment protocol for these injuries including (a) rest, using 
proper positioning to unload the injured apophysis and 
ice/analgesics; (b) initiation of gentle active and passive 
range of motion (ROM) exercises; (c) progressive resistance 
beginning when 75% of motion is achieved and ending 
when 50% of strength is returned; (d) integration of stretch- 
ing and strengthening exercises with functional activity; and 
(e) return to competitive sport at 8—10 weeks. Skeletally im- 
mature patients are also susceptible to chronic traction inju- 
ries at these apophyses, and this is referred to as apophysitis. 
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Apophysitis is treated conservatively with rest followed by 
functional rehabilitation of the involved muscle group. 





STRESS FRACTURES 





Pelvis 


Pelvic stress fractures should be suspected in athletes such as 
long-distance runners and military recruits. The most com- 
mon site is the junction between the ischium and inferior 
pubic ramus. Tenderness to palpation directly over the frac- 
tured bone can be helpful in locating the lesion. A positive 
standing sign has been described in which a patient develops 
discomfort in the groin while standing unsupported on the 
ipsilateral leg. 

Plain radiographic signs, such as periosteal reaction or frac- 
ture line, can lag behind the clinical presentation by as long as 
3 weeks. MRI and bone scan can provide an earlier diagnosis. Tu- 
mors should at least be considered in the differential diagnosis. 


Treatment consists of rest with emphasis on protected 
weight-bearing, flexibility, and aerobic nonimpact exercises 
such as swimming or cycling. Return to sport can be delayed 
up to 6 months. 


Femoral Neck 


Although femoral neck stress fractures are not as common 
as pelvic stress fractures, if treated incorrectly, the results 
can be disastrous. Similar to pelvic stress fractures, these 
present with groin pain and an antalgic gait. Pain will be 
worsened by flexion and internal rotation of the hip. Again, 
radiographic evidence may lag behind by 3—4 weeks. MRI 
and bone scan may be helpful in earlier diagnosis. 

Two types of femoral neck stress fractures exist. The first type 
is a compression-side femoral neck stress fracture. This occurs 
in the inferior medial aspect of the neck and usually respond 
to restriction to non—weight-bearing status until radiographic 
evidence of healing has occurred. The more worrisome type is 
the tension-side femoral neck stress fracture. This is a trans- 
verse fracture along the superior margin of the neck. Internal 
fixation is recommended for nondisplaced fractures. Immedi- 
ate closed or open reduction and internal fixation is recom- 
mended for displaced fractures. Fracture displacement can 
lead to avascular necrosis of the femoral head (3). 
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SOFT TISSUE INJURIES 





HIP POINTER 





Muscle Strains 


Soft tissue injuries to the periarticular structures surround- 
ing the hip and pelvis are the most common injuries seen in 
athletes. In general, the great majority of soft tissue injuries 
about the hip and pelvis are musculotendinous strains. 

The type of injury sustained is highly dependent on (a) skel- 
etal age of the athlete, (b) physical condition, and (c) bio- 
mechanical forces involved in both the sport and nature of 
the trauma. The degree of injury can range from repetitive 
microinjury associated with each performance to a more sig- 
nificant single macroinjury caused by an abnormal biome- 
chanical force. A certain degree of microtrauma occurs with 
every major exertional performance immediately manifested 
by swelling, sensitivity, and a recovery interval. If additional 
moderate or severe microinjury or macroinjury occurs, there 
may not be a normal healing response, which may lead to 
more significant changes in tissue structure and a negative 
effect on future athletic performance (4). 


A strain is an injury to a musculotendinous structure caused by 
an indirectly applied force. The most common mechanism of 
injury is a result of eccentric contraction or stretching of an acti- 
vated muscle. The site of injury is influenced by the rate of load- 
ing, mechanism of injury, and local anatomic factors. Low rates 
of loading will result in a failure at the tendon—bone junction by 
bone avulsion or disruption at its insertion. High rates of loading 
result in intratendinous or myotendinous juncture injuries. 
These injuries can be graded on a 3-scale clinical grading sys- 
tem. Grade 1 injuries involve a simple stretching of soft tissue 
fibers. Grade 2 strains involve partial tearing of the musculo- 
tendinous unit; and grade 3, which are unusual, are second- 
ary to extreme violent forces causing complete disruptions. 


Contusions 


Among the most frequently experienced hip and pelvic inju- 
ries sustained by athletes are soft tissue contusions. Contu- 
sions usually result from direct blows to a specific soft tissue 
area usually overlying a bony prominence. Contusions are 
most common in contact sports, especially football, but are 
also seen in other sports as well. In contact sports, the blow 
is usually caused by contact with another athlete. In noncon- 
tact sports, athletes usually sustain blows from contact with 
equipment (gymnastics), contact with high-velocity projec- 
tiles (lacrosse ball), or contact from the playing surface. 

Contusions are often found over areas of bony prominences 
of the pelvis including the iliac crest (hip pointer), greater 
trochanter, ischial tuberosity, and pubic rami. Because of the 
varied anatomy of the pelvis, contusions can be superficial, es- 
pecially when they overlie a relatively subcutaneous bone or lie 
deep within a large muscle mass. It is important to determine 
possible presence and extent of muscular hemorrhage because 
an increase in muscular hemorrhage often results in more se- 
vere symptoms and longer time before returning to sport (4). 





E Pain and hemorrhage over the iliac crest have been referred to 
as a hip pointer. These injuries include contusions, avulsion 
of the iliac apophysis, periostitis, or avulsion of the muscles 
that insert onto the iliac crest. On physical examination, the 
patient will have superficial or muscular hemorrhage, which 
will be painful on palpation. It is important to note by touch a 
defect, which would indicate an avulsion injury. Patients will 
have difficulty with rotation and side bending of the trunk. 

 Anterior-posterior and oblique x-rays of the pelvis will rule 
out an avulsion fracture, periostitis, or an acute fracture of 
the iliac wing. 





HAMSTRING SYNDROME 





E Hamstring syndrome, described in track athletes, involves 
severe pain in and around the ischial tuberosity that radiates 
down the posterior aspect of the thigh to the popliteal area. 
Any activity that puts the hamstring in stretch can create this 
radiating pain. Sprinting, hurdling, and even sitting for long 
periods will cause pain. 

E Physical examination elicits exquisite tenderness at the ischial 
tuberosity and, at times, reproduction of sciatic pain with 
percussion of the nerve at the ischial tuberosity. Resisted leg 
extension will reproduce the pain. The sciatic nerve is thought 
to be entrapped between the semitendinosus and the biceps 
femoris by a fibrous band that constricts the 2 muscles (4). 





THIGH CONTUSIONS/QUADRICEPS 
INJURY 





Thigh contusions are common athletic injuries, most often 
encountered in football from direct trauma. These injuries 
can involve significant muscular damage, hematoma forma- 
tion, and swelling. Therefore, the athlete can be extremely 
uncomfortable. 

E Initial treatment is rest, ice, and compression to minimize 
hematoma formation. Immobilization in flexion and initia- 
tion of early flexion exercises have been recommended to de- 
crease myositis ossificans formation and improve functional 
outcome (16). 





SPECIFIC CONDITIONS 





Athletic Pubalgia 


History/Findings 

E The term athletic pubalgia is often used interchangeably with 
sports hernia. It is a condition of chronic groin pain. The con- 
dition is common in soccer and ice hockey athletes. Typically, 
the patient reports activity-related pain that resolves with rest. 
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Most patients describe a hyperextension injury in association 
with hyperabduction of the thigh. Usually, the abdominal 
pain involves the inguinal canal near the insertion of the rectus 
abdominis muscle at the pubis. 


E Maneuvers that increase intra-abdominal pressure, such as a 
resisted sit-up, can reproduce the symptoms. A gross hernia 
is not detected. On imaging studies, 12% of patients have 
derangement of the insertion of the rectus on MRI. Adduc- 
tor longus inflammation can also be present. Dynamic ultra- 
sound can detect posterior wall defects. 


Pathophysiology 

E The rectus insertion on the pubis with or without the origin 
of the adductor longus tendon appears to be the primary site 
of pathology. 


E The proposed mechanism of injury involves repetitive hy- 
perextension of the trunk in association with hyperabduc- 
tion of the thigh pivoting on the anterior pelvis and pubic 
symphysis. Only a small percentage of patients are found to 
have occult hernia at the time of surgery. 


Treatment 


E The initial treatment of athletic pubalgia consists of rest, ice, 
compression, and elevation. There are medical grade com- 
pression shorts that can help alleviate symptoms. After the 
symptoms resolve, an overseen slow transition back to sport 
is employed. 

E Often athletes present for evaluation after exhaustion of 
nonoperative management. These patients are on the verge 
of cessation of sport. In this case, surgical options are dis- 
cussed. Many approaches have been tried in the treatment of 
sports hernia. Options include tissue repair, laparoscopic re- 
pairs, anterior repairs, and mesh repairs. The goal of surgery 
is repair or reinforcement of the anterior abdominal wall. 


Outcomes 


E With appropriate indications and surgical techniques, return 
to previous level of performance without pain has been re- 
ported at 80%-97% (14). 


Osteitis Pubis 


E Osteitis pubis is a painful inflammation of the pubis bone, 
symphysis, and surrounding structures. The pelvic pain can 
be sharp or aching. It originates over the symphysis and can 
radiate to the medial thigh along the adductor musculature. 


E Physical exam findings include the presence of a positive lat- 
eral compression test. With the patient in a lateral decubitus 
position, force is applied to the iliac crest. This should repro- 
duce the symptoms at the pubis. MRI and computed tomog- 
raphy (CT) findings consist of bone resorption, widening of 
the symphysis pubis, and periarticular sclerosis. 


Pathophysiology 

E The condition can be associated with a primary infection 
or secondary to repetitive microtrauma from the pull of the 
rectus muscle or gracilis. 


Musculoskeletal Problems in the Athlete 


Treatment 


E Nonoperative management is typically successful. A period 
of rest, ice, and compression is followed with a rehabilitation 
protocol. Core strengthening and stretch of the hamstrings 
is employed. If there is an infectious component, antibiotics 
are added. 

E After failure of nonoperative management, surgical alterna- 
tives include debridement of the joint with curette, arthrod- 
esis, and an either partial or complete resection of the joint. 


Outcomes 
E Surgical outcomes of osteitis pubis are variable (7). 


Trochanteric Pain Syndrome 


History/Findings 

E Trochanteric pain syndrome refers to pain at the lateral and 
posterior aspect of the hip. There are two related conditions 
that contribute to the symptoms. Trochanteric bursitis is an 
inflammation of the bursa overlying the trochanter. Patients 
are typically found to have a tight iliotibial (IT) band. This 
can be tested with the Ober test; taking the hip from exten- 
sion and abduction into an adducted position demonstrates 
tightness and an inability to reach the neutral position. 


E Gluteus medius syndrome is recognized as a common cause 
of posterolateral hip pain. It is an overuse syndrome that can 
lead to tendinosis and partial and complete tears of the ten- 
don. Single-leg squat or simulated stair step can reproduce 
the symptoms. Resisted abduction and external rotation 
from an internally rotated position also produce symptoms. 


Pathophysiology 

E Bursitis can be secondary to direct injury, overuse of the adja- 
cent musculotendinous structures, or degenerative changes in 
those structures. The bursa is lined with synovial tissue. Systemic 
conditions that lead to synovitis can affect the bursa as well. 


E Gluteus medius syndrome is an overuse injury to the tendon. 
It is common in women who participate in running or step 
aerobics. 


Treatment 


E In both conditions, the first line of treatment is activity modi- 
fication, ice, massage, and stretch of the involved muscle. Local 
anesthetic and steroid injection can be a useful clinical and 
therapeutic tool. Recalcitrant cases may require surgery to alle- 
viate the symptoms. The posterior aspect of the IT band can be 
lengthened or released for bursitis. The gluteus medius tendon 
may be debrided or repaired depending on the type of injury. 


Piriformis Syndrome 


History/Findings 

E Piriformis syndrome involves compression of the sciatic 
nerve as it exits deep to the piriformis muscle. Patients com- 
plain of pain in the sciatic nerve distribution. A history of an 
acute injury to the buttock is common. 


E On physical exam, the low back should be examined to rule out 
more proximal nerve root impingement. In the case of piri- 
formis syndrome, typically the area of maximal tenderness is 
over the piriformis muscle in the gluteal area. Provocative tests 
include Pace sign — pain and weakness on resisted abduction 
and external rotation of the thigh. Forced internal rotation on 
an extended thigh can also reproduce the symptoms. 


E An MRI can demonstrate sciatic nerve inflammation in the 
area of the piriformis tendon. Depending on the cause of the 
syndrome, myopathic and neuropathic changes can be present 
on electromyographic studies including a prolonged H-reflex. 


Pathophysiology 

E Piriformis syndrome can be caused by a traumatic injury to 
the piriformis muscle that leads to hypertrophy and impinge- 
ment of the sciatic nerve. There can also be anatomic varia- 
tions that contribute to the development of the syndrome. 


E Examination of the relationship between the muscle and 
nerve in 240 cadavers revealed that, in 90% of cases, the sci- 
atic nerve emerges from below the piriformis muscle; in 7%, 
the piriformis and the sciatic nerve are divided, with one 
branch of the sciatic nerve passing through the split and the 
other branch passing distal to the muscle; in 2%, only the 
sciatic nerve is divided; and in 1%, the piriformis is divided 
by the sciatic nerve (1). 


Treatment 


E Treatment of piriformis syndrome with a history of trauma 
is directed toward soothing the muscle. Anti-inflammatory 
medications and muscle relaxants can provide relief. Directed 
massage, heat, and ultrasound can help to break up scar tissue. 
Physical therapy can assist with these modalities as well as mus- 
cle stretch and activity modification. Often muscle imbalance is 
a contributing factor. Injections of anesthetic and cortisone can 
help with diagnosis and provide therapeutic benefit. 

E If these treatments fail to provide relief, surgery can evaluate 
the relationship between the piriformis muscle and the sci- 
atic nerve. The nerve can be decompressed, and the muscle 
can be released to provide relief. 


Outcomes 


E Benson and Schutzer (2) reported the results of 15 cases of 
traumatic piriformis syndrome. They had 11 excellent and 
4 good results with clinical follow-up at 2 years. 


Internal/External Snapping Hip 


History/Findings 

E A snapping hip, or coxa saltans, refers to the catching of a 
muscle as it crosses the hip joint. The two most common 
muscles that can get caught are the IT band as it crosses the 
greater trochanter and the iliopsoas as it crosses over the an- 
terior hip joint. 

E The posterior aspect of the IT band catches at the greater tro- 
chanter at the outside of the hip joint and is referred to as an 
external snapping hip. The patient is often able to make the 
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hip snap. Visually, it can appear dramatic and be confused 
with a subluxing hip. Over time, the catching can lead to ir- 
ritation at the trochanteric bursa. 

The internal snapping hip involves the iliopsoas getting 
caught as it crosses the iliopectineal eminence. The internal 
snapping hip is often associated with an audible “pop.” The 
bursa around the muscle can be irritated over time and lead 
to pain. The snap is reproduced when taking the hip from 
flexion, abduction, and external rotation to a neutral extend- 
ed position. MRI is useful to rule out other conditions and 
can demonstrate associated bursitis. 


Pathophysiology 
E Both snapping hip conditions are associated with tight 


muscles. In adolescents, a growth spurt can precede the de- 
velopment of the muscle tightness. Typically, the snapping 
muscle does not cause pain, but over time, the compression 
and shear across the bursa can lead to the development of 
irritation and bursitis, which is painful. 

In each condition, it is important to rule out additional pa- 
thology. The external snapping hip can be associated with 
tears of the gluteus medius. Both the gluteus medius and the 
IT band assist in abduction of the hip. If surgical interven- 
tion is considered, a tear must be ruled out first. 


The internal snapping hip is common in cases of intra- 
articular pathology. The iliopsoas or hip flexor crosses di- 
rectly over the anterior superior labrum. An intra-articular 
hip derangement can lead to an effusion that exacerbates the 
symptoms. Conditions such as loose bodies, labral tears, and 
impingement should be ruled out in a persistent symptom- 
atic internal snapping hip. 


Treatment 


E Initial management focuses on treatment of the muscle tight- 


ness. Physical therapy is an essential adjuvant to selectively 
stretch the responsible muscle and tendon. Deep massage and 
ultrasound can assist in alleviating symptoms. An elastic spica 
wrap or medical grade compression shorts help to control 
symptoms while stretching the muscles. IT band syndrome 
and external snapping hip are associated with hill training. 
Activity modification and cross-training assist in reducing 
symptoms. When the condition has become painful, steroid 
injections can decrease the inflammation of the bursa. 


With failed nonoperative management, there are a number 
of surgical interventions that can lengthen the muscle and 
address the bursa. More recently, these procedures have been 
performed endoscopically with encouraging results. 


Outcomes 
E [lizaliturri and Camacho-Galindo (9) reviewed their results of 


both endoscopic IT band releases and iliopsoas releases. With 
at least 2 years of follow-up, 10 patients with endoscopic release 
of the IT band had resolution of pain. One patient had a pain- 
less snapping hip (10). For the hip flexor release, 6 patients were 
followed for at least 2 years. All patients had complete relief of 
symptoms. There was no residual flexion weakness (11). 
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Femoroacetabular Impingement 


History/Findings 


Femoroacetabular impingement is an abnormal contact between 
femur and acetabulum, specifically the anterosuperior femoral 
head/neck and acetabulum rim. This abnormal contact can lead 
to damage to the labrum and chondral surface over time. 


Patients typically present in young to middle age with de- 
creased ROM and progressive groin pain exacerbated with 
physical activity. The abnormal contour of the hip is not by 
definition painful, but the lesions to the cartilage and labrum 
result in symptoms. 

On physical exam, pain in the groin and catching with flex- 
ion, adduction, and internal rotation are associated with 
chondral damage and labral injury at the anterolateral rim 
of the acetabulum. Often patients describe the discomfort as 
deep within the hip by cupping their hand; this is referred to 
as the “C” sign. Decreased ROM with flexion, abduction, and 
external rotation is also indicative of impingement. 


Plain films can demonstrate an abnormal orientation of the 
acetabulum and contour of the femoral head—neck junction. 
CT scans with three-dimensional reconstructions are useful 
to evaluate the relationship between the acetabulum and fem- 
oral head—neck junction for abnormal cases of impingement. 
An MRI arthrogram is necessary to evaluate soft tissue dam- 
age to the labrum and articular surface of the acetabulum. 


Pathophysiology 


The two components of femoroacetabular impingement 
are impingement from the acetabulum, or “pincer,” and im- 
pingement from the femoral head neck junction, or “cam.” 
Pincer impingement is the result of a deep acetabulum (coxa 
profunda) or abnormal orientation of the acetabulum re- 
sulting in anterior overcoverage (acetabular retroversion). 
Cam impingement is typically an aspherical contour of the 
anterolateral head—neck junction. This can be visualized on 
the frog leg lateral view of the femur and the axial images of 
a CT scan or MRI. 

Most patients present with a mixture of cam and pincer impinge- 
ment. The abnormal anatomy can be congenital or acquired (18). 


Treatment 


Treatment is dependent on the degree of abnormal anatomy 
and the patient goals. The use of an anti-inflammatory med- 
ication to calm down the soft tissue irritation followed by 
physical therapy to strengthen the surrounding musculature 
and adjust pelvic tilt to avoid the abnormal contact is the first 
line of treatment. 


Often, these patients present after months or years of pain 
and limitation. In these cases, the nonoperative modalities 
can exacerbate the symptoms and necessitate surgery. In the 
past, the impingement was treated with open surgical dislo- 
cation of the hip and osteoplasty of the femur and acetab- 
ulum. Within the last 15 years, many of the procedures to 
address the abnormal anatomy and soft tissue injuries have 
been performed arthroscopically (17). 


Musculoskeletal Problems in the Athlete 


Outcomes 


The midterm results of both open and arthroscopic proce- 
dures are directly related to the degree of osteoarthritis at 
the time of surgery. Patients with minimal arthritis treated 
arthroscopically have demonstrated good and excellent re- 
sults after 3 years of follow-up with significant improvement 
in pain and function (15). 


Acetabular Labral Tear 


History/Findings 


The labrum is the fibrocartilaginous rim around the articular 
surface of the acetabulum. Biomechanic studies have shown 
that it has little function in distribution of forces or in stability. 
The labrum does have significant function as a hydraulic seal. 


The clinical findings depend on the location of the labral tear 
and can be variable. Groin pain and mechanical symptoms 
with flexion, adduction, and internal rotation are indicative 
of an anterior-superior lesion. 

An MRI arthrogram with radial reconstructions is the study 
of choice to evaluate the labrum. Fluid can be seen tracking 
under the injured labrum. 


Pathophysiology 


Labral tears can be the result of abnormal morphology such 
as femoroacetabular impingement or normal anatomy that is 
placed in supraphysiologic positions. Isolated labral tears are 
common in elite athletes and dancers who present with groin 
pain. These injuries can also be seen in acute trauma, such as 
a hip dislocation or subluxation. Isolated labral tears are rare 
in patients who present with an insidious onset of pain. In 
these cases, it is important to rule out associated conditions 
such as femoroacetabular impingement. Degenerative tears 
of the labrum occur with the progression of osteoarthritis. 


Treatment 


Initial management of labral tears consists of rest, anti-in- 
flammatory medications, and physical therapy followed by a 
slow transition back to sport. 


If the symptoms fail to resolve with rest or recur with advanc- 
ing activity, surgical management is a consideration. The ma- 
jority of the treatments to address the labrum can now be 
performed arthroscopically. The choice of a removal of the 
irritated portion of the labrum versus repair is dependent on 
a number of factors including the location of the tear, age of 
the patient, chronicity of the injury, and associated findings. 


Outcomes 


A recent study with 10-year follow-up demonstrated 82% 
continued successful outcomes in patients treated with labral 
debridement in the absence of osteoarthritis (5). Long-term 
results of arthroscopic repair have not been reported to date. 
Conceptually, it would make sense that restoration of the 
anatomy and maintenance of the fluid seal would be benefi- 
cial. Regardless of the whether the labrum is repaired or re- 
moved, it is essential that additional pathology be diagnosed 
and addressed at the time of surgery. 


Loose Bodies 


History/Findings 

E Loose bodies are common after acute trauma to the hip in- 
cluding subluxations and dislocations. In the setting of dis- 
location, the incidence has been reported at 92% (13). The 
patient typically reports mechanical symptoms, including 
locking, catching, or clicking. 

E Plain films, CT, and MRI can demonstrate the presence of 
loose bodies. 


Pathophysiology 

ŒE The overall stability of the hip joint is related to the bony 
congruency. With a traumatic dislocation, the force at the 
edge of the acetabulum can lead to a fracture or commonly 
a shear injury to the cartilage at the edge of the acetabulum. 
With reduction of the dislocation, those fragments can be 
caught within the joint. Even without radiographic evidence 
of loose bodies, arthroscopic evaluation can demonstrate 
fragments in the joint. 


E Other atraumatic conditions that are associated with loose 
bodies include synovial chondromatosis, dislodged osteo- 
phytes, and foreign bodies. 


Treatment 


Œ Mechanical symptoms in the presence of a corresponding 
clinical history are an indication for arthroscopic evaluation. 


Ruptured Ligamentum Teres 


History/Findings 

E The ligamentum teres is the connection between the cotyloid 
fossa of the acetabulum and the fovea capitis of the femoral 
head. It provides blood supply to the developing hip. After 
adolescence, the function of the structure is not fully known. 
It is postulated that it provides additional stability and resists 
dislocation forces at the hip. Injury to the ligamentum teres 
results in catching, popping, locking, and giving way. These 
findings are common in intra-articular pathology. 

ŒE There is no a physical exam test that is pathognomonic for 
ligamentum teres injury. Imaging findings can be variable 
as well. In a study by Byrd and Jones (6), the diagnosis was 
made preoperatively in 2 of 23 patients. 


Pathophysiology 

E Disruption of the ligamentum teres is common after trauma 
and hip dislocation, but it can occur without dislocation as 
well. The structure is tight in adduction, flexion, and external 
rotation. Acute disruptions are believed to occur with exag- 
gerated adduction and external rotation. 


Treatment 


E The symptoms associated with an injury to the ligamentum 
teres are believed to be secondary to hyperplasia of the sur- 
rounding tissue and soft tissue impingement. Initial manage- 
ment should consist of modalities to rest the hip and control 
inflammation. 
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E Arthroscopic management consists of debridement of the 
torn fibers of the ligamentum teres. 


Outcomes 


E Byrd and Jones (6) published the results of their experience 
in 23 cases of traumatic tears. The results demonstrated a 
significant improvement in pain and function. 
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INTRODUCTION 





The meniscus plays an important role in weight distribution, 
reduction in joint contact stresses, joint stabilization, and en- 
ergy absorption (2,9,11,20,26). Injury to the meniscus can 
result in marked physical impairment. 

Once thought to be a vestigial organ, it is now recognized 
that meniscectomy often leads to a recognizable pattern of 
joint deterioration including joint space narrowing, osteo- 
phyte formation, and squaring of the femoral condyles (9). 
Meniscal preservation is the goal of new surgical procedures. 


Arthroscopy facilitates optimal treatment of meniscal tears 
with minimally invasive techniques. 





ANATOMY AND BASIC SCIENCE 





Each of the medial and lateral compartments of a knee has an 
intervening meniscus located between the femur and tibia. 
The menisci are peripherally thick and convex and centrally 
taper to a thin free margin (2). 

The meniscal surfaces conform to the femoral and tibial 
contours. 

Each meniscus has anterior and posterior bony attachment 
sites. 


Medial Meniscus 


The medial meniscus is semicircular, crescent-shaped, and 
measures approximately 3.5 cm in length. 

The medial meniscus covers 50%—60% of the medial tibial 
plateau. The posterior horn is wider than the anterior horn 
in the anteroposterior (AP) dimension (20,26). 

The attachment site for the anterior horn is variable, in the 
area of the intercondylar fossa in front of the anterior cruci- 
ate ligament (ACL), often to the anterior surface of the tibial 
plateau. 


The posterior fibers of the anterior horn merge with the 
transverse fibers of the intermeniscal ligament, which con- 
nects the anterior horns of the medial and lateral menisci. 
The intermeniscal ligament is located approximately 8 mm 
anterior to the ACL (2). 
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The posterior horn is firmly attached to the posterior inter- 
condylar fossa of the tibia, anterior and medial to the poste- 
rior cruciate ligament attachment site (2). 

The periphery is attached to the capsule throughout its 
length, and the tibial portion of this attachment is called the 
coronary ligament. In addition, at its midpoint, the medial 
meniscus is firmly attached to the femur and tibia through a 
condensation of the joint capsule known as the deep medial 
collateral ligament (26). 


Lateral Meniscus 


The lateral meniscus is almost circular in gross morphology 
and covers 70%-—80% of the lateral tibial plateau (2,26). 

The lateral meniscus is nearly uniform in width from front to 
back. 

The bony attachments of the lateral meniscus are much 
closer to each other than those of the medial meniscus. The 
anterior horn inserts adjacent to the ACL, and the posterior 
horn inserts just posterior to the ACL, anterior to the poste- 
rior horn of the medial meniscus. 

There is a loose peripheral attachment of the lateral menis- 
cus to the joint capsule that allows greater translation of the 
lateral meniscus, when compared to the medial meniscus 
(11.2 vs. 5.2 mm) (2). 

The area of the lateral meniscus with no coronary ligament 
attachment, anterior to the popliteus tendon, is called the 
bare area of the lateral meniscus, or popliteal hiatus. 


Lateral Meniscus Attachments 


Motion of the lateral meniscus is guided by the capsular 
attachments, as well as additional ligamentous attachments. 
These ligaments include the meniscofemoral ligaments 
(MFLs) and the anterior inferior and posterior superior 
popliteomeniscal fascicles from the popliteus muscle. 

The posterior horn has variably present attachments to the 
medial femoral condyle through the MFLs. The MFLs origi- 
nate from the posterior horn of the lateral meniscus. 


The anterior MFL (of Humphrey) passes anterior to the 
posterior cruciate ligament (PCL) to insert on the femur 
between the distal margin of the femoral attachment of the 
PCL and the edge of the condylar articular cartilage. 


The posterior MFL (of Wrisberg) passes posterior to the PCL 
to insert at the proximal margin of the femoral attachment 
of the PCL. 


The overall incidence of at least one MFL is 91%. In the 
knees demonstrating at least one structure, the incidence 
of an anterior MFL is 48.2%, and the incidence of posterior 
MEL is 70.4%. The incidence of both ligaments coexisting in 
one knee is 31.8% (13). 


Meniscal Variants 


Discoid variants occur with an estimated incidence of 3.5%- 
5.0%, most commonly the incomplete type (11). 

Discoid meniscus is almost universally located in the lateral 
compartment. 

Three types exist — incomplete, complete, and Wrisberg. 
Both the incomplete and complete types have firm posterior 
tibial attachments and are considered stable. 

The Wrisberg variant occurs when the posterior horn bony 
attachment is absent, and the posterior MFL of Wrisberg is 
the only stabilizing structure (11). 


Microscopic Anatomy 


The menisci are fibrocartilaginous tissue comprised of cells 
interspersed in a matrix largely composed of collagen bun- 
dles, along with noncollagenous proteins including elastin 
and proteoglycans. 

Two cell types are present — a more fusiform, fibroblastic 
cell, and a more rounded, chondrocytic cell. 

Water constitutes 72% of the extracellular matrix, and col- 
lagen makes up 75% of the dry weight (20). 

Elastin is estimated to be less than 0.6%, and noncollagenous 
proteins 8%—13%, of the meniscus dry weight in humans (20). 
Type I collagen represents 90% of collagen present, and types 
Il, HL V, and VI are present in varying quantities depending 
on location and age (20). 

The principle orientation of collagen fiber bundles is circum- 
ferential, with few radially directed “tie” fibers. Tie fibers pro- 
vide structural rigidity to help resist forces that would split 
the circumferential fibers with compressive loading (2,20). 
Fiber orientation changes with depth from the surface. Sur- 
face fibers are arranged as a network of irregularly oriented 
bundles. The deeper fibers are primarily circumferential (20). 


Neurovascular Anatomy 


Both medial and lateral menisci demonstrate an extensive 
microvascular network, arising from the respective superior 
and inferior geniculate arteries (16,26). 

The perimeniscal capillary plexus is oriented circumferen- 
tially and branches extensively into smaller vessels to supply 
the peripheral border of the meniscus through its attach- 
ment to the capsule. 
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The branches terminate after supplying the peripheral 10%- 
30% of the meniscus, leaving the remainder avascular (16,20). 
Free nerve endings and specialized end-receptors are present 
within the menisci. The most densely innervated regions are 
the anterior and posterior horns of both menisci (20). 
Nerve fibers originate in the perimeniscal tissues and radiate 
into the peripheral 30% of the meniscus. 

Three receptor types have been identified — Ruffini endings, 
Golgi tendon organs, and Pacinian corpuscles. 

It is hypothesized that the nerves play a proprioceptive role 
in normal joint function. Meniscal-derived signals generated 
during deformation and loading may be important to joint 
position sense and for protective neuromuscular reflex con- 
trol of joint motion and loading (20). 


Nutrition of the Menisci 


The bulk of meniscus nutrition is supplied by the synovial 
fluid, most notably to the avascular regions. 

Nutrients reach the tissue via passive diffusion and mechanical 
pumping with intermittent compression during loading (20). 





BIOMECHANICS AND MENISCAL 
FUNCTION 





The menisci serve in load transmission, shock absorption, 
lubrication, prevention of synovial impingement, synovial 
fluid distribution, stability, and improved gliding motion (26). 
Long-term follow-up demonstrates that virtually all knees 
after total meniscectomy develop degenerative changes, and 
this is less frequent after partial meniscectomy (1,9). 


Meniscus Motion 


With knee flexion from 0-120 degrees, the menisci move 
posteriorly. In the midcondylar, parasagittal plane, the me- 
dial meniscus moves approximately 5.1 mm, and the lateral 
meniscus moves 11.2 mm (2). 

The medial meniscus lacks the controlled mobility of the lat- 
eral meniscus. 

Posterior motion of the medial meniscus is guided by the 
deep medial collateral ligament and semimembranosus, 
whereas anterior translation is caused by the push of the an- 
terior femoral condyle (33). 

The posterior oblique fibers of the deep medial collateral 
ligament limit motion in rotation, and therefore, the medial 
meniscus is at increased risk of tear (2,16). 

The lateral meniscus is stabilized, and motion guided, by the 
popliteus tendon, popliteomeniscal ligaments, popliteofibu- 
lar ligament, MFLs, and lateral capsule. 

Meniscal motion allows continued load distribution during 
changes of position of the joint, during which the radius of 
curvature of the femoral condyles changes (33). 


Medial meniscus tears are more common than lateral tears, 
and tears are most frequently located in the midportion and 
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E The medial meniscus provides greater restraint to anterior 


translation than the lateral meniscus by acting as a buttress 
(17,18). 

ACL-deficient knees demonstrate increased anterior trans- 
lation when subjected to an anteriorly directed force, and 
this translation increases significantly with combined men- 
iscectomy at all angles of flexion. This confirms the role of 
the ACL as a primary restraint to anterior translation and 
demonstrates that the medial meniscus acts as a secondary 
stabilizer to resist anterior translation (18). 


With sufficient anterior translation (in the ACL-deficient knee), 
the posterior horn of the medial meniscus is wedged between 
the tibial plateau and the femoral condyle and is the mecha- 
nism suggested for the resistance provided by the meniscus. 


In contrast, the soft tissue attachments of the lateral menis- 
cus do not affix the lateral meniscus as firmly to the tibia. 
Combined lateral meniscectomy and ACL sectioning does 
not increase anterior translation significantly over ACL sec- 
tioning alone. This implies that the greater mobility of the 
lateral meniscus prevents it from contributing as efficiently 
as a posterior wedge to resist anterior translation of the tibia 
on the femur (17). 


Additional Functional Roles of the Menisci 


The menisci serve additional functional roles, including load 
bearing and shock absorption (26). The menisci transmit 
large loads across the joint, and their contact areas change 
with different degrees of knee flexion and rotation. 

Up to 50%—70% of compressive load is transmitted through 
the menisci in extension, and 85% at 90 degrees of flexion 
(2,11,16,26). 

Removal of a portion of the meniscus results in a decreased 
contact area between the femur and tibia. Medial meniscec- 
tomy decreases the contact area by up to 70%. 


Resection of as little as 15%—34% of the meniscus results in 
increased contact pressure by up to 350% (33). 





EPIDEMIOLOGY 





The annual incidence of meniscal injury is 60-70 per 
100,000 persons (11). 

Meniscus injury is more common in males, with a male-to- 
female ratio between 2.5:1 and 4:1 (11). 


Approximately one-third of all tears are associated with ACL 
injury, and approximately 80% of repairable meniscal tears 
occur during ACL injury (16). 

Meniscal tears are also commonly associated with tibia pla- 
teau fractures and femoral shaft fractures. 

Degenerative tears peak in the fourth through sixth decade 
in men and remain relatively constant after the second de- 
cade in women (11). 


posterior horns of the meniscus. 


Medial meniscal tears are more commonly longitudinal type, 
whereas laterally, a radial component is more frequent (16). 





DIAGNOSIS OF MENISCAL INJURY 





History 


Meniscal injury during sport occurs most frequently during 
noncontact cutting, deceleration, hyperflexion, or landing 
from a jump. 

Degenerative meniscal injury with aging (> 40 years) often 
occurs after trivial insult. The tear may not be noticed at the 
time of injury. The mechanical symptoms that follow often 
trigger the patient to seek attention. 

Mechanical symptoms of popping, catching, locking, or 
buckling, along with joint line pain, are suggestive of menis- 
cal tear. These are nonspecific symptoms and may be second- 
ary to chondral injury or patellofemoral chondrosis (11). 
Mild synovitis often results from the injury, with swelling 
present for several days after the event. The synovitis may be 
recurrent and activity related. 

An audible pop at the time of injury is more characteristic of 
an ACL tear; however, a meniscus tear is commonly present 
in this scenario. 


Immediate swelling suggests bleeding and is frequently not 
present after isolated meniscus tear; however, it may be pres- 
ent with a more peripherally based tear. 

A delayed effusion is more characteristic of meniscus injury, 
with the production of reactive joint fluid. 

The reporting of loss of motion with a sensation of a me- 
chanical block to extension is suggestive of a displaced 
meniscus tear (11). 

A history of a snapping or popping knee may suggest a dis- 
coid variant. Mechanical symptoms present in childhood or 
adolescence, without a history of trauma, should raise the 
suspicion of the presence of a discoid meniscus (26). 

The complete history should include assessment of the pa- 
tient’s lifestyle, activity level, occupation, and medical his- 
tory. Younger, more active individuals often require more 
aggressive management. 


Physical Examination 


Examination begins with evaluation of gait. A limp is com- 
mon after meniscus tear, and pain after an acute injury may 
result in the inability to bear weight. 

Inspection of the knee includes evaluation for an effusion, as 
well as thigh asymmetry in the setting of a chronic tear. 


Range of motion is assessed in comparison to the oppo- 
site extremity. A displaced tear may block the knee from 


achieving full extension, as well as impair flexion. A mechan- 
ical block to motion is termed the locked knee. 


E Palpation of the joint lines is performed in an effort to elicit 
tenderness and may be the best clinical sign of a tear, with 
74% sensitivity and 50% positive predictive value (11). 

E Pain at terminal flexion or extension may be present, de- 
pending on the location of the tear. 


E The McMurray test is performed with the patient supine. 
The hip and knee are flexed, and the foot is alternately inter- 
nally and externally rotated during application of a circum- 
duction maneuver to the knee. Concurrently, the examiner 
palpates the posterolateral and posteromedial joint lines. 


E Medial meniscal injury is tested by extending the knee with 
the foot externally rotated. Lateral meniscal injury is assessed 
with the foot internally rotated. 


E A palpable and audible clunk is considered a positive Mc- 
Murray test. A true positive test is uncommon, even in the 
presence of a tear, but is nearly 100% specific. The sensitivity 
of the test is as low as 15% (11). More commonly, the test 
elicits pain (27). 

H Cysts at or below the joint line may be palpable and are highly 
correlated with meniscal tears, most commonly lateral (11). 

E No clinical examination finding is consistently predictive of 
meniscus tear; however, the combination of several positive 
tests from the following list is highly predictive of meniscus 
tear: joint line tenderness, pain on forced flexion, positive 
McMurray test, and a block to extension. 

E Sensitivity of thorough examination reaches 95% and speci- 
ficity 72% (11). 

E Confounding diagnoses include fibrotic plica, fat pad im- 
pingement, chondral lesions, and synovitis (11). 


Imaging 


E Diagnostic studies should begin with plain radiography. 
Radiographs are assessed for associated skeletal injury, loose 
bodies, and presence of degenerative changes. 


E Radiographs should include a 45-degree flexed knee postero- 
anterior weight-bearing view for individuals who may have 
knee arthrosis. Flexion weight-bearing views allow evalua- 
tion of the posterior tibiofemoral contact region, which is 
most frequently involved in early degenerative arthritis. 
Identification of arthrosis may have significant influence on 
treatment planning. 


E Arthrograms are generally reserved for individuals for 
whom magnetic resonance imaging (MRI) is not possible. 
This includes individuals with metal implants (pacemaker, 
aneurysm clips, foreign body, and the like), individuals too 
large for the MRI equipment, or individuals with severe 
claustrophobia. 

E MRI is the diagnostic modality of choice to evaluate the 
menisci. 


ŒE Accuracy of modern MRI scans in detection of meniscus 
tears approaches 95% (11). 
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E MRI studies have shown that the meniscal substance is not 
always homogeneous. 


E Abnormal signal has been found in up to 30% of asymptom- 
atic patients without any history of knee injury (26). 

E Normal anatomic structures adjacent to the meniscus, such 
as the intermeniscal ligament and hiatus for the popliteus 
tendon, can be a source of confusion in interpretation of 
MRI scans (11). 


E False-positive results occur more frequently than false- 
negative results, which emphasize the need for clinical cor- 
relation. 

E Routine preoperative MRI scan does not significantly im- 
prove diagnostic accuracy over clinical examination alone 
(22). Each has accuracy in competitive athletes of approxi- 
mately 90% (23). 

E MRI does provide information regarding the extent of 
the tear and identification of occult chondral and osseous 
injuries. 

E Judicious use of MRI is recommended, particularly in pa- 
tients in whom arthroscopic surgery is anticipated. 


MRI Interpretation 


Œ Meniscal signals as shown by MRI have been classified into 
4 grades. 
E Grade 0 signal: Uniformly low signal intensity (normal 
meniscus). 
E Grade I signal: Irregular increases in intrameniscal signal. 
E Grade II signal: Linear increases in intrameniscal signal, 
not communicating with the superior or inferior menis- 
cal surface. 
E Grade III signal: Abnormal increased signal extends to 
one meniscal surface. 
E Grades I and II have no surgical significance. Grade III signal 
is visible arthroscopically and represents a meniscus tear. 





MENISCUS TEAR PATTERNS 





E Meniscus injuries are commonly classified by the description 
of the pattern of tear. 

E Patterns of tear include vertical longitudinal, oblique (flap, 
parrot beak), horizontal, radial (transverse), and complex. 


E Vertical and oblique patterns constitute approximately 80% 
of tears (11). 


E Complex, degenerative tears increase in frequency with age 
(> 4 years). 

E A complete, displaced vertical tear is termed a bucket han- 
dle tear and is the pattern often associated with mechanical 
block to motion. 

E Radial tears disrupt the circumferential fibers of the menis- 
cus and, when they extend to the periphery, result in loss of 
the load-bearing function of the meniscus. 
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TREATMENT 





Treatment of meniscal injury is influenced by patient factors, 
as well as the nature of the meniscal pathology. Patient fac- 
tors include the chronicity of symptoms, tolerance for activ- 
ity modification following repair versus resection, tolerance 
for risk of failure, expectations, age, and underlying condi- 
tion of the joint (16). 

The determinants of successful healing of a torn meniscus 
include tear location and configuration. 


No more than the peripheral one-third of the meniscus has 
a vascular supply. Therefore, the central 70%-80% demon- 
strates inferior conditions for healing. 


It is important to classify the location of the tear relative to 
the blood supply of the meniscus in order to predict repair 
potential. 


Tear classification based on location is as follows: red—red 
tear, located at the meniscal periphery within the vascular 
zone; red—white, no blood supply from the inner surface of 
the lesion; and white—white, located in the avascular zone. 


Red-red tears have the greatest potential for healing, and 
white—white tears the least (16). 


Nonoperative Management 


Surgical treatment is recommended for most meniscal tears, 
except those causing minor symptoms in less active patients. 
If nonoperative management is selected, treatment is directed 
at minimizing symptoms of pain and swelling. 

A trial of activity modification, rehabilitation, and nonsteroidal 
anti-inflammatory medications is warranted until symptoms 
abate. This may be successful; however, symptoms may recur. 


Operative Management 


Arthroscopic treatment of meniscal injuries has become one 
of the most common orthopedic surgical procedures in the 
United States (11). 


Operative treatment of meniscus tears is warranted in pa- 
tients with high physical demands associated with work or 
sport, because the activity modification required to reduce 
symptoms often is not acceptable. 


Surgical indications include symptoms that affect activities 
of daily living, work, or sport; failure to respond to nonsur- 
gical management; and absence of other causes of knee pain 
identified by radiographs or other imaging. 

Results of early treatment of peripheral tears (suspected 
with development of an effusion over the first 48 hours) are 
improved with surgical repair performed within the first 
4 months from the time of injury (ideally < 10 weeks) (12). 
Additional predictors of favorable outcome from repair in- 
clude peripheral location (within 3 mm of the meniscosyno- 
vial junction), patient age less than 30 years, tear length less 
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than 2.5 cm, tear of the lateral meniscus, and simultaneous 
ACL reconstruction (secondary to intra-articular bleeding 
and fibrin clot formation) (6,12). 


The goal of meniscal surgery is to maximize meniscal preser- 
vation. Tears with the potential to heal should be repaired. 


Tears most likely to heal without treatment include tears 
less than 10 mm in length, tears with less than 3 mm of dis- 
placement on arthroscopic probing, partial-thickness tears 
(< 50% meniscal depth), and radial tears less than 3 mm in 
length (16). 

Arthroscopic rasping of the tear and synovium, or trephi- 
nation, of these tears to encourage neovascularization may 
encourage healing and may be successful in as many as 90% 
of cases (12,16). 

Displaced tears that result in a block to motion should be 
treated expeditiously. 


Meniscus Repair 


Repair techniques include open, arthroscopically assisted, 
and all arthroscopic repair. 


Traditional techniques for repair use suture fixation, passed 
using a variety of devices that are tied through a posterior 
counterincision. 

Meniscus repair implants continue to evolve since their in- 
troduction in the mid-1990s. Current-generation implants 
incorporate a suture-based repair and allow for an all ar- 
throscopic technique (34). 

Criteria for meniscus repair include complete vertical 
longitudinal tear > 10 mm in length, location within the 
peripheral 10%—-30% of the meniscus (or within 3-4 mm 
of the meniscosynovial junction), displaceable more than 
3-5 mm on arthroscopic probing, no significant second- 
ary joint degeneration or deformity, and a stable knee 
(12,16). 

Situations not meeting the above criteria must be individ- 
ualized. It may be appropriate to extend the indications in 
younger individuals or in cases where resection would lead 
to nonfunctional remaining tissue (16). 

Suture repairs should be performed with vertical mattress 
stitches when possible, because these demonstrate superior 
repair strength compared to the horizontal pattern (12). This 
is predominately due to the histologic arrangement of the 
circumferential fiber bundles within the meniscus (34). 


Partial Meniscectomy 


Meniscal injury leads to partial meniscectomy in the major- 
ity of cases, as a result of the anatomy of the tear, underlying 
degeneration of the substance of the meniscus, or distance 
from the blood supply (16). 

Meniscal tears that do not fall into the category of stable 
(with possible spontaneous healing), or repairable, should 
be treated with partial meniscectomy to remove unstable 


fragments, eliminate mechanical symptoms, and reduce pain 
and associated swelling (11). 

E Indications for partial meniscectomy include complete 
oblique, radial, horizontal, degenerative, or complex tears 
and tears located in the white—white zone (16). 

E The goal during meniscectomy is to remove nonfunction- 
ing tissue, maximize meniscus preservation, maintain hoop 
stresses, and create a stable configuration of the remaining 
tissue. 





OUTCOMES 





E As previously outlined, the meniscus serves a chondropro- 
tective function in the knee. 


E Precocious arthropathy may result from partial or total men- 
iscectomy. This is thought to be secondary to the increased 
contact stresses on the articular surfaces. 


E Total meniscectomy in previously normal knees results in 
significant arthrosis in two-thirds of patients by 15 years 
from surgery (1). 

E Better outcome is noted after successful repair compared to 
resection, with lower incidence of degenerative change after 
5 years (16). 

Œ More rapid degeneration is noted after lateral meniscectomy 
compared to medial meniscectomy (15,16,28). 

E The factor with the greatest impact on long-term outcome 
is whether articular damage is present at the time of partial 
meniscectomy (12). 


E Other factors that influence risk of future arthritis include 
amount of resection (more resection, higher risk), type of 
resection (radial resection destroys the meniscus ability to 
convert compression forces to hoop stresses), associated 
instability, overall weight-bearing alignment, body habitus, 
age, and activity level (16). 

ŒE A recent systematic review (30) has concluded that the pre- 
operative and intraoperative predictors of poor clinical and/ 
or radiographic outcomes include the following: total men- 
iscectomy (7), removal of the peripheral meniscal rim (14), 
lateral meniscectomy (4), degenerative meniscal tears (8), 
presence of chondral damage (32), genetic predisposition as 
correlated with the presence of hand osteoarthritis (8), and 
increased body mass index (5). 


E Variables that had poor predictive values of clinical and/or 
radiographic outcomes include meniscal tear pattern, age, 
mechanical alignment, patient gender, activity level, and 
meniscal tears associated with ACL reconstruction (30). 


E Results of partial meniscectomy remain good or excellent 
in over 90% of patients not demonstrating articular carti- 
lage damage at the time of meniscectomy, and this declines 
to approximately 60% if damage is present (12). In general, 
80%-90% of patients have documented good to excellent re- 
sults within the first 5 years after partial meniscectomy (16). 
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Functional results do not always correlate with radiographic 
findings. Up to 50% of patients at 8 years after partial men- 
iscectomy, versus 25% of patients with untreated knees, will 
demonstrate radiographic changes (11,15,16). 

Meniscus repair is successful in approximately 80% of cases. 
Healing rates increase to approximately 95% in the setting of 
concomitant ACL reconstruction (12). 





COMPLICATIONS 





Complications specific to meniscus repair include neurovas- 
cular injuries. 

The peroneal nerve is at greatest risk with lateral meniscus 
repair. The popliteal artery, popliteal vein, and tibial nerve 
are also at risk. 


The saphenous nerve, particularly the infrapatellar branch, is 
at greatest risk with medial repair. 


Failure of repair resulting in the need for repeat arthroscopy 
is possible, and the risk increases as indications for repair are 
extended. 

Meniscus repair done concurrently with ACL reconstruction 
increases the risk of motion loss; however, the appropriate- 
ness of staged repair remains controversial. 





MENISCAL SUBSTITUTES 





Substitutes for meniscus tissue injury, or loss, are in 
development. 

Current replacements include meniscal allograft transplan- 
tation and collagen meniscal implants (CMI). 


Meniscal Allograft Transplantation 


Meniscal allograft transplantation has been used in humans 
for over 20 years. 


The general indication has been disabling pain after loss of a 
meniscus in a skeletally mature individual (10). 


A patient with symptoms referable to a meniscus-deficient 
tibiofemoral compartment is the most common indication 
for meniscal transplant (25). 

A patient who has undergone prior meniscectomy should be 
carefully examined for early onset of joint degeneration, with 
the physical exam focusing on the presence of effusion, joint- 
line tenderness, crepitus, stability, and axial alignment (25). 
The allograft tissue is most commonly fresh-frozen or cryo- 
preserved. Fresh allografts have also been used; however, 
logistical difficulties in the routine use of fresh grafts make 
them impractical for widespread use (12). 

Four types of meniscus allografts are currently available, 
including fresh, cryopreserved, fresh-frozen, and lyophi- 
lized. Fresh and cryopreserved allografts contain viable 
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cells, whereas fresh-frozen and lyophilized allografts are 
acellular (25). 

E Fresh grafts have the theoretical advantage of harboring vi- 
able cells, but the proportion of cells that survive and the 
duration of cell survival following transplantation are not 
known (25). 

E Immune response against the transplant has been shown; 
however, frank rejection does not appear to occur (28). 


E The technique of allograft transplantation has proved to be 
reproducible in terms of healing and control of postmen- 
iscectomy pain and swelling. The exact indications for al- 
lograft transplantation, however, continue to be developed 
(28). When properly indicated, transplantation leads to pre- 
dictable good results in over 90% of patients (16). 

E Meniscal allograft transplantation may be considered for pa- 
tients with symptoms referable to a meniscus-deficient tib- 
iofemoral compartment. These symptoms include pain and 
swelling, more commonly than mechanical symptoms (16,28). 

Œ It is not possible, at this time, to identify patients who will 
develop symptomatic arthrosis after meniscectomy, and 
therefore, prophylactic transplantation in the asymptomatic 
patient after meniscectomy has not been justified (16). 


E Ideally, an objective marker of early pathologic changes to 
articular surfaces will be identified to allow identification of 
appropriate patients for early meniscus replacement. Such 
markers may be found through advanced imaging tech- 
niques or synovial fluid analysis for cartilage degradation 
products. 


E Transplantation results are poor in cases of advanced joint 
degeneration and therefore should only be considered when 
no more than fibrillation and fissuring of the articular sur- 
faces is present. 


E Full-thickness articular cartilage lesions on the flexion 
weight-bearing zone of the femoral condyle or tibia greater 
than 10-15 mm in diameter are a contraindication to trans- 
plantation (12,28). 

Additionally, in order to be a candidate for transplantation, 
the knee must be stable, without malalignment. An unstable 
knee must be stabilized, and malalignment requires correc- 
tion to avoid direct weight-bearing through the involved 
compartment receiving the meniscus transplant (16,28). 


Meniscus Scaffolds 


E Several biologics and materials such as autologous tendons, 
submucosa, collagen matrices, and carbon fiber prostheses 
were developed, but only CMIs, made from bovine Achilles ten- 
dons, have been used clinically with varying success rates (31). 


E Bovine collagen meniscal scaffolds, termed CMIs, have been 
approved for human implantation in Europe, Australia, and 
Chile. The scaffold is gradually replaced by meniscus-like tis- 
sue as fibrochondrocytes proliferate within the scaffold. This 
device was briefly approved for implantation by the Food 
and Drug Administration (FDA) in the United States in 


2009-2010, but that approval was withdrawn in 2010 when 
it became apparent that political intervention had influenced 
the initial approval process. 


Linke et al. (19) have demonstrated that the clinical outcome 
after implantation of a CMI combined with high-tibial os- 
teotomy was not different compared with the control group 
with high-tibial osteotomy alone after 2 years. 

Recently, Rodkey et al. (29) published a multicentric ran- 
domized clinical trial comparing the clinical results of the 
CMI with partial meniscectomy at 5 years of follow-up. 
These authors concluded that CMI has the utility to be used 
to replace irreparable or lost meniscal tissue in patients who 
had had 1, 2, or 3 prior meniscal surgical procedures. The 
CMI did not provide any apparent benefit for patients with 
an acute injury when compared to a control group treated 
with meniscectomy at 5 years of follow-up. 

Porcine small intestine submucosa, which contains collagen 
and multiple growth factors, is an alternative scaffold under 
consideration and currently used in animal trials (35). 





FUTURE DIRECTIONS 





Future treatments in both meniscus repair and replacement 
continue to evolve. 


Several growth factors and cytokines are under investigation 
as potential adjuncts to potentiate healing. 


Meniscal fibrochondrocytes respond with migration and 
proliferation to growth factors, including platelet-derived 
growth factor (PDGF), hepatocyte growth factor (HGF), 
bone morphogenic protein-2 (BMP-2), insulinlike growth 
factor-1 (IGF-1), and transforming growth factor-beta 
(TGF-B) (3,24). 

Suggested delivery systems for growth factors include im- 
pregnated absorbable scaffolds, impregnated fixation 
devices, or even virus vectors for gene therapy (21). 


Tissue engineering may be the next step in development of a 
durable meniscal replacement. This technique combines the 
technology of cell culture, polymer chemistry, and biology to 
create tissues that are appropriate for tissue replacement or 
reconstruction. The implant would incorporate fibrochon- 
drocytes that have been multiplied in cell culture, in appro- 
priate-shaped polymer scaffolds. 
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INTRODUCTION 





The knee is an encapsulated compound joint consisting of 
two condyloid joints at the medial and lateral articulations of 
the tibia and femur and one saddle joint between the patella 
and femur. Lacking intrinsic bony stability, most of its over- 
all stability is derived from the major ligaments and smaller 
supporting structures in and around the knee. Disruption 
of one or more of these ligaments, commonly from injury 
in athletics or major trauma, results in instability. Injuries to 
the anterior cruciate ligament (ACL) and medial collateral 
ligament (MCL) make up the vast majority of ligamentous 
knee injuries. 





ANATOMY 





Anterior Cruciate Ligament 


The ACL is one of two major intra-articular ligaments of 
the knee. Its femoral origin is on the posteromedial aspect 
of the lateral femoral condyle. It inserts on the tibial pla- 
teau, just anterior to the area between the intercondylar 
eminences. 

The ACL is compromised of two distinct bundles, each 
identified by their relative insertion on the tibia. The an- 
teromedial bundle tightens in flexion, while the posterolat- 
eral bundle tightens in full extension. The overall tension 
on the ACL is greatest when the knee is in 30 degrees of 
flexion (59). 

The blood supply to the ACL is from the middle geniculate 
artery, a branch of the popliteal artery. Innervation from 
branches of the tibial nerve aids proprioception. 

The primary role of the ACL is to prevent excessive ante- 
rior tibial translation in relation to the femur, providing 
90% of total anterior translational stability. The anterome- 
dial bundle serves this function, while the posterolateral 
bundle adds protection against internal rotation (15). The 
ACL also stabilizes the knee against varus and valgus stress 
when the knee is in full extension. It contributes to the 
“screw home” mechanism, by which the femur is internally 
rotated over the tibia in full extension to “lock” the knee 
while standing (44). 
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Posterior Cruciate Ligament 


The intra-articular posterior cruciate ligament (PCL) origi- 
nates on the anterolateral aspect of the medial femoral 
condyle and inserts in a depression approximately 1-1.5 cm 
distal to the articular surface in a fovea between the posterior 
aspects of the medial and lateral tibial plateaus. 

Like the ACL, the PCL is composed of two bundles, a larger 
anterolateral bundle that tightens in flexion and a postero- 
medial bundle that tightens in extension. Overall, the liga- 
ment bears the most tension in 90 degrees of knee flexion. 
These bundles are less distinct than those of the ACL and are 
described by some as a continuum of one ligament. 


The PCL shares its neurovascular supply with the nearby 
ACL. Present in 90% of the population, the meniscofemoral 
ligaments of Humphry and Wrisberg originate on the poste- 
rior horn of the lateral meniscus and straddle the PCL ante- 
riorly and posteriorly before inserting on the medial femoral 
condyle (27). 

The primary role of the PCL is to resist posterior tibial trans- 
lation, providing up to 100% of posterior stability at 90 de- 
grees of flexion (3). It also protects against varus and valgus 
stress in full extension. With the ACL, it contributes to the 
“screw-home” mechanism (5). 


Medial Collateral Ligament 


The MCL is an extraarticular ligament composed of superfi- 
cial and deep components. The superficial MCL is 10-12 cm 
long and originates just proximal and posterior to the me- 
dial epicondyle. It courses distally deep to the pes anserinus 
tendons and inserts on the medial tibial metaphysis approxi- 
mately 5 cm distal to the joint line. The shorter deep MCL 
is deep and adherent to the superficial MCL. It is connected 
to the medial meniscus by its meniscofemoral and menisco- 
tibial components. 

Once thought to be a posterior portion of the superficial 
MCL, the posterior oblique ligament (POL) is a distinct, fan- 
like ligament spanning from a femoral origin posterior and 
superior to that of the superficial MCL distally to the joint 
capsule and distal semimembranosus tendon (33). 

The superficial MCL is the primary restraint to valgus insta- 
bility of the knee and aids in rotational stability. The POL 
acts synergistically with the MCL to stabilize the knee against 


internal tibial rotation and valgus deformity with the knee in 
extension (26). 


The medial structures of the knee are described in three layers. 
E Sartorius and fascia 

E Superficial MCL, POL, semimembranosus 

E Deep MCL, capsule 


Posterolateral Corner and Lateral Collateral 
Ligament 


Multiple static and dynamic stabilizers form a complex, 
interrelated network to secure the lateral knee against varus 
deformity, external tibial rotation, and posterior tibial trans- 
lation. Collectively, these are known as the posterolateral cor- 
ner (PLC). The lateral collateral ligament (LCL), popliteus 
muscle, and popliteofibular ligaments are the most impor- 
tant stabilizing structures of the region (32). 
The LCL originates just proximal and posterior to the lateral 
epicondyle and travels 7 cm distally to insert on the lateral 
portion of the fibular head. It is the primary restraint to var- 
us instability of the knee and also aids in rotational stability 
in the extended knee. 
From its origin on the posteromedial proximal tibia, the 
popliteus muscle arcs laterally and proximally. Its tendon 
becomes intra-articular, coursing through the popliteal hia- 
tus before inserting on the femur deep, distal, and anterior 
to the LCL. It has interconnections to the fibula, tibia, and 
meniscus that form the popliteus complex, giving it both 
static and dynamic stabilizing properties. 
The popliteofibular (arcuate) ligament is a “Y” shaped 
structure connecting the popliteus to the fibular head. The 
popliteus and popliteofibular ligament provide the primary 
restraint against external tibial rotation (34). 
Other structures involved with the PLC include the fabel- 
lofibular ligament, iliotibial band, biceps femoris tendon, 
lateral head of the gastrocnemius, and the lateral joint cap- 
sule. The PLC works in concert with the PCL to prevent 
excessive posterior tibial translation, contributing more in 
extension (54). 
The lateral structures of the knee can be considered in three 
layers. 
E Fascia, iliotibial band, and biceps femoris tendon 
E Patellar retinaculum and patellofemoral ligament 
E Popliteofibular ligament, popliteus, fabellofibular liga- 
ment, LCL, and capsule 





ANTERIOR CRUCIATE LIGAMENT 





Mechanism of Injury 


It is estimated that more than 100,000 ACL injuries occur 
in the United States each year, many of them during athletic 
activity. Seventy percent of injuries to the ACL occur by 
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noncontact mechanisms (11). Tension is created primarily 
by forces in the sagittal plane that cause large anterior tibial 
sheer forces. A combination of small knee flexion angles, 
large posterior ground reaction forces, and substantial quad- 
riceps contractions all contribute to anterior sheer stress. 
This is augmented but not duplicated by rotational and val- 
gus forces acting upon the knee. The posterior sheer forces 
on the tibia exerted by the hamstrings are protective from 
ACL injury. 

Common mechanisms of injury include pivoting during ac- 
celeration or deceleration and forcefully landing on the heel 
with a small knee flexion angle (1). Contact-induced injury 
often involves valgus loading of the fixed and straightened 
knee (11). 

While males and females sustain an approximately equal 
number of total ACL injuries, women who participate in 
athletics are three to eight times more likely than their male 
counterparts to sustain injury (23). Reasons for this dis- 
crepancy include smaller ligaments relative to body size, 
increased joint laxity, higher levels of estrogen, and smaller 
intercondylar notch dimensions. Females have also been 
shown to have different neuromuscular mechanics that pre- 
dispose them to ACL injury. They tend to land from jumps 
with less knee flexion, have more valgus loading of the knee, 
and have greater activation of their quadriceps relative to 
their hamstrings. 

Other risk factors for ACL injury include game situations in 
comparison to practice, an increased coefficient of friction of 
footwear, and prior ACL injury with or without reconstruc- 
tion of the ipsilateral or contralateral knee (13). 


Evaluation 


E A thorough history and physical exam is the most important 


aspect of the evaluation of a possible ACL injury. Patients 
often report pain and instability occurring after landing or 
cutting in a noncontact situation. An audible “pop” is com- 
mon. Swelling within the joint occurs rapidly, and athletes 
are typically unable to return to play. It is not uncommon 
to see ACL, MCL, and lateral meniscal injury from the same 
event (5). 

The Lachman test is the most important physical exam 
for ACL injuries, having a high sensitivity and specificity 
(85% and 94%, respectively). With the patient supine and 
the quadriceps relaxed, the knee is placed in 30 degrees of 
flexion. The patient’s thigh is stabilized, and the examiner 
grasps the patient’s proximal tibia and applies anterior force, 
noting the amount of anterior translation and the endpoint. 
Anterior translation of greater than 3 mm compared to the 
contralateral knee and a “soft” endpoint signifies ACL injury. 
The pivot shift test is an important indicator of rotational 
instability. With the leg fully extended, the ankle is inter- 
nally rotated while a valgus force is applied to the proxi- 
mal tibia. In the ACL-deficient knee, this causes anterior 
subluxation of the lateral tibial plateau beneath the lateral 
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femoral condyle. As the knee is slowly flexed past 30 de- 
grees, the iliotibial band induces a sudden reduction of 
the subluxed lateral tibia, interpreted as a positive pivot 
shift. Although the test is not very sensitive (24%), it is 
extremely specific (98%). It is much more sensitive (74%) 
and comfortable for the patient when preformed under 
anesthesia (7). 

Although not as sensitive or specific as the Lachman test, the 
anterior drawer test is useful in the evaluation of chronic 
ACL injury. With a supine patient’s knee in 90 degrees of 
flexion and foot resting on the table, anterior force is applied 
to the tibia. The difference in anterior translation between 
the two knees is evaluated (7). All tests have been shown to 
be highly examiner dependent and are most effectively pre- 
formed by trained orthopedists (23). Mechanical devices 
such as the KT-1000 or KT-2000 arthrometers (MEDmetric, 
San Diego, CA) can evaluate the anterior translation of the 
tibia in a more standardized fashion but are typically used 
for research purposes only (44). 

Although radiographs typically do not diagnose ligamentous 
injury, they are helpful to evaluate for other injuries. Avul- 
sion of the tibial spine and Segond fractures (lateral tibial 
capsular avulsion fractures) can be seen with ACL injuries, 
the latter of which is pathognomonic. A magnetic resonance 
imaging (MRI) is usually not necessary to make the diagno- 
sis of an ACL rupture, but it is useful to visualize the liga- 
ment and to evaluate for other pathology (5). 


Natural History 


E Injury to the ACL rarely occurs in isolation. Characteristic 


bone bruise on the central lateral femoral condyle and pos- 
terior lateral tibial plateau can be found in nearly all patients 
on MRI (24), although the clinical significance is unknown 
at this point (20). Approximately half will have meniscal 
tears, commonly located in the posterior horn of the lateral 
meniscus in acute injury (6). Chronic instability stresses the 
posterior horn of the medial meniscus, resulting in tears in 
this region. When meniscal repair is performed concomi- 
tantly with ACL reconstruction, there is a greater chance of 
healing of the meniscus in comparison to delayed treatment. 
Meniscal repairs in the chronically unstable knee typically 
have poor outcomes (6). 

There is a 50% incidence of clinical and radiographic evi- 
dence of osteoarthritis in patients between 10 and 20 years 
after ACL injury regardless of their treatment. This increased 
risk of osteoarthritis is especially evident in those who sus- 
tain injury to the menisci (39). 


Management 


E Indications for surgical reconstruction include athletes, pa- 


tients with associated repairable meniscal injury, patients 
with complete tears to any of the three other major knee lig- 
aments, and patients experiencing instability that interferes 
with activities of daily living (22). 


Musculoskeletal Problems in the Athlete 


E Conservative (nonoperative) treatment focuses on regain- 


ing normal knee range of motion and strengthening the 
secondary stabilizers of the knee, in particular the ham- 
strings. Rotation and lateral movement should be avoided 
for 6-12 weeks, and competitive situations should be 
avoided for at least 3 months (20). Bracing may be used 
for patient comfort but is not necessary. It is important to 
counsel the patient about episodes of instability and behav- 
ioral modifications to protect the joint (30). These patients 
are typically self-reported to be satisfied with their condi- 
tion, but suffer from instability issues and a reduction in 
activity levels (47). 

If surgical treatment is elected, it should be performed af- 
ter acute hemarthrosis and accompanying synovitis have 
resolved and knee range of motion has returned to nor- 
mal, usually 3—4 weeks after injury. Early reconstruction 
may result in arthrofibrosis, whereas late repair may be 
associated with additional injury to the joint (30). Restor- 
ing range of motion, weight bearing, and closed-chain 
exercises are key aspects of both preoperative and post- 
operative management. 


Primary repair does not result in adequate healing due to 
the intra-articular environment, and thus, reconstruction 
is necessary. This involves drilling tunnels through the tibia 
and femur and placing a graft through the tunnels to serve 
as scaffolding for new ligament growth. Surgeons com- 
monly use the central third of the patient’s patellar tendon 
with bone plugs from the patella and tibial tubercle (bone- 
tendon-bone [BTB]), the patient’s own semitendinosus 
and gracilis tendons (hamstring), or cadaveric (allograft) 
grafts. 


BTB autografts incorporate into the bone tunnels more 
rapidly and have been shown by some to have lower failure 
rates than hamstring grafts, making them ideal for more ac- 
tive, younger patients. They are associated with increased 
radiographic osteoarthritis changes as well as anterior knee 
pain (29). 

Hamstring tendon grafts have lower donor-site morbidity 
and have a greater tensile strength when quadrupled, but 
are slower to incorporate in the tunnels at the bone-tendon 
interface (21). 

Allografts are associated with no donor-site morbidity and 
decreased operative time. Disease transmission and graft 
preservation are less of a concern with modern harvesting 
techniques, but allografts have an increased cost and de- 
layed graft incorporation. Younger, more active patients have 
been shown to have significantly higher rates of failure with 
allografts (12). 


New methods of double-bundle repair using two separate 
grafts to mimic the natural ACLs distinct bundles and two 
tibial tunnels have been gaining popularity in recent years. 
They have been shown to have superior results in terms of 
postoperative measurements of anterior translation and 
rotation, but studies have yet to show a difference in terms of 
clinical outcome (55). 


Pediatrics 


ACL injuries in skeletally immature patients are increasingly 
common and now make up 3.3% of all ACL injuries. Chil- 
dren typically suffer from poor outcomes with conservative 
treatment, but reconstruction is complicated by the proxim- 
ity of the physeal growth plates to the joint, as the distal tibial 
and proximal femur contribute to 65% of the growth of the 
lower extremity. Several different surgical techniques have 
been shown to be successful in reconstructing the ligament 
while respecting the physis and thus maintaining normal 
bone growth (55). 





POSTERIOR CRUCIATE LIGAMENT 





Mechanism of Injury 


PCL injuries make up approximately 3% of all ligamentous 
knee injuries, but up to 38% in trauma situations. There are 
associated injuries in approximately half of all PCL injuries, 
most notably to the PLC. This proportion rises to 95% in the 
setting of severe trauma (3,40). 

A “dashboard injury” occurs when contact of the tibia with 
the dashboard during collision exerts a large posterior sheer 
force on the tibia, often resulting in multiligament damage. 
In athletics, damage to the PCL is more often isolated and 
can occur when falling onto a flexed knee with a plantar- 
flexed foot or from a direct blow to the anterior tibia. Severe 
hyperextension and hyperflexion are other mechanisms of 
injury (42). 

Unless associated with obvious trauma, the presentation of 
a PCL injury is subtle, especially if isolated. There is usually 
no “popping” reported, and athletes are often able to con- 
tinue competition after injury or may not be able to recall 
the event at all. Reported symptoms include stiffness, mild 
swelling, moderate posterior knee pain, and pain with deep 
knee flexion (42). 


Evaluation 


Acute hemarthrosis due to PCL injury will be mild. Observa- 
tion of gait may reveal a slight varus deformity in the setting 
of chronic instability. 

The posterior drawer test is the most important physical ex- 
amination for evaluation of the PCL, having a sensitivity and 
specificity of 90% and 99%, respectively (26). With the pa- 
tient supine, the knees are flexed to 90 degrees and the hips 
to 45 degrees while the feet rest on the table. It is important 
to detect a posterior “sag.” Normally, the tibial plateau should 
be more than 1 cm anterior to the medial femoral condyle. 
Otherwise, there is likely PCL injury and the tibia must be 
anteriorly reduced to an anatomically neutral position be- 
fore testing. A posterior force is directed upon the anterior 
proximal tibia, and the magnitude of displacement and char- 
acteristics of the endpoint are observed. 
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E Displacement of 3-5 mm indicates a grade I posterior 


drawer with the medial tibial plateau remaining anterior to 
the medial femoral condyle. In grade II displacement, there 
is 6-10 mm of displacement and the tibial plateau is flush 
with the femoral condyle. More than 10 mm of displace- 
ment, pushing the plateau posterior to the condyle, is a grade 
III injury (41). In grade I] injury, there is likely a concurrent 
injury to the PCL (56). 

The posterior sag test is done with the patient supine and the 
hip and knee flexed to 90 degrees. The examiner holds the 
patient’s ankles and observes the knee for a step-off between 
the tibial plateau and femoral condyles. For the quadriceps 
active test, the supine patient’s feet are set flush on the table 
and the patient is asked to advance the feet away from the 
body. Anterior shift of the tibial plateau greater than 2 mm is 
indicative of PCL pathology (42). 

Plain radiographs may show bony avulsions in the acute 
setting or degenerative changes in the medial and patello- 
femoral compartments in chronic cases. Stress radiographs 
are useful to quantify the degree of posterior instability, with 
greater than 10 mm of displacement compared to the con- 
tralateral side indicating injury to the PCL and PLC. MRI is 
excellent for assessment of the PCL and other structures of 
the knee in acute settings, but lacks adequate sensitivity for 
detection of chronic PCL injury (42). 


Natural History 


E Injuries to the PCL can be subtle and have a varied course. 


At the time of injury, it is difficult to predict future conse- 
quences from instability. One study found that 2% of highly 
functioning college football players had asymptomatic PCL 
deficiencies (49), whereas another study evaluated symp- 
tomatic patients 5 years after injury and found articular car- 
tilage damage in almost 80% of medial femoral condyles and 
nearly 50% of patellae via arthroscopy (57). 

Knee kinematics are altered such that there is persistent 
anterior subluxation of the medial femoral condyle, leading 
to increased rates of osteoarthritis in the medial and patel- 
lofemoral compartments and higher rates of meniscal tears 
(38). MRI studies have shown partial healing ability of the 
ligament (1). Although some do well with conservative treat- 
ment, others suffer from continued instability and osteoar- 
thritic changes. 


Management 


E Patients with both acute and chronic isolated grade I or II 


injuries should undergo nonoperative treatment, because 
surgical reconstruction has not been shown to be helpful 
for either. Protected weight bearing in an extension brace 
is followed by quadriceps rehabilitation and range-of- 
motion exercises. Return to sports is usually possible within 
2-6 weeks. 

Surgical intervention is recommended for patients with as- 
sociated injuries to the ACL, MCL, and PLC (grade HI PCL 
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injury), preferably within 1-2 weeks. In the case of chronic 
injury, a tibial osteotomy may be necessary to correct for 
varus deformity (3). 

There is no clear superior surgical technique for PCL 
reconstruction, and results of such procedures are inferior to 
ACL reconstruction. Grafts may be single- (anterolateral) or 
double-bundled. 

Traditionally, the graft is fixed to the tibia through a trans- 
tibial tunnel. It is forced to make a sharp “killer turn” 
superiorly over the posterior edge of the tunnel, resulting 
in loosening of the graft over time. Berg (8) described the 
tibial inlay technique, using a bony fragment to fix the graft 
directly to the fovea at the origin of the native PCL, result- 
ing in decreased laxity (9,10). As with ACL reconstruction, 
exercises are gradually introduced, and full recovery gener- 
ally takes 9 months. 





MEDIAL COLLATERAL LIGAMENT 





Mechanism of Injury 


The annual incidence of MCL injuries is 0.24 per 1,000 and is 
twice as common in men (17). They typically occur in isola- 
tion and during athletics. 

The mechanism of injury often involves a valgus force on 
the partially flexed knee, opening the medial compartment 
of the knee and stressing the medial support structures. 
Patients often report localized pain and swelling along the 
medial aspect of the knee. Instability is not a common symp- 
tom, but when it does occur, it is described as affecting side- 
to-side motion. 


Examination 


Physical examination begins with inspection, which may 
reveal localized swelling or ecchymosis at the site of injury, 
most often near the femoral origin of the superficial MCL. 
Areas of tenderness are usually discrete and identifiable. 
Valgus stress testing is done with the knee in 30 degrees 
of flexion and the patient relaxed. Stabilizing the femur, a 
valgus load is applied to the tibia. Injury is characterized 
as grade I for pain and no joint laxity compared to the 
contralateral knee, grade II for some laxity with a solid 
endpoint, and grade III for laxity and a soft or no end- 
point. Grade I and II injuries usually correlate with partial 
sprains, whereas grade III injuries involve a complete tear. 
In the case of a grade III tear, careful evaluation should 
be done for other ligamentous injuries. At 0 degrees of 
flexion, both the cruciate ligaments and the POL stabilize 
the knee against valgus deformity; instability in this posi- 
tion should prompt further exam for injury to additional 
structures. 


Radiographic examination can assess for avulsion and 
for growth plate injury in skeletally immature patients. 
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Valgus stress views are useful to quantify medial compart- 
ment opening. A Pellegrini-Stieda lesion, calcification of 
the MCL at its femoral origin, may be seen with chronic 
injuries. Ultrasound is also a useful tool for diagnosis but 
is highly user dependent (37). MRI is a very sensitive tool 
for diagnosis and detects bone bruises in almost half of all 
isolated injuries, mostly in the lateral compartment (45). 


Natural History 


Although most MCL injuries are isolated, it is important to 
evaluate for other lesions. Meniscal tears may occur in 5% 
of presentations. Grade II injuries severe enough to require 
surgery are associated with POL and ACL injury in 99% and 
78% of patients, respectively. 

Because of its rich vascular supply, the MCL exhibits excel- 
lent healing characteristics. When chronic injury does occur, 
it exposes other medial knee structures to altered loads that 
increase the risk of further injury (4). 


Treatment 


Most MCL injuries are amenable to nonoperative treatment. 
For simple grade I and II injuries, a short course of rest, ice, 
compression, elevation, and possibly bracing may be all that 
is necessary. Weight-bearing and range-of-motion exercises 
are initiated as soon as tolerable. Adequate strength and flex- 
ibility along with control of pain are the primary goals of 
treatment. 

Nonoperative treatment of grade III injuries and proper re- 
habilitation have been shown to be just as effective as sur- 
gery when the injury is isolated (52). A hinged knee brace is 
used for 6 weeks after pain and swelling are controlled, and 
as with lower grade injuries, strength, range of motion, and 
early weight bearing are key. 

Longer use of bracing is commonly used for comfort in 
nonoperative patients with grade II or III injuries. Studies 
of prophylactic bracing by athletes such as football linemen 
have been shown to be protective of the MCL as well as other 
knee structures (2). 

Operative treatment is reserved for chronic injuries with 
instability despite appropriate rehabilitation or MCL injury 
in combination with other surgically amenable injuries, 
especially involving the ACL or menisci. Primary repair, 
imbrications, advancement of insertions, tendon transfers, 
and reconstruction are all possible techniques, and none 
has been adequately proven to be superior. Chronic inju- 
ries usually require reconstruction of the superficial MCL 
and POL. 


Postoperatively, early range of motion is necessary to prevent 
adhesions. Closed-chain exercises are started around 6 weeks 
after surgery, and full weight bearing is permitted shortly 
thereafter. Wearing a brace throughout rehabilitation will in- 
crease the patient’s sense of stability and comfort but will not 
accelerate healing (50,58). 





POSTEROLATERAL CORNER AND 
LATERAL COLLATERAL LIGAMENT 





Mechanism of Injury 


Accounting for approximately 16% of knee ligament injuries, 
damage to the PLC is becoming an increasingly recognized 
source of instability in the knee. Eighty-seven percent of new 
presentations have multiple ligament injuries, most often 
involving the ACL. O’Brien et al. (48) found that chronic 
PLC deficiency was the most frequently identifiable reason 
for ACL reconstruction failure. With a ruptured PCL, there 
is a high likelihood of concomitant PLC injury (36). 

The most common mechanism of PLC injury occurs with a 
blow to the anteromedial tibia. Hyperextension and excessive 
varus loading can also precipitate injury (50). 


Evaluation 


Patients with PLC injury typically report pain along the pos- 
terolateral aspect of the knee. Because isolated injury is rare, 
careful examination of other knee structures is necessary. 
Peroneal nerve palsy is found in approximately 15% of pre- 
sentations, and evaluation of foot dorsiflexion, eversion, and 
sensation is vital (35). 

A patient’s gait may be altered, revealing varus thrust, inter- 
nal rotation with swing, and knee hyperextension in stance. 
Evaluation of the LCL is completed and graded in the same 
manner as MCL injury, but with varus stress. 


The external rotation recurvatum test is done by lifting 
the feet of a supine patient off the table by the greater toes. 
Hyperextension of the knee, external tibial rotation, and 
varus deformity are all signs of a PLC lesion. The posterolat- 
eral drawer test is a modification of the posterior drawer test 
done with the foot externally rotated. Excessive translation 
indicates PLC injury. 

The dial test can be done with the patient prone or supine. The 
patient’s feet are externally rotated, and the orientation of the 
medial sole is compared to that of the femoral shaft. A differ- 
ence of greater than 10 or 15 degrees with the knee flexed at 
30 degrees indicates a PLC injury, and a difference at 90 degrees 
of knee flexion indicates a combined PLC and PCL injury. 
Plain films may show avulsions of the fibular head in acute 
presentations or lateral compartment degenerative changes 
with chronic instability. Varus stress films will show lateral lax- 
ity. Although MRI is helpful to identify additional pathology, 
it may overdiagnose PLC injury due to extensive edema visu- 
alized in posterolateral structures. It should be used in combi- 
nation with physical examination and stress radiographs (14). 


Natural History 


Prognosis typically depends on the extent of injury and 
associated findings. Patients with low-grade injuries typically 
do quite well in the long run with nonoperative treatment. 
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Complete tears, however, are associated with increased laxity, 
damage to the ACL, muscle weakness, and osteoarthritis (31). 


Treatment 


Isolated incomplete injuries are treated nonoperatively. Two 
to 3 weeks of knee immobilization in extension are followed 
by gradual increases in strength and movement, emphasizing 
range of motion throughout. A return to full activity is gen- 
erally seen within 12—14 weeks. 


Grade III injuries are treated operatively, ideally between 
2 and 3 weeks of an acute injury to avoid excessive scar tis- 
sue formation and to allow primary repair. Augmentation of 
a primary repair with tendon reconstruction is frequently 
used. Chronic injuries are not amenable to primary repair 
and require reconstruction. Anatomic and nonanatomic 
methods have been described (16). 

Injuries to other ligaments in the knee should be addressed 
at the same time or in a staged fashion, because the structures 
are reliant on one another for stability and proper healing. 





KNEE DISLOCATION 





Mechanism of Injury 


When an injury leads to disruption of multiple ligaments, 
there exists the possibility that a femoral-tibial knee disloca- 
tion has occurred. In contrast to patellar dislocations, which 
are common, dislocations between the femur and tibia are 
much less common and carry a high risk of limb-threatening 
consequences. Physicians must maintain a high index of sus- 
picion for dislocation because spontaneous reduction may 
occur prior to examination. 

Dislocations are classified by the direction of tibial dis- 
placement in reference to the femur, but because of spon- 
taneous reduction, any injury with three or more damaged 
ligaments should be considered a dislocation. In most cases, 
both cruciate ligaments are ruptured, and approximately 
three-quarters are either anterior or posterior dislocations. 
Tethering of the popliteal artery above and below the joint 
predisposes it to injury in 32%—45% of presentations, with 
an increased incidence in posterior displacement (25). Nerve 
damage occurs in 16%—40% of patients, more often to the 
common peroneal nerve, where it is constrained in its path 
around the proximal fibula (53). 

The mechanism of injury typically involves high-energy im- 
pact from motor vehicle accidents, although low-energy in- 
juries do occur in athletes and in the morbidly obese. 


Evaluation 


After the patient is stabilized, the first step in evaluation is to 
obtain a brief history, if possible, regarding the mechanism of 
injury. Reduction is undertaken if the knee is grossly displaced. 
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E Physical examination starts with palpation for pulses. The 
ankle—brachial index (ABI) has been shown to be highly 
sensitive and specific as a screening tool for vascular injury. 
Any patient with an ABI < 0.9 should undergo further 
workup and likely has a lesion requiring surgery, whereas 
the rest can be monitored with serial physical examination 
(46). Although arteriography has been the gold standard in 
further evaluation, CT angiography has been shown to be an 
effective and less invasive alternative (51). 


E Sensory and motor exams for tibial or peroneal nerve injury 
can be difficult in the multitrauma patient, but are impor- 
tant. Anteroposterior and lateral films should be taken before 
and after manipulation to evaluate for malalignment and 
for fractures, found in up to 60% of injuries in high-energy 
trauma (43). Careful evaluation of all ligamentous structures 
is necessary for proper characterization of the injury (19). 


Management 


E Emergent surgery is indicated for patients with vascular injury. 
Other surgical emergencies include compartment syndrome, 
open injury, and irreducible dislocations (53). Posterolateral 
dislocations are more likely to be irreducible because of medi- 
al femoral condyle entrapment in the medial capsule. Vascu- 
lar compromise for more than 8 hours has a high association 
with above-knee amputation (25). Significant instability after 
reduction may require spanning external fixation. 

E In the absence of surgical emergencies and gross instabil- 
ity, the knee should be splinted in extension. Serial vascular 
examinations are done during a period of observation over 
the next 24—48 hours. Early surgical intervention within 2-3 
weeks is recommended to facilitate primary repair of medial 
and lateral structures before excessive scar tissue formation. 
Cruciate reconstruction is concomitant or staged. Nonop- 
erative treatment leads to unacceptable outcomes in terms of 
stiffness and instability, and thus, surgical treatment is rec- 
ommended for nearly all knee dislocations. 

ŒE While most patients are able to return to work after recov- 
ery is complete (28), few are able to return to competitive 
sports (18). 
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ANATOMY 





E The patella is the largest sesamoid bone in the body. Its blood 


supply arises mainly from the peripatellar plexus. The patella 
articulates with the femoral sulcus, otherwise known as the 
trochlea. It is asymmetrically oval in shape with the apex 
distal. It is enveloped by fibers of the quadriceps tendon and 
blends with the patellar tendon distally. The patella serves 
as a fulcrum for the quadriceps muscles. The main biome- 
chanical function of the patella is to increase the moment 
arm of the quadriceps mechanism. 

The patellar surface is divided into two large facets — medial 
and lateral, which are separated by a central ridge. The facets 
are covered by the thickest hyaline cartilage in the body that 
may measure up to 6.5 mm. The superior three-fourths of 
the patella are articular, and the inferior one-fourth is non- 
articular. The contact area between the patella and femur 
varies with knee position. At 10—20 degrees of knee flexion, 
the distal pole of the patella contacts the femoral trochlea. 
As flexion increases, the contact of the patella moves proxi- 
mally and medially with the most extensive contact be- 
ing made at approximately 45 degrees (2,6,12,23). Contact 
stresses on the patellofemoral joint are higher than any other 
major weight-bearing joint in the body. The contact area 
and load across the joint increase with knee flexion. Com- 
pressive forces on the patella can range from 3.3 times body 
weight with stair climbing up to 7.6 times body weight with 
squatting (20). 

The patellar medial facet varies anatomically. It may be 
divided into a medial facet proper and a small odd facet. 
The odd facet may develop as a response to functional loads 
and does not contact the medial femoral condyle except in 
extreme flexion. 

Several ossification centers contribute to the patella. Failure 
of fusion can lead to bipartite patella that can be classified 
into three types: type I — inferior; type Il — lateral; and 
type III — superolateral (most common). Bipartite patella 
is most often discovered accidentally during radiographic 
examination of the knee for another disorder. The rate of 
bipartite patellae is approximately 1%, and of these cases, 
more than 55% are unilateral. A bipartite patella may mimic 
a patellar sleeve fracture in children or an osteochondral 
fracture after trauma on plain radiographs. 
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The Patellofemoral Joint 


Robert J. Nascimento and Anthony A. Schepsis 


Œ Within the medial retinaculum is the medial patellofemoral 


ligament and the medial patellotibial ligament. The medial 
patellofemoral ligament originates from the adductor tuber- 
cle and inserts on the medial border of the patella. This liga- 
ment plays a major role in preventing lateral displacement 
of the patella (4) and is the most commonly injured struc- 
ture in acute patellar dislocations. The lateral retinaculum 
is composed of a superficial and deep layer and runs from 
lateral margin of the patella and patellar tendon to the ante- 
rior aspect of the iliotibial band. 

The patellar tendon varies in length from 4.0-6.9 cm (aver- 
age, 4.6 cm) (18,24,27,32). It connects the apex of the patella 
to the tibial tuberosity and is slightly wider proximally than 
distally. The patella is commonly associated with either alta 
or baja, meaning it is high or low, respectively, in reference 
to standardized controls. Patients with patella alta may have 
instability (32), whereas patients with patella baja may display 
limited range of motion; this is commonly a consequence of 
surgery or trauma. The thickness of the patellar tendon is 4—7 
cm, with the mean being 5.5 cm, proximally and 5-7 cm, with 
a mean of 5.4 cm, in its midsubstance (18,24,27). 


PATELLAR PAIN 





E The single most common cause of knee pain involves 


pathology related to the patella (9,29,35). Patellar pain or 
discomfort may be the result of direct trauma, repetitive 
direct pressure, constant repetitive movements with the knee 
in a flexed position, instability, malalignment, or a combina- 
tion of these factors. It can arise from bony, soft tissue struc- 
tures or even can be referred pain from the hip or spine. 
Symptoms of patellar pain that begin during relatively nor- 
mal activities/sports should alert the physician that the knee 
may not have been normal in the first place or that there is a 
chronic overuse entity. If the knee swells significantly within 
the first 12-24 hours after traumatic knee injury, this signi- 
fies that there is blood or a hemarthrosis within the joint. 
The most common cause of an acute hemarthrosis after a 
sports-related knee injury is a tear of the anterior cruci- 
ate ligament, with the second most common cause being a 
traumatic patellar dislocation/subluxation with bleeding as 
a result of either soft tissue tearing, osteochondral fracture, 
or both. 





PHYSICAL EXAMINATION (12) 





E The physical examination should begin with general inspec- 


tion for skin abrasions, contusions, lacerations, and prior 
surgical incisions. 


It is important to document the overall alignment of the leg 
while the patient is standing, seated, and supine. Start with 
the patient in the standing position and observe the amount 
of standing varus or valgus alignment. Patellofemoral crepi- 
tus is best elicited by having the patient stand and then squat 
down with the examiner’s hands over the patella noting at 
what arc of motion the crepitus occurs. Retropatellar crepitus 
that is painful and occurs in either early flexion or terminal 
extension indicates disease on the distal part of the patella. 
A painful arc with crepitus in greater degrees of flexion in- 
dicates disease on the more proximal portion of the patella. 
Also observe for excessive pes planus or other abnormal foot 
alignments while standing. This is usually best accomplished 
by standing behind the patient. 


With the patient in the seated position, observe patello- 
femoral tracking with the patient seated over the edge of 
the table while slowly flexing and extending the knee from 
0-90 degrees. Observe for high or lateral patellar position- 
ing (grasshopper eyes), small patella, patella alta (the patella 
faces the ceiling rather than straight ahead), and vastus me- 
dialis oblique (VMO) dysplasia. Also, the examiner should 
observe for signs of J tracking (the patella deviates laterally 
in terminal extension as the patient extends the knee from 
a flexed position, thus mimicking a J). Thigh circumference 
should be measured at a consistent level above the knee to as- 
sess for quadriceps atrophy. Palpate for crepitation, suggest- 
ing possible chondral injury, noting at what degree of knee 
flexion that crepitus is present to delineate between proximal 
and distal lesions. 


With the patient supine, patellar alignment and Q angle 
(angle between anterior superior iliac spine, patella, and tibial 
tubercle) are measured. A Q angle of less than 15 degrees is 
generally considered normal. The Q angle should be assessed 
with the knee flexed at 30 degrees when the patella should be 
centered in the trochlear groove. An angle greater than 25 de- 
grees with this method is indicative of an abnormally lateral- 
ized patellar vector. If the patella is subluxated, the Q angle 
can yield a falsely low measurement (21). One-finger palpa- 
tion is important to localize tenderness, whether it is in the 
retinaculum or the medial and lateral patellar facets. These 
are best palpated by placing one finger under the respective 
facet and pushing the patella over to that side with the other 
hand. The quadriceps tendon and patellar tendon are also 
best palpated in a resting position with the knee extended. 
Point tenderness at the inferior pole of the patella at the at- 
tachment of the patellar tendon is typically consistent with 
patellar tendonitis (24) or jumper’s knee. The tenderness is 
more pronounced with the patellar tendon relaxed with the 
knee in the extended position. Usually, this area is less tender 
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with the knee in the flexed position. Lateral displacement 
may cause apprehension in patients with patellar instabil- 
ity; this is called the “apprehension sign.” When assessing for 
instability, measure patellar mobility (patellar glide). This is 
based on the maximum amount of passive displacement of 
the patella (using quadrant system with the patella divided 
into four vertical quadrants) both medially and laterally with 
the knee at 0 and 30 degrees of flexion. This test evaluates the 
integrity and tightness of the medial and lateral restraints. 
The sage sign tests the amount of medial translation of the 
patella in 20-30 degrees of flexion with respect to the same 
quadrant system. Any translation greater than two quadrants 
or a side-to-side difference is considered abnormal. The pas- 
sive patellar tilt test determines the tension of the lateral 
restraints. With the knee fully extended, the patella is manu- 
ally elevated. A passive tilt of less than 0 degrees (neutral or 
below the horizontal plane) may imply lateral retinacular 
tightness, increased patellar tilt, and a diagnosis of excessive 
lateral pressure syndrome (ELPS). Documentation of the full 
range of motion should be done in the supine position as 
well. Femoral anteversion and tibial torsion should be exam- 
ined with the patient in the prone position. 





RADIOGRAPHS 





E Patients who present with patellofemoral complaints should 


undergo standard knee radiographs in order to rule out asso- 
ciated pathology. These radiographs include bilateral weight- 
bearing anteroposterior (AP), bilateral weight-bearing flexion 
posteroanterior (PA), a true lateral radiograph at 30 degrees 
of flexion, and bilateral axial views at 30, 60, and 90 degrees. 
The standard patellar radiograph is the axial view or sunrise 
view. It is generally performed with the patient supine with 
the knee flexed 45 degrees to evaluate for articular cartilage 
loss, tilt, and subluxation (30). The Laurin view (20-degree 
sunrise view) may be more sensitive for delineating sublux- 
ation or tilt (26). The flexion lateral view at 30 degrees is 
important to evaluate for patella alta and infera, as well as 
trochlear dysplasia (8). 


E A computed tomography (CT) scan from 0-60 degrees 


of knee flexion may be useful to evaluate for tilt and sub- 
luxation (14). The axial images will allow measurement of 
the tibial tubercle to trochlear groove (TT-TG) distance — 
a radiographic Q angle. This important measurement gives 
an accurate quantitative assessment of subluxation. 
Magnetic resonance imaging (MRI) can also help delineate 
patellofemoral pathology. There have been many studies 
examining the role of MRI for evaluation of the articular 
surfaces of the patellofemoral joint. Most of these note an 
underestimation of damage in early stages of cartilage dam- 
age. MRI was more useful in moderate to advanced patel- 
lar cartilage damage (17,31). MRI is also useful in detecting 
intra-articular pathology such as meniscal tears, cruciate or 
collateral ligament injuries, and osteochondral defects. 
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Operative management may include lateral release alone or 
with lateral patellar facetectomy (33) after conservative treat- 
ment fails to provide relief. 


GENERAL TREATMENT OF 
PATELLOFEMORAL PAIN 








E Nonoperative treatment is the mainstay for patellofemoral pain 
(2,3,5,6,11—15,19,22,28,34). Nonsteroidal anti-inflammatory 


PATELLAR MALALIGNMENT AND 
INSTABILITY 


drugs (NSAIDs) may be beneficial if there is an inflammatory 
component to the patellar dysfunction. Simple bracing with a 
patellar cutout or patellar stabilizing braces may be beneficial 
to many patients. Differing types of braces act either to help 
recreate proper tracking or via a lateral buttress effect. Taping 
techniques, such as those described by McConnell (28) to sta- 
bilize subluxation or tilt, may also be beneficial to patients. 
Simple stretching and exercises can be easily learned by patients 
and are very useful. Prone quadriceps stretching, retinacular 
stretching, and short arc isotonic closed- or open-chain quad- 
riceps strengthening can all be useful in diminishing pain from 
patellofemoral dysfunction. Isokinetic, eccentric, and high- 
torque exercises can cause high articular surface pressures and 
should be avoided. 





SYNOVIAL PLICA 





E A synovial plica is a redundant fold in the synovial lining of the 


knee. This is a normal finding, but it may rarely become symp- 
tomatic when it becomes inflamed or fibrotic. A symptom- 
atic plica is most commonly located on the medial side with 
a localized tender thickening along the medial border of the 
patella or condyle on palpation (knee at 45 degrees of flexion). 
An audible snap with flexion may sometimes be elicited with 
a plica. Nonoperative management of a synovial plica includes 
relative rest, flexibility exercises especially of the hamstrings, 
quadriceps strengthening, and anti-inflammatory medication. 
If the synovial plica is significantly scarred or fibrotic and can- 
not be rehabilitated, arthroscopic excision is indicated. 





EXCESSIVE LATERAL PRESSURE 
SYNDROME 





E Excessive lateral patellar compression syndrome, or ELPS or 


lateral facet syndrome, represents a loss of equilibrium of the 
patella in the trochlea associated with tilt (11,13). This re- 
sults in increased pressure on the lateral patellar facet. This is 
usually secondary to a tight lateral retinaculum. The patient 
with ELPS usually has a spontaneous or posttraumatic onset 
with patellofemoral arthralgia (dull aching in the center of 
the knee), and occasionally, swelling and giving way may be 
present. These patients are commonly tender over the lateral 
patellar facet. Radiographs or CT of patients with ELPS will 
usually show lateral patellar tilt on the axial views. Early treat- 
ment consists of nonoperative measures including lateral 
retinacular stretching, taping, and strengthening (11,13,34). 





E Patellar malalignment and instability are two separate issues: 


E Malalignment indicates maltracking of the patella based 
on physical examination and imaging studies such as 
x-rays or CT. As discussed earlier, the TT-TG distance can 
give a quantitative measure of trochlear groove to tibial 
tubercle offset, which along with history and physical 
examination can suggest distal malalignment. A TT-TG 
distance of 12-15 mm is considered normal, whereas 
greater than 20 mm is abnormal (1,7,25). 


E Instability is a functional symptom with the patella tran- 
siently displacing (usually lateral) either partially (sublux- 
ation) or completely (dislocation). The main soft tissue 
restraint to lateral subluxation of the patella is the medial 
patellofemoral ligament (4). This is usually injured in an 
acute traumatic patellar dislocation. Initial treatment for 
instability is nonoperative with stretching, strengthening, 
McConnell taping, and bracing (15). Surgical correction 
is indicated when there is failure of nonoperative manage- 
ment or evidence of progressive articular cartilage damage 
as a result of the instability. Patellar realignment for recur- 
rent instability is categorized as either proximal realignment 
(tightening, repairing, or reconstructing the medial soft tis- 
sue patellar restraints) or distal realignment (transposing 
the tibial tubercle medially or anteromedially (10) to cor- 
rect tubercle malalignment, as documented by an abnormal 
Q angle or TT-TG distance. Moving the tibial tubercle (dis- 
tal realignment) cannot be performed before skeletal matu- 
rity. Medial patellar instability is uncommon but can occur 
following previous lateral retinacular release (16). 

E Traumatic versus atraumatic instability is treated dif- 
ferently in regard to referral and surgical planning. 
Both entities should have all radiographic views upon 
presentation (weight-bearing AP, flexion PA, lateral at 
30 degrees of flexion, and axial images). It is impera- 
tive to obtain the axial radiograph in the emergency 
department for an acute traumatic patellar dislocation/ 
subluxation. Immediate referral should be obtained for 
acute traumatic subluxation/dislocation. Acute patellar 
dislocations are treated surgically if there are displaced 
osteochondral defects or for failure of reduction (which 
can only be assessed on the axial view) (11). 





OSTEOCHONDRAL INJURY 


E Osteochondral injuries are frequently encountered follow- 


ing acute traumatic subluxation/dislocation. The patient will 


commonly give a history of a traumatic event with possible 
continued instability. They also may have symptoms of a loose 
body within the knee joint. These injuries are best evaluated 
with plain x-rays (all four radiographic views), CT scan, and 
MRI in order to determine the size and location of the frag- 
ment. Osteochondral fractures should be evaluated acutely 
with arthroscopy. Large articular fragments can and should 
be fixed acutely, whereas nondisplaced stable fractures can be 
managed nonsurgically. 





FRACTURES 





E Fractures of the patella are most commonly from direct 


trauma to the anterior knee. Patella fractures can also occur 
via indirect mechanisms such as jumping or rapid flexion of 
the knee with maximal quadriceps contraction. Patellar frac- 
tures are most commonly transverse in orientation and are 
seen best on a lateral x-ray. Vertical fractures are rare and best 
seen on the sunrise view. Fracture types include undisplaced, 
transverse, lower or upper pole, comminuted, vertical, and 
stellate. Undisplaced fractures with an intact articular surface 
and preserved extensor mechanism are treated nonopera- 
tively with 6 weeks of bracing/casting in extension followed 
by progressive range-of-motion exercises. Displaced frac- 
tures are those with at least 3 mm of cortical disruption or 
2 mm of articular step-off on radiographs. These are treated 
with open reduction internal fixation (ORIF). Fractures that 
occur with patellar dislocation most commonly involve the 
lateral condyle or medial patellar facet. With a traumatic 
avulsion of the VMO in a previously normal knee, surgical 
repair and early motion are advocated. 
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BIOMECHANICS OF TENDON RUPTURES 





Extensor mechanism force ratio 


Patellar tendon force 
Quadriceps tendon force 





E Position of knee flexion directly affects this ratio. At knee 
flexion angles < 45 degrees, this ratio is > 1, whereas at knee 
flexion angles > 45 degrees, this ratio is < 1 (16). 

E At > 45 degrees, the patellar tendon has a mechanical advan- 
tage and is less susceptible to injury through tensile failure, 
whereas at positions < 45 degrees, the quadriceps tendon 
has a mechanical advantage and is less vulnerable to injury. 

E Tendon strain in response to tensile load is up to three 
times greater at the insertion sites than at the tendon mid- 
substance. Additionally, collagen fiber stiffness is less at the 
insertion sites. These biomechanical properties contribute to 
tendon rupture commonly occurring at their insertion sites 
rather than at their midsubstance (50,51). 

E Failure usually occurs during rapid eccentric muscular con- 
traction when markedly higher forces can be generated as 
compared to concentric muscular contraction (12). 

E This most often occurs with trauma causing forced exten- 
sion of a flexed joint. 

E Several metabolic diseases or direct steroid injection can pre- 
dispose to tendon rupture. These conditions include hyper- 
parathyroidism, calcium pyrophosphate deposition disease 
(CPPD), diabetes mellitus, chronic renal disease, gout, sys- 
temic lupus erythematosus, and rheumatoid arthritis (11,50). 

E Fluoroquinolone antibiotics and isotretinoin treatment 
have been associated with pathologic tendon alteration and 
increased incidence of tendon rupture (47,49). 





PATELLAR TENDON RUPTURES 





E The patellar tendon receives its blood supply from the vessels 
within the infrapatellar fat pad and retinacular structures (2,45). 

E The origin and insertion of the patellar tendon are relatively 
avascular. 
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Soft Tissue Knee Injuries 
(Tendon and Bursae) 


Ruptures of the patella tendon most typically occur in pa- 
tients less than 40 years of age and are frequently associated 
with sporting activities including football, basketball, and 
soccer (33). 

Ruptures are most common through the tendon—bone junc- 
tion at the distal pole of the patella. 

Histologic examination of rupture tendon often demon- 
strates an area of degeneration thought to predispose these 
patients to injury. 

Previous surgeries, including total knee arthroplasty, ante- 
rior cruciate ligament (ACL) reconstruction using autograft 
patellar tendon, and tibial intramedullary nailing, have been 
associated with postoperative patellar tendon ruptures (4,6,24). 


Clinical Presentation 


At time of injury, a pop is often heard with an acute onset of 

pain and swelling. Patient is usually unable to actively extend 

knee or maintain it in an extended position against gravity. 

Chronic cases present with an extensor lag (33). 

A palpable defect is commonly present just below the distal 

pole of the patella. 

Concomitant ACL injuries are not uncommon and should 

be clinically ruled out. 

Plain radiographs often demonstrate a patella alta in com- 

parison to the opposite knee using the Insall-Salvati Index 

(> 1.2) (1). 

Length of patellar tendon 
Length of patella 





Insall — Salvati Index = 


(Normal value 0.8-1.2) 


An osseous fragment is present at times at the distal pole of 
the patella when an avulsion is part of the injury. 

Magnetic resonance imaging (MRI) is useful in cases where 
partial injury is suspected. 


Treatment 


Partial tendon injuries can be treated conservatively by cylinder 
cast or brace with the leg placed in full extension for 4-6 weeks 
followed by progressive range of motion and strengthening. 
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Complete ruptures should be directly repaired on an acute 
basis through transosseous drill holes through the patella. 
Once secured, the knee should have at least 90 degrees of 
flexion to avoid overconstraint. Primary repairs are often 
augmented with wire, mersilene tape, suture, or autologous 
hamstring tendon or iliotibial band (27). 

Chronic ruptures can involve proximal patellar migration 
and can often require quadriceps mobilization or V-Y ad- 
vancement in order to restore patellar height. 
Semitendinosus/gracilis augmentation is recommended in 
the chronic scenario. Achilles tendon or patellar tendon allo- 
graft has often been found useful to replace/reinforce the 
reconstruction in chronic situations (17). 


Complications 


After surgery, complications include knee stiffness and weak- 
ness. Rerupture is rare. Restoration of normal patellofemo- 
ral tracking and height at the time of surgery is essential 
to achieve optimal results. Residual weakness of extensor 
mechanism is more common in delayed repairs. 





QUADRICEPS TENDON RUPTURES 





The quadriceps tendon is a coalescence of tendinous por- 
tions of the rectus femoris, vastus lateralis, vastus inter- 
medius, and vastus medialis muscles. 


The quadriceps tendon receives its vascular supply from an 
anastomotic network including the lateral circumflex femo- 
ral artery, descending geniculate artery, and medial/lateral 
geniculate arteries (40). 

There is an avascular region of the deep part of the quadri- 
ceps tendon measuring 1.5 X 3.0 cm. 


Ruptures of the quadriceps tendon most typically occur 
in patients over 40 years of age and are three times more 
frequent than patella tendon ruptures. Unilateral injuries are 
up to 20 times more frequent than bilateral injury (18). 

The site of rupture usually occurs through a degenera- 
tive area within the tendon and seldom occurs in younger 
individuals. Systemic disease can lead to tendon degen- 
eration and predispose to infrequent bilateral tendon 
ruptures (29). 


Clinical Presentation 


Pain is often present before rupture. At time of injury, a pop 
is often heard with an acute onset of pain and swelling. 

In cases of partial injury or complete injuries that do not 
extend to include the retinacular tissue, the patient may be 
able to extend and resist gravity with an associated extensor 
lag, but in complete injuries, this is not possible. 


A palpable defect at the site of rupture is usually felt just 
superior to the proximal pole of the patella. 
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Plain radiographs often demonstrate patellar baja, an avul- 
sion of the superior pole of the patella, spurring of the 
superior patellar region, or calcification within the quadri- 
ceps tendon. Insall-Salvati Index is less than 0.8 (1). 

MRI is a useful adjunct study because it can demonstrate 
partial ruptures or preexisting disease within the quadriceps 
tendon. 


Treatment 


Partial tears are often responsive to conservative treatment 
when the patient presents primarily with pain and has little 
loss of strength, retaining the ability to actively extend the 
knee against gravity. 

Conservative treatment consists of a long leg cylinder cast 
in full extension for 4—6 weeks, with progressive range of 
motion and strengthening thereafter for partial injuries. 
Complete ruptures respond best to immediate surgical re- 
pair in a direct end-to-end fashion after tendon debridement 
of necrotic tissue or with transosseous tunnels through the 
patella (42). 

Chronic rupture involving more significant tendon retrac- 
tion often require quadriceps tendon advancement through 
a tendon Z-plasty or V-Y tendon lengthening and advance- 
ment technique. Interpositional autograft/allograft tendon 
has been used with success in this scenario (46). 


Success of repair is directly related to the length of time 
between injury and the time of surgery, with more chronic 
repairs producing less favorable outcomes. Age is also a 
factor, with better results in younger patients (26). 

The most common complications after surgery or conserva- 
tive treatment include decreased quadriceps strength/function 
with an associated extensor lag and lack of knee flexion. 





GASTROCNEMIUS RUPTURE 





Often referred to as tennis leg. 

Traumatic injury to middle-aged athlete presenting as sud- 
den pain in posterior proximal calf region. Significant pain, 
swelling, and ecchymosis usually occur with 24 hours. 
Involves tearing of the medial head of the gastrocnemius 
muscle typically at its musculotendinous junction (35). 
Mechanism of injury combines ankle dorsiflexion in combi- 
nation with knee hyperextension. 


Differential Diagnoses 


Differential diagnoses involve plantaris rupture, thrombo- 
phlebitis, and an acute compartment syndrome (48). 

MRI remains the imaging modality of choice. Ultrasound 
can be employed to rule out thrombophlebitis. 

Can be associated with an acute compartment syndrome 
secondary to swelling. 
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Treatment 


E Treatment of isolated ruptures of the medial gastrocne- 
mius involves compressive wrapping, activity modification 
including crutches if necessary, ankle range of motion, ice, 
and anti-inflammatory medications (13). 





PATELLAR TENDINITIS 





E Caused by activities involving repeated extension of the 
knee. 

E Termed jumper’s knee, because it is most common in sport- 
ing activities such as basketball, volleyball, and soccer. Seen 
most commonly in younger individuals from their adoles- 
cent years to 40 years of age (10). 

Œ Predisposing factors include abnormal patellofemoral track- 
ing, patellar alta, chondromalacia, Osgood-Schlatter disease, 
and leg length discrepancy. 

E Can be confused with Sindig-Larsen-Johansson disease, 
which is a traction apophysitis of the distal pole of the patella 
that presents with similar complaints in a younger age group 
(usually under 20 years old). 

E Involves the most proximal part of the patellar tendon and 
its attachment to the distal pole of the patella. This area of 
tendon is thought to impinge under the patella during knee 
flexion, causing injury to the tendon (25). 

E The affected area of tendon resembles tendinosis in the form 
of tendon degeneration and not inflammation. Histologi- 
cally, this tissue is characterized as undergoing angiofibro- 
blastic hyperplasia with fibroblast proliferation, new blood 
vessel formation, chondromucoid deposition, and collagen 
fragmentation (23). 


Clinical Presentation 


ŒE Pain occurs with palpation in the area of tendon involvement 
just distal to its insertion on the inferior pole of the patella. 

E Pain is increased with activity requiring knee extension 
against resistance. 

E Tendon may acquire bogginess; however, there is no associ- 
ated joint effusion. 

E Blazina et al. (3) have classified this condition based on the 
patients’ symptoms: (a) Pain only after activity. (b) Pain is 
present before activity, and then disappears, only to return 
near the end of activity with muscular fatigue. (c) Pain 
is constant with both rest and activity. (d) Patellar tendon 
rupture. 


Radiographic Evaluation 


Œ Mainly a clinical diagnosis, but plain x-rays, although usu- 
ally normal, can at times demonstrate an osteopenia at the 
distal pole of the patella, a traction osteophyte in the area of 
involvement, and calcification of the tendon. 


Musculoskeletal Problems in the Athlete 


E MRI is the study of choice in the chronic setting because 
it can clearly identify the area of tendon involvement. This 
area usually involves the posterior aspect of the tendon in its 
proximal third (20). 


Treatment 


E Conservative treatment is usually successful and includes 
rest, ice, and anti-inflammatory medication. Therapeutic 
modalities including ultrasound, iontophoresis, and phono- 
phoresis are helpful in pain relief (31,39). 

E Once the pain has subsided, physiotherapy in the form of 
quadriceps strengthening and hamstring stretching is begun 
with gradual return to activity. 

E An elastic knee sleeve or counterforce brace (Cho-Pat—type 
brace) has also proved beneficial. 

E More chronic cases with pathology demonstrable on MRI 
scan require surgical debridement and excision of the dis- 
eased tendon and adjacent bone through either an open or 
arthroscopic approach (5,14,44). 





QUADRICEPS TENDINITIS 





E Not as common as patellar tendonitis but has similar risk 
factors. 

E Repetitive microtrauma through overuse can lead to local- 
ized degeneration of the quadriceps tendon at its insertion 
into the superior pole of the patella. 

E Chronic symptoms in this area appear to be a risk factor for 
future tendon rupture. 


Clinical Presentation 


E Pain with exertion and tenderness over affected area of quad- 
riceps insertion. This most commonly is the lateral aspect of 
the tendon. 

E Radiographs often demonstrate calcification of the tendon 
at its insertion to the patella or a traction osteophyte at the 
osseous margin. 


Treatment 


‘Treatment is similar to that of patellar tendonitis. Results of 
conservative treatment are excellent, although more chronic 
cases can require open surgical debridement (19). 





POPLITEUS TENDINITIS 





E Popliteus tendon travels from its origin on the lateral femo- 
ral condyle posterolaterally through the popliteal hiatus to 
insert on the posterior aspect of the proximal tibia (30). 

H Injuries to this area are a cause of posterolateral knee pain and 
can occur both acutely (i.e, ACL rupture or posterolateral 
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corner injuries) or more chronically as an overuse phenom- 
enon. Chronic injuries most often occur with excessive down- 
hill running or walking (i.e., backpacking) (34,37). 


Clinical Presentation 


H Pain to palpation posterolaterally over the popliteus tendon. 
This is best appreciated clinically by placing the leg in a 
figure-of-four position and palpating at the origin of the 
popliteus just anterior to the lateral femoral epicondyle. 


E Differential diagnosis includes iliotibial band syndrome, lat- 
eral meniscal tear, and biceps femoris tendonitis. LCL and 
posterolateral corner ligamentous injuries usually occur with 
acute trauma as opposed to a chronic injury. 


Treatment 


E Includes rest and activity modification in the form of elimi- 
nating downhill activity. Anti-inflammatory medication and 
physiotherapeutic modalities are also helpful (34). A gener- 
alized knee-strengthening program is instituted following 
resolution of symptoms. 





ILIOTIBIAL BAND SYNDROME 





E Most common cause of lateral-sided knee pain in long- 
distance runners. Also seen in cyclists, weightlifters, and 
football, soccer, and tennis players. Often precipitated by 
downhill running (38). 


E Caused by excessive friction between iliotibial band and lat- 
eral epicondyle. Knee flexion angle of 30 degrees maximizes 
friction between these two structures, causing an ensuing 
bursitis. 


E Anatomic factors predisposing to this condition include 
genu varum, tibial varum, varus hindfoot, and compensa- 
tory foot hyperpronation. 


Clinical Presentation 


E Lateral-sided knee pain that usually is present after initial 
warm-up that often causes cessation of activity. Pain not 
present at rest. 


E Point of maximal tenderness is approximately 3 cm proximal 
to lateral joint line over lateral epicondylar region. 


E Ober’s and Noble’s tests are positive and can confirm diagnosis. 


E Obers test: Patient is placed in lateral decubitus position 
with the affected extremity upwards. The unaffected knee 
and hip are flexed. The involved knee is flexed and hip hyper- 
extended and adducted. Tightness or pain along the iliotibial 
tract will prevent the affected extremity from adducting be- 
low the horizontal created by the patient’s torso (43). 

E Noble’s test: Patient is in supine position with the knee flexed 
90 degrees. Pain is elicited in lateral epicondylar region when 
the patient’s knee is extended between 30 and 40 degrees. 


Soft Tissue Knee Injuries (Tendon and Bursae) 437 


E Radiographs are negative in this condition. MRI can 
confirm more chronic cases unresponsive to conservative 
treatment. 


Treatment 


E Conservative treatment focusing on iliotibial tract, ham- 
string, and hip external rotator stretching combined with 
strengthening of the hip abductors is usually successful when 
combined with activity modification and anti-inflammatory 
treatment. Foot orthotics can also be a useful adjunct in con- 
servative treatment. 


E Surgical excision of the posterior aspect of the iliotibial 
tract overlying the lateral epicondyle at 30—40 degrees of 
knee flexion is effective in chronic cases not responding to 
conservative treatment (32). 





PREPATELLAR BURSITIS 





E Prepatellar bursa is a potential space of synovial tissue that 
functions to decrease the friction between the overlying 
subcutaneous tissue and patella. 


E A bursitis can result from an acute injury, infection, systemic 
disease (i.e., gout), or chronic activity or overuse (8). 


= Commonly seen in the sport of wrestling (36). 


Clinical Presentation 


E Patients typically present with swelling superficial to the 
patella. Knee range of motion may be limited at the extremes 
of flexion pending the size of the collection but is painless. 
There is no associated effusion. Crepitation and thickening 
of the tissue involving the bursal tissue are often present in 
more chronic cases. 

E Warmth, erythema, and pain to palpation may signify a 
septic process, but aspiration is necessary to confirm this 
because not all infected bursae are clinically demonstrable. 


E Most common infecting organisms include Staphylococcus 
aureus and streptococcal species. 

E On synovial fluid analysis, greater than 75% polymorphonu- 
clear cell differential is most accurate in confirming a septic 
process. Total white blood cell count and glucose levels are 
less predictable (15). 

E Radiographs are usually negative aside from radiolucency 
in the area of the bursitis. In cases involving gouty deposits, 
calcific stippling can be seen. 


Treatment 


E Treatment for aseptic bursitis in this region is activity modi- 
fication, compressive wrapping, and anti-inflammatory 
medications. In more chronic situations, aspiration in com- 
bination with immobilization in extension can be useful. 
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Septic or more chronic aseptic processes are best treated with 
surgical excision via open or arthroscopic techniques. Cases 
of septic bursitis should be treated with postoperative anti- 
biotics sensitive to the infecting organism (22). 





PES ANSERINE BURSITIS 





Pes anserine bursa is the synovial tissue overlying the attach- 
ment of the sartorius, gracilis, and semitendinosus tendons. 


Patients present with pain over this bursal region with often 
some swelling in this region. 

Differential diagnoses include medial collateral ligament in- 
jury, medial meniscal tear, medial compartmental arthritis, 
patellofemoral syndrome, saphenous neuritis, and stress frac- 
ture or avascular necrosis of the medial tibial plateau (28). 


Treatment 


Treatment comprises activity modification, anti-inflammatory 
medications, hamstring stretching, and physiotherapy mo- 
dalities. Recalcitrant cases often respond to a corticosteroid 
injection. 





SYNOVIAL PLICAE SYNDROME 





Plicae are defined as synovial folds of tissue within the knee. 
They are described as suprapatellar, infrapatellar, medial, or 
lateral based on their position within the knee (7). 

Ninety percent of cadavers studied on anatomic dissection 


have the presence of at least one of the synovial plicae 
described. 


Not all plicae are symptomatic. Differential diagnoses 
include patellofemoral syndrome and meniscal/chondral 
pathology. Medial plicae are most commonly associated with 
symptoms. Its presence noted at the time of arthroscopy in 
all patients ranges from 19% to 70% (21,41). 

Patients often describe pain over the affected plicae in 
combination with intermittent snapping or giving way. 
Clinically, this snapping can often be elicited with manip- 
ulation of the plicae at varying degrees of flexion between 
45 and 60 degrees. 

Radiographic studies, including x-rays and MRI, are usually 
negative. The latter is often obtained to rule out other intra- 
articular pathology. 


Treatment 


Treatment is usually conservative with nonsteroidal anti- 
inflammatory drugs and activity modification. Steroid injec- 
tions, either into the plica or placed into the intra-articular 
space, have proven to be effective in more unresponsive 
cases. 


Musculoskeletal Problems in the Athlete 


Arthroscopic resection is limited to patients not responding 
to conservative treatment and has mixed results. Associated 
chondral injuries and concurrent patellofemoral maltracking 
have been implicated in arthroscopic failures, which have 
been reported to be as high as 30% (9). 
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DEFINITION OF ANKLE SPRAIN 





An ankle sprain is a tear of the ligaments supporting the 
ankle joint. 

Ankle sprains are common. They constitute 25% of all 
sports-related injuries (33). 

Ankle sprains make up 21%—53% of basketball injuries and 
17%-29% of all soccer injuries (13,19). 

An age of 10-19 years old is associated with higher rates of 
ankle sprain. Nearly half of all ankle sprains occur during 
athletic activity, with basketball (41.1%), football (9.3%), 
and soccer (7.9%) being associated with the highest percent- 
age of ankle sprains during sports (61). 





ANATOMY AND PATHOPHYSIOLOGY 





Anatomy 


The ankle, or talocrural, joint consists of the talus, tibial pla- 
fond, medial malleolus, and lateral malleolus. The distal tibia 
and lateral malleolus form a mortise, in which the talus sits. 
The talus is wider anteriorly than posterior, thus resulting in 
a tighter fit and more stable articulation between the talus 
and mortise during ankle dorsiflexion. 

Ankle joint stability depends on joint congruency and the 
supporting ligamentous structures. 

The lateral ankle ligaments are the anterior talofibular liga- 
ment (ATFL), calcaneofibular ligament (CFL), and posterior 
talofibular ligament (PTFL). The medial ankle ligaments are 
the deep and superficial portions of the deltoid ligament. 
The relative strengths of the ankle ligaments from weakest to 
strongest are ATFL, CFL, PTFL, and deltoid (4). 

The syndesmotic ligaments connect and stabilize the distal 
fibula to the distal tibia. The syndesmotic ligaments are 
the anterior tibiofibular ligament, posterior tibiofibular 
ligament, transverse tibiofibular ligament, interosseous liga- 
ment, and interosseous membrane. 

The subtalar (talocalcaneal) joint lies inferior to the ankle 
joint and is responsible for hindfoot inversion and eversion. 
Up to 50% of clinical ankle inversion occurs at the subtalar 
joint (51). 
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Joint Mechanics 


E The ankle is a hinge joint that permits flexion, extension, and 
rotation. The talus externally rotates with ankle dorsiflexion 
and internally rotates during plantarflexion (46). 

E The distal fibula externally rotates during ankle dorsiflexion 
and moves distally during weight bearing, thus deepening 
and stabilizing the ankle mortise (60). 

E The ankle mortise widens with ankle dorsiflexion and with 
weight bearing. 

E The ATFL and CFL act synergistically to resist ankle inversion 
forces. The ATFL resists ankle inversion in plantarflexion, 
and the CFL resists ankle inversion during ankle dorsiflexion. 

E The CFL spans both the lateral ankle joint and lateral subta- 
lar joint, thus contributing to both ankle and subtalar joint 
stability (51). 

E The PTFL limits posterior talar displacement and external 
rotation (48). 

E The deltoid ligament resists ankle eversion, external rotation, 
and plantarflexion. In cases of distal fibular fracture and 
mortise instability, it restrains lateral talar translation (23). 


Injury Mechanisms 


E The most commonly sprained ankle ligament is the ATFL, 
followed by the CFL and then the PTFL. An isolated CFL or 
PTFL tear is rare. A tear of the ATFL almost always precedes 
a CFL tear. The ATFL is almost always torn, the CFL and 
PTFL are torn 50%—75% of the time, and the PTFL is torn in 
< 10% of ankle sprains (16). 

E Lateral ankle sprains occur as a result of landing on a plantar 
flexed and inverted foot. These injuries occur while running 
on uneven terrain, stepping in a hole, stepping on another 
athlete’s foot during play, or landing from a jump in an 
unbalanced position. 

E A syndesmotic ankle sprain, or “high ankle sprain,” occurs as a 
result of forced external rotation of a dorsiflexed foot or during 
internal rotation of the tibia on a fixed planted foot. A common 
mechanism is a direct blow to the back of the ankle while the 
patient is lying prone with the foot externally rotated (64). 


E Isolated deltoid ligament sprains are rare and are usually 
accompanied by a lateral malleolar fracture and/or a syn- 
desmotic injury. The deltoid ligament is injured through a 
mechanism of external rotation or eversion. 


Injury Prevention 


A balance training program has been shown to reduce the 
rate of ankle sprains in high school soccer and basketball 
players by one-third to one-half (14,34). 

Studies are mixed regarding the efficacy of prophylactic 
bracing of athletes. A retrospective study of female col- 
lege volleyball players who wore bilateral double-upright 
padded ankle braces showed a 93% reduction in ankle 
sprain incidence compared to the overall ankle injury rate 
in the National Collegiate Athletic Association (NCAA) 
(38). A prospective study of high school volleyball players 
found that ankle bracing did not overall decrease the 
incidence of sprains, except in those players who had not 
had a previous sprain. Players with a previous history of 
ankle sprain did not benefit from prophylactic bracing to 
prevent additional sprains. Players who had never had a 
sprain did show a lower incidence of initial ankle sprains 
with bracing (18). 


Ligament Pathophysiology 


Ligamentous injuries undergo a series of phases during the 
healing process: hemorrhage and inflammation, fibroblas- 
tic proliferation, collagen protein formation, and collagen 
maturation (1,9). 

Early mobilization of joints following ligamentous injury 
actually stimulates collagen bundle orientation and pro- 
motes healing, although full ligamentous strength is not 
reestablished for several months (36,56,58). 

Early treatment focuses on limiting soft tissue effusion, which 


speeds the healing process by lessening the amount of extra- 
cellular fluid and hematoma to be reabsorbed (24,43,55). 





PHYSICAL EXAMINATION 





Lateral ankle swelling and ecchymosis are present and are 
proportional to the degree of ligament damage. 

Careful one-finger palpation is essential to define areas of 
tenderness and avoid misdiagnosis of associated fractures or 
tendon ruptures. 

Common fractures that mimic ankle sprains are fractures of 
the lateral malleolus and medial malleolus, fifth metatarsal 
base, anterior process of the calcaneus, lateral process of the 
talus, posterior talar process, talar dome, and navicular. 
Commonly missed tendon injuries are Achilles ruptures, 
peroneal tendon tears, peroneal tendon subluxation/disloca- 
tion, posterior tibial tendon injuries, anterior tibial tendon 
tears, and flexor hallucis longus tendon ruptures. 

A careful neurologic examination is essential to rule out loss 
of sensation or motor weakness, because peroneal nerve and 
tibial nerve injuries are sometimes seen with severe lateral 
ankle sprains (35). 
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DIAGNOSTIC TESTS 





Anterior Drawer Test 


Tests the integrity of the ATFL. 

Performed by stabilizing the anterior tibia just above 
the ankle with one hand while grasping the posterior heel 
with the other hand and applying an anteriorly directed 
force, and therefore attempting to translate the talus 
anteriorly. 

The test should be performed on a relaxed leg with the knee 
bent and the ankle held in slight plantarflexion. 

Normal anterior talar translation is less than 5 mm. The 
contralateral asymptomatic ankle should also be tested as a 
baseline. 


Inversion Stress Test or Talar Tilt Test 


Tests the integrity of the ATFL and CFL. 


Performed by grasping the heel and inverting the ankle. 
A clunk may be heard or palpated in unstable ankles, as the 
medial talar dome impacts the distal tibial medial articular 
surface, indicating injury to one or both ligaments. 

This test should be performed with the ankle in both 
dorsiflexion (to test the CFL) and plantarflexion (to test the 
ATFL). 


Suction Sign 


Tests the integrity of the ATFL. 

During performance of the anterior drawer test, an unstable 
ankle will produce a dimple in the anterolateral ankle as the 
talus reaches it full anterior excursion. The dimple is formed 
by negative pressure within the ankle joint (26). 


Squeeze Test 


Tests the integrity of the syndesmotic ligaments. 

The squeeze test is performed by placing the fingers over the 
proximal half of the fibula and thumb around the tibia and 
squeezing the two bones together. Pain in the distal ankle 
may indicate a syndesmotic injury (28,42). 


External Rotation Stress Test 


Tests the integrity of the syndesmotic ligaments. 

The external rotation stress test is performed on the seat- 
ed patient by externally rotating the foot while stabilizing 
the tibia with the other hand. Medial ankle pain or lateral 
talar motion indicates that a syndesmotic injury may be 
present. 

Confirmatory anteroposterior and lateral external rotation 
stress radiographs will document widening of the syndesmo- 
sis and lateral talar subluxation (12,65). 
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IMAGING 





Ottawa Ankle Rules (52) 


Every sprained ankle does not require screening radiographs. 


Anteroposterior, lateral, and oblique radiographs should be 
obtained if any of the below criteria are present: 


E Lateral or medial malleolar bone tenderness is present. 


E Patient is unable to bear weight for four steps both im- 
mediately after injury and in the emergency department. 

The Ottawa ankle rules do NOT apply in the following 

settings: 

E Age less than 18 years 

® Multiple painful injuries 

E Pregnancy 

E Diminished sensation due to neurologic deficit 


These criteria have been found to be 100% sensitive for 
detecting fracture while decreasing the incidence of un- 
needed radiographs (52). 


Radiographs 


If radiographs are warranted, they should be examined 
closely for the following fractures that mimic ankle sprains: 


Medial or lateral malleolus 

Talar dome 

Posterior malleolus (posterior distal tibia) 
Posterior talar process 

Lateral talar process 


Anterior calcaneal process 


“Flake fracture” off the posterior distal fibular rim, indi- 
cating a tear of the superior peroneal retinaculum and 
peroneal tendon dislocation 

E Navicular fracture 


E Widening of the medial clear space between the medial 
talar facet and medial malleolus, produced by lateral talar 
subluxation indicative of a tear of the deltoid ligament 
and probable syndesmotic ligament instability 


Stress Radiographs 


Not required to make a diagnosis of an acute ankle sprain. 
Used primarily to document mechanical instability as a 
cause of chronic lateral ankle instability symptoms. 

Can be performed with or without the injection of local 
anesthetic into the lateral ankle. An injection of 5 cc of 1% 
Xylocaine (lidocaine) into the anterolateral ankle may yield a 
more reliable test due to patient comfort. 

Talar tilt test 


E The talar tilt test is performed by taking an anteropos- 
terior or mortise view of the ankle while performing an 
inversion stress on the slightly plantarflexed ankle. 
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E The talar tilt angle is obtained by measuring the angle 
subtended by a line parallel to the distal tibial articular 
surface and a line drawn along the superior articular sur- 
face of the talus. 

E Most authors agree that a difference of 5-15 degrees in 
talar tilt between the injured and uninjured side is diag- 
nostic of mechanical ankle instability (44). 

Anterior drawer test 

E Anterior drawer stress radiographs are performed by 
taking a lateral radiograph of the ankle while attempting 
to translate the talus anteriorly within the mortise, as in 
the clinical anterior drawer test. 

E The anterior drawer is measured as the shortest distance 
between a point on the posterior aspect of the distal tibial 
articular surface and a point on the posterior aspect of 
the talar dome. 

E An anterior drawer difference of greater than 3 mm 
between injured and uninjured ankles is thought to be 
diagnostic of ATFL laxity (2). 

Stress radiographs for syndesmotic instability 

E A mortise stress radiograph of the ankle syndesmosis can 
be obtained by placing an external rotation force on the 
ankle while stabilizing the proximal tibia with the knee 
flexed 90 degrees. 

E Abnormal widening of the mortise and lateral talar shift 
indicates distal syndesmotic instability. 


Magnetic Resonance Imaging 


Magnetic resonance imaging (MRI) is not needed for diag- 
nosis in the acute setting unless occult fractures or tendon 
injury is suspected. 

MRI is most useful in diagnosing causes of the “chronically 
sprained” ankle, and MRI can diagnose talar dome inju- 
ries, peroneal tendon tears, bone bruises, or other occult 
fractures. 


Computed Tomography Scan 


Not needed in the acute setting unless an occult fracture is 
suspected. 

More valuable than MRI in delineating bone or joint pathol- 
ogy (i.e., talar dome fractures, lateral talar process fractures, 
tarsal coalition, subtalar arthritis, and loose bodies). 





GRADING 





Grading of ankle sprains helps to guide treatment, rehabili- 
tation, and prognosis. The grade is based on the number of 
ligaments injured, degree of ligament tearing (partial vs. 
complete tear), and amount of swelling and ecchymosis. 
The West Point ankle grading system is a useful tool for 
grading ankle sprains (Table 64.1) (21). 





Table 64.1 


West Point Ankle Sprain Grading System 





Stage 1 Stage 2 Stage 3 
Edema/ Localized/slight Localized/ Diffuse/ 
ecchymosis moderate significant 
Weight-bearing Full or partial Difficult with- Impossible 
ability without sig- out crutches 
nificant pain 
Ligament Ligament Partial tear Complete 
pathology stretch tear 
Instability None None or slight Definite 
testing 
Time to return 11 days 2-6 weeks 4-26 weeks 


to sporting 
activities 








INITIAL TREATMENT 





PRICE — Protection, Rest, Ice, Compression, 


levation (44) 


Protection — Accomplished with the use of taping, a lace-up 
splint, a thermoplastic ankle stirrup splint, a functional 
walking orthosis, or a short leg cast. Early protected range 
of motion in a flexible or semirigid orthosis is superior to 
rigid cast immobilization in terms of patient satisfaction, 
return of motion and strength, and earlier return to func- 
tion (3,30,31,41). Protected weight bearing in an orthosis is 
allowed with weight bearing to tolerance as soon as possible 
following injury. Crutches are used until pain-free weight 
bearing is achieved. 

Rest — Interruption of training in running or jumping 
sports is essential in limiting swelling and preventing early 
reinjury. Length of time to return to sports depends on 
injury grade (see Table 64.1). 

Ice — Cryotherapy is the application of cold to the ankle 
in the form of ice bags, a cold whirlpool, or a commercially 
available compressive cuff filled with circulating coolant. 
Early use of cryotherapy has been shown to enable patients 
to return to full activity more quickly (27). 


Compression — Compression can be applied to the ankle 
by means of an elastic bandage, felt doughnut, neoprene or 
elastic orthosis, or pneumatic device. 

Elevation — This initial treatment attempts to limit the 
amount of hematoma and extracellular fluid accumulation 
edema around the ankle in order to speed ligamentous 
healing. 


Rehabilitation: 5 Phases (44) 


Acute — PRICE: Goal is to limit effusion, reduce pain, and 
protect from further injury. 
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Subacute — Focus is on eliminating pain, increasing pain-free 
range of motion, continued protection against reinjury with 
bracing, limiting loss of strength with isometric exercises, and 
continued modalities to decrease pain and effusion. 


Rehabilitative — Emphasizes regaining full pain-free motion 
with joint mobilization and stretching, increasing strength 
with isotonic and isokinetic exercises, and proprioceptive 
training. 

Functional — Focuses on sports-specific exercises with a 
goal to return the patient to sports participation. 
Prophylactic — Seeks to prevent recurrence of injury through 
preventative strengthening, functional proprioceptive drills, 
and prophylactic support as needed. An 8-week propriocep- 
tive training program has been shown to reduce the recur- 
rence of ankle sprains and to be cost effective (29). 


Treatment of Syndesmotic Ligament Injury, 
or “High Ankle Sprain” 


PRICE 

If the mortise is not widened or fractured, protection is in 
the form of a short leg cast or brace for 4 weeks, followed by 
physical therapy. 

In the presence of diastasis between the distal fibula and tibia 
on x-ray, operative stabilization of the syndesmotic ligament 
is required with a syndesmotic screw placed through the 
distal fibula and tibia parallel to the ankle joint. 


The patient should be warned that these injuries result in 
longer periods of disability than do injuries to the lateral col- 
lateral ligaments. In one study, only 44% of 16 patients had 
an acceptable outcome at 6 months (21). 

Heterotopic ossification of the distal syndesmosis has been 
reported in up to 25% of patients, although no correlation to 
ossification with functional outcome has been found (54). 


Nonsurgical Treatment Results 


Primary ligamentous repair has not been supported by 
studies comparing early surgery to functional treatment of 
ankle sprains (50,62,66). MRI has documented satisfactory 
healing of lateral ankle ligaments with the use of a functional 
ankle brace (11). 

A prospective study of 146 patients with grade 3 ankle 
sprains who were randomized into operative and non- 
operative groups found that the group treated with an 
ankle orthosis returned to work faster. No difference in 
joint laxity was found on stress radiographs 2 years after 
injury (40). 

A second controlled prospective study of 51 patients with 
grade III sprains randomized into operative and non- 
operative groups followed for a mean of 14 years showed 
no difference in mean ankle score, ankle stability on stress 
radiographs, and return to preinjury functional level. 
Surprisingly, osteoarthritis was more common in the opera- 
tive group (39). 
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CHRONIC ANKLE PAIN AND INSTABILITY 





E 
Pain versus Instability 
E For residual symptoms following an ankle sprain, initial work- 
up should center on whether the patient’s chief complaint is 
pain or instability. This determination dictates further workup = 


on the different sides of the diagnostic algorithm (Fig. 64.1). 


Chronic Ankle Pain 


E Ina retrospective study of 457 patients treated with immo- 
bilization or bracing, 72.6% reported residual symptoms a 
at 6-18 months (6). A study of 96 ankle sprains in West 
Point cadets found residual symptoms in 40% of ankles at 
6 months after injury (21). E 

E Common causes of chronic ankle pain are occult fractures, 
tendon tears, nerve injury, or ankle soft tissue impingement. 

E An MRI or bone scan (technetium-labeled nuclear medi- 
cine study) is an excellent screening test to rule out occult m 
fractures and to guide further treatment. If either test re- 
veals an abnormality, then a spot radiograph or computed 


Main problem is INSTABILITY 


Stress tests Stress tests 
POSITIVE NEGATIVE 





Surgical Treatment of functional POSITIVE 


POSITIVE Positive for 
reconstruction instability. for fracture for talar OCD tendon tear, 
of lateral Proprioception exercises, or nonunion surgical repair 
ligaments peroneal strengthening 


Consider CT Cast, ankle Consider 
scan to better arthroscopy, diagnostic 


delineate 
fracture 


tomography scan is useful in further identifying the exact 
location of fracture. 

Occult or associated injuries to the tendons of the foot 
and ankle should also be considered. The physical exam is 
crucial in testing for tendon integrity, strength, or tendon 
sheath swelling. MRI is the most useful exam to identify and 
confirm tendon injuries. 


Injury to the lateral ankle ligaments may produce scarring 
of the ATFL and joint capsule, leading to the formation of 
“meniscoid tissue” in the anterolateral ankle. This inflamed 
tissue is pinched between the talus, fibula, and tibia, leading 
to a condition called anterolateral impingement (63). 


MRI has been shown to have a 78.9% accuracy, 83.3% sensi- 
tivity, and 78.6% specificity in the diagnosis of anterolateral 
soft tissue impingement (15). 

The distal fascicle of the anteroinferior tibiofibular ligament 
may abrade the anterolateral surface of the talus during 
ankle dorsiflexion during abnormal anterior translation of 
the talus (5). 

An anomalous or accessory peroneal tendon may also cause 
chronic posterolateral ankle pain (57). Its presence is con- 
firmed by MRI. 


Main problem is PAIN 


or open injection of 
treatment local anesthetic 


Cast, surgical Pain relieved, 
ORIF or diagnostic ankle 

fragment arthroscopy for 

excision occult OCD or 





soft tissue Treat 
impingement symptoms 


Figure 64.1: Chronic ankle pain algorithm. CT, computed tomography; MRI, magnetic resonance imaging; ORIF, open 


reduction internal fixation. 


Nerve injury may result due to traction on the nerve during 
an inversion sprain. Electromyography performed 2 weeks 
after lateral ankle sprains in 36 patients with grade III inju- 
ries showed an 86% incidence of peroneal nerve injury and 
83% incidence of tibial nerve injury (35). A cadaver study 
of a simulated ankle sprain has shown that traction on the 
superficial peroneal nerve causes nerve strain of enough 
magnitude to result in nerve injury (37). 


Chronic Ankle Instability 


If the primary problem is ankle instability, the patient will 
experience feelings of “giving way” of the ankle on uneven 
ground, inability to play cutting or jumping sports, loss of 
confidence in ankle support, and reliance on braces, and give 
a history of multiple ankle sprains. 


The ankle should be evaluated with stress radiographs. If the 
stress radiographs are positive for mechanical lateral liga- 
mentous laxity, then surgery is indicated to reconstruct the 
deficient ligaments. 


If stress radiographs disprove mechanical laxity of the lateral 
ankle ligaments, then the patient may have functional ankle 
instability rather than true mechanical ankle instability. Func- 
tional instability is due to deficient neuromuscular control of 
the ankle, impaired proprioception, and peroneal weakness 
(17,20). Treatment in this case should be directed toward 
restoring peroneal tendon strength, restoring ankle motion, 
and improving ankle proprioception with physical therapy. 
Chronic recurrent lateral ankle instability is associated with 
chondral damage. Ankle arthroscopy in 93 patients with 
chronic ankle instability showed moderate to severe carti- 
lage damage in 41 patients (44%) (53). A retrospective study 
of 247 patients with ankle arthritis identified 33 patients 
with ligamentous end-stage ankle osteoarthritis. Eighty- 
five percent of patents had injured the lateral ligaments, 
and 15% of patients had injured both medial and lateral 
ankle ligaments. Mean time from injury to osteoarthritis was 
34.3 years (59). 

Other causes for ankle instability not demonstrated by stress 
radiographs include rotational instability of the talus, sub- 
talar instability, distal syndesmotic (tibiofibular) instability, 
and hindfoot varus malalignment (25). 





SURGICAL TREATMENT 





Indications for Surgery 


Multiple episodes of mechanical instability, i.e., difficulty 
walking on uneven ground, inability to play cutting sports, 
lack of confidence in ankle stability 


Demonstration of mechanical instability on stress radiographs 


Failure of a full course of physical therapy emphasizing pero- 
neal strengthening and proprioceptive training 


Failure of a course of bracing 
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Surgical Procedures 


Most procedures are designed to tighten or reconstruct the 
ATFL and CFL. 


Ankle reconstructive procedures are described either as ana- 
tomic or nonanatomic procedures. Anatomic reconstruc- 
tions attempt to tighten lateral ligaments or transfer tendons 
into the exact anatomic locations of the ATFL and CFL. 
Nonanatomic reconstructions use tendon transfers to act 
as a tenodesis on the lateral side of the ankle, although they 
do not attempt to place the transferred tendons to the exact 
anatomic origins of the ATFL or CFL. Most surgeons agree 
that anatomic reconstructions are preferable. A retrospective 
study comparing anatomic to nonanatomic ankle ligament 
reconstruction in 77 patients showed superior results in the 
anatomic reconstruction group (32). 


The Brostrom procedure is an anatomic reconstruction in 
which the ATFL and CFL are divided and imbricated (7). 
Some authors advance the shortened ligaments into the distal 
fibula. This procedure is sometimes modified by advancing 
the extensor retinaculum proximally (the Gould modifica- 
tion) to further tighten the lateral aspects of the ankle and 
subtalar joints (22). 

Tendon transfers most commonly use one-half of the pero- 
neus brevis tendon, which is divided proximally about 15 cm 
proximal to its insertion in the base of the fifth metatar- 
sal. The transferred peroneus brevis tendon is then passed 
through holes in the talar neck, distal fibula, and lateral 
calcaneus in order to reconstruct the lateral ligamentous 
structures. In lieu of drill holes, the transferred tendon may 
be sutured directly to bone using suture anchors. Due to 
concern of potentially weakening ankle eversion strength 
following harvest, Coughlin et al. (10) have successfully used 
gracilis autograft. Tendon allograft may also be used in lieu 
of autograft (8). A detailed discussion of all these procedures 
is beyond the scope of this chapter (45,47,49). 


Postoperative Care 


Following lateral ankle ligamentous reconstructive proce- 
dures, most postoperative regimens immobilize the ankle in a 
cast for 4 weeks followed by an orthosis for 4 additional weeks. 
Physical therapy is instituted at 6-8 weeks after surgery with 
an emphasis on peroneal strengthening and proprioceptive 
training. 


Return to sports occurs at about 3 months after surgery. 
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E As the number of participants in both recreational and com- 
petitive activities increases, soft tissue injuries to the lower 
extremity are encountered more frequently by the primary 
care provider. If left untreated, these injuries could jeopar- 
dize participation and quality of life for those affected. The 
purpose of this chapter is to outline the characteristics and 
treatment of the more frequently encountered soft tissue 
pathologies by region. 





SOFT TISSUE INJURIES OF THE LEG 





E The leg extends from the knee to the ankle. Some of the soft 
tissue injuries affecting this portion of the extremity include 
exertional compartment syndrome, posterior tibial tendon 
injury, and peroneal tendon injury. 


Exertional Compartment Syndrome 


E Exertional compartment syndrome is activity-related pain 
caused by an increased intermuscular pressure within an ana- 
tomic compartment. In the leg, there are four compartments 
that contain muscle, blood vessels, and nerves. The compart- 
ments are enclosed by fascia, which limit muscular expansion 
during activity and can cause compression of the contents of 
the compartment. As pressure within the compartment ap- 
proaches the mean arterial pressure, the blood flow through 
the microvasculature is diminished and ischemia ensues. 


E Knowledge of the anatomy of the lower leg is vital to the diag- 
nosis of exertional compartment syndrome (Fig. 65.1). The 
anterior compartment contains the extensor hallucis longus, 
extensor digitorum longus, peroneus tertius, and tibialis an- 
terior as well as the deep peroneal nerve. The lateral com- 
partment contains the peroneus longus and brevis as well as 
the superficial peroneal nerve. The superficial posterior com- 
partment contains the gastrocnemius and soleus muscles and 
the sural nerve. The deep posterior compartment contains 
the flexor hallucis longus, flexor digitorum longus, and pos- 
terior tibialis muscle as well as the posterior tibial nerve. 


E The patient is usually asymptomatic upon initiating exer- 
cise. The pain will begin ata predictable time during the work- 
out. The pain is described as aching or cramping associated 
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with feelings of swelling, fullness, or tightness. Dysesthesias 
often accompany the pain along the nerve within the affected 
compartment. Patients may also complain of altered running 
style. For example, a runner may state that the foot seems to 
be slapping the ground when the pain comes on. 


Physical Examination 
E The physical examination at rest is often normal. In advanced 


cases, there may be tenderness to deep palpation along the 
affected compartment or a palpable fascial defect with hernia 
within the affected compartment. 


Examination immediately after exercise reveals a firm, tender 
compartment with increased pain on passive stretch of the 
muscles within the compartment. Fascial defects with resul- 
tant herniations are more identifiable at this time. 


Several techniques have been described for measuring com- 
partment pressures: These include needle manometry, wick 
catheter, and slit catheter. Our preferred method of measuring 
compartment pressure is with a battery-operated, hand-held, 
digital, fluid pressure monitor. The Stryker Intracompart- 
mental Pressure Monitor (Stryker Corporation, Kalamazoo, 
MI) is a convenient and easy-to-use measuring device. 
Compartment pressures should be taken before exercise, 
1 minute after exercise, and if necessary, 5 minutes after ex- 
ercise. One or more of the following pressure criteria must 
be met in addition to a history and physical that is consistent 
with the diagnosis of exertional compartment syndrome. 
Preexercise pressure > 15 mm Hg, 1-minute postexercise 
pressure > 30 mm Hg, or 5-minute postexercise pressure 
> 20 mm Hg (16). 


Treatment 
E Nonoperative care generally consists of activity modifica- 


tion to levels below symptomatic threshold, ice, nonsteroidal 
anti-inflammatory medications, and massage. The patient 
should be counseled that return to previous level of activity 
is likely to cause recurrence of symptoms. 


A fasciotomy is the surgical treatment of an exertional com- 
partment syndrome. In this procedure, the fascia is divided 
longitudinally over the entire length of the involved compart- 
ment. Indications for this procedure include an appropri- 
ate history for chronic exertional compartment syndrome, 
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Figure 65.1: Cross-sectional anatomy of the compartments of the leg. © 2003 American Academy of Orthopaedic Surgeons. 
Reprinted from the Journal of the American Academy of Orthopaedic Surgeons, Volume 11(4), p. 268-276, with permission. 


a 1-minute postexercise compartment pressure greater than 
30 mm Hg, or the presence of a fascial defect. 


Posterior Tibial Tendon Injury 


E There is tenderness and fullness along the course of the 


tendon. 


Pain and weakness are present with resisted inversion. 


Radiographic Examination 


Injury to the posterior tibial tendon may occur acutely or E The x-ray evaluation should include standing anteroposte- 
as a component of chronic overuse syndrome. The posterior rior and lateral views. The anteroposterior (AP) x-ray may 
tibial tendon helps invert and plantarflex the foot and has an show medial talar displacement in relation to the navicular. 
important role in maintaining the longitudinal arch. This is best seen with uncovering of the talar head. The later- 

E Patients with posterior tibial tendon injury often report pain al x-ray may reveal decreased height of the longitudinal arch 
along the medial aspect of the leg posterior to the medial and increased overlap of the metatarsals (20). 
malleolus. The onset of symptoms is usually gradual with E Magnetic resonance imaging (MRI) is the test of choice to 
increases in such activities as walking, running, or jumping. evaluate the posterior tibial tendon (20). Significant findings 

; EOE on MRI include heterogenous signal along the course of the 

Physical Examination cas a es 

tendon and possible increase in size. 

E There may be loss of the longitudinal arch and a clinical pla- 
novalgus deformity. When observing the patient from be- Treatment 
hind, the affected side will reveal more toes lateral to the heel E The initial treatment for posterior tibial tendon deficiency is 
than the unaffected side. generally nonoperative and begins with a period of immobi- 

E With an attempted single leg heel raise, there is loss of foot lization with the use of a short leg walking boot or short leg 
supination and heel inversion. In the later stages of posterior walking cast. Once immobilization is complete, an orthotic 
tibial dysfunction, patients cannot perform a single leg heel should be used to support the arch and relieve stress on the 
rise. In earlier stages of dysfunction, patients will perform tendon by posting the heel in a neutral position. 
the single leg heel rise in a slow deliberated fashion with as- E Corticosteroid injections are not recommended because of 


sociated pain. 


the risk of tendon rupture. 
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Surgery should be considered in those who do not respond 
to nonoperative management after 3-6 months, patients 
with loss of the arch, or patients with midfoot arthritis (13). 
Surgical options include synovectomy/debridement, flexor 
digitorum longus transfer, or calcaneal osteotomy. 


Peroneal Tendon Injury 


Peroneal tendon pathology is a commonly missed source of 
chronic lateral-sided ankle pain. The spectrum of peroneal 
tendon injury includes tenosynovitis, tendon tear, and pero- 
neal tendon instability. 

The peroneus longus originates from the proximal aspect of 
the lateral fibula. Its tendinous portion runs posterior to the 
lateral malleolus before inserting primarily onto the plantar 
proximal surface of the first metatarsal. Its function is pri- 
marily eversion and plantarflexion of the foot. The peroneus 
brevis originates from the lateral fibula. Its tendinous por- 
tion courses anterior and medial to the peroneus longus ten- 
don at the level of the ankle and inserts onto the base of the 
fifth metatarsal. Its primary function is to evert the foot. 


The patient will often complain of lateral ankle pain that 
localizes posterior to the lateral malleolus. The patient may 
also relay a history of pain, “popping,” and transient swelling 
in this area usually after an inversion injury. 


Physical Examination 


Pain and swelling over the course of the tendons posterior to 
the lateral malleolus will be present on examination. The pa- 
tient may also report pain with resisted eversion of the ankle, 
passive inversion of the ankle, or resisted plantarflexion of 
the first metatarsal. In cases of peroneal instability, tendon 
subluxation or dislocation may be elicited with resisted ever- 
sion and dorsiflexion of the ankle. 


Radiographic Examination 


Standard radiographic review should include weight-bear- 
ing AP, mortise, and lateral x-rays. 

Ultrasonography may show areas of heterogeneity within the 
tendons as well as subluxation. 


MRI may show increased or heterogenous signal within the 
substance of the tendon. Circumferential fluid within the 
tendon sheath measuring greater than 3 mm suggests teno- 
synovitis (11,17). 


Treatment 


The initial treatment of peroneal tendon tenosynovitis be- 
gins with rest, ice, and nonsteroidal anti-inflammatory med- 
ications. An ankle brace or lateral heel wedge may also help 
alleviate symptoms. For more severe cases of tenosynovitis, 
the patient may be placed in a short leg cast or walking boot 
for a period of 2—4 weeks. In cases of peroneal tendon insta- 
bility, nonoperative treatment is associated with a high rate 
of failure. 


Corticosteroid injections are not recommended because of 
the risk of tendon rupture. 


Musculoskeletal Problems in the Athlete 


Operative intervention is indicated if symptoms persist after 
a trial on nonoperative care. Surgical treatment includes ex- 
ploration, synovectomy, primary tendon repair, tenodesis, or 
retinacular repair. 





SOFT TISSUE INJURIES OF THE 
HINDFOOT AND MIDFOOT 





The hindfoot consists of the talus and calcaneus and their 
articulations, whereas the midfoot consists of the navicular, 
cuboid, and three cuneiform bones and their related articu- 
lations. Foot function hinges on the stability provided by the 
osseous anatomy and overlying soft tissue structures. Some 
of the more frequently encountered soft tissue pathologies 
affecting this region include os trigonum, jogger’s foot, tarsal 
tunnel syndrome, plantar heel pain, and posterior heel pain. 


Painful Os Trigonum 


The os trigonum is an ossicle present in 7%—-11% of the 
population as a continuation of the posterior talar process. 
Painful os trigonum syndrome is one cause of posteromedial 
ankle pain. This syndrome is most prevalent in athletes who 
perform frequent or forced plantarflexion. The condition 
may be misdiagnosed as other conditions such as Achilles 
tendonitis (14). 

Presentation is commonly with pain in the posterior medial 
ankle that may be worsened with plantarflexion activities 
(en pointe position in ballet). 


Physical Examination 


On examination, there may be tenderness to palpation over 
the os or the posteromedial ankle. Passive dorsiflexion/plan- 
tarflexion of the great toe may also illicit pain due to the close 
anatomic relationship of the flexor hallucis longus tendon 
and the trigonal process. 


Radiographic Examination 


Standard radiographs should include weight-bearing AP and 
oblique and lateral views of the foot. The os trigonum may 
be appreciated on the lateral view. 

MRI will demonstrate fluid between the os trigonum and the 
lateral talar process (8). MRI may also demonstrate associ- 
ated flexor hallucis longus tenosynovitis. 


Treatment 


The initial treatment for symptomatic os trigonum is non- 
operative and generally begins with a brief (4—6 weeks) pe- 
riod of immobilization in a short leg cast or controlled ankle 
movement (CAM) boot. Nonsteroidal anti-inflammatory 
drugs (NSAIDs) and activity modification may help alleviate 
symptoms. 

Surgical excision may be required with failure of nonopera- 
tive management (3). 
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Compression Neuropathy (Jogger’s Foot) 


E Entrapment of the medial plantar nerve distal to the tar- 
sal tunnel can cause a neuropathy known as jogger’s foot. 
The medial plantar nerve courses plantarward after it ex- 
its the tarsal tunnel, where it may be compressed by osteo- 
phytes from the talonavicular joint or a fibrotic master knot 
of Henry. 

E Patients often complain of pain or numbness of the medial 
sole of the foot and medial toes that increases with physical 
activity. 


Physical Examination 


E There may be tenderness to palpation along the medial 
aspect of the longitudinal arch. Numbness and tingling may 
also be recreated with a Tinel test over this area. 


Treatment 


E The initial treatment of this condition is generally non- 
operative and should consist of rest, nonsteroidal anti- 
inflammatories, or soft orthoses. Patients with a planovalgus 
or flatfoot may benefit from a University of California Bio- 
mechanics Laboratory (UCBL) orthosis. 


E Injection of corticosteroid with local anesthetic can be diag- 
nostic as well as therapeutic. 


E Surgical release of the medial plantar nerve may be indicated 
for cases that fail trials of nonoperative care. 


Tarsal Tunnel Syndrome 


E Tarsal tunnel syndrome is the most common compression 
neuropathy of the foot and ankle. The etiology is entrap- 
ment of the posterior tibial nerve in the tarsal tunnel or 
one of its terminal branches after leaving the tarsal tunnel. 
Tarsal tunnel syndrome may be posttraumatic, idiopathic or 
the result of a space occupying lesion or accessory muscle 
(12,18). 

E The tarsal tunnel is a fibro-osseous tunnel. The osseous 
boundaries are the medial surface of the talus, the medial 
surface of the os calcis, the sustentaculum tali, and infero- 
medial navicular. The fibrous portion of the canal consists of 
the flexor retinaculum as the roof and the abductor hallucis 
with its investing fascia. 

E Patients often complain of burning, tingling, or numbness 
on plantar aspect of foot and may have night pain or discom- 
fort with even light bedcovers. 


Physical Examination 

E Examination may demonstrate a positive Tinel’s sign at the 
tarsal tunnel or reproduction of symptoms with compres- 
sion for 60 seconds. 

E Other causes of peripheral neuropathy should be considered 
such as diabetes, hypothyroidism, and alcoholism. 

E Electrodiagnostic studies are helpful in differentiating tarsal 
tunnel syndrome from peripheral neuropathy or lumbosa- 
cral radiculopathy. 
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Treatment 


E Conservative treatment consists of avoidance of aggravating 
activities and control of generalized edema, if present, with 
medications or compressive stockings as indicated. Arch sup- 
ports or medial heel wedges may help alleviate symptoms. 
A NSAID or injection of corticosteroid into the tarsal tunnel 
is often of benefit to patients with tenosynovitis. 


E Surgical management consists of complete release of the 
tibial nerve and all its branches and has been shown to result 
in improved outcome measures after failure of conservative 
management (2). 


Plantar Fasciitis 


E Insertional plantar fasciitis is the most common cause of 
plantar heel pain. Repetitive or acute trauma leads to micro- 
tears at the calcaneal insertion of the plantar fascia. The pa- 
tient often describes the pain as worse with the “first step in 
the morning.” 

E A variation of insertional plantar fasciitis is a posterior 
fourchette (PF) tear. In this condition, the plantar fascia is 
acutely torn. 


E An infrequent but unique cause of plantar heel pain that can 
be confused with plantar fasciitis is fat pad insufficiency. This 
condition is often seen in older athletes or in patients after 
multiple corticosteroid injections to the heel. Other causes of 
heel pain should be excluded prior to making the diagnosis 
of fat pad atrophy. Treatment consists of a viscoelastic heel 
cup and well-cushioned shoes (2,10). 


Physical Examination 


Œ Patients with insertional plantar fasciitis typically presents 
with pain localized to the plantar medial heel. The pain is of- 
ten worse with the first few steps in the morning or after rest. 


E Ina PF tear, a palpable defect in the plantar fascia may be ap- 
preciated. A loss of arch height may be appreciated in cases 
of complete tear. 


Radiographic Examination 

E Standing AP, lateral, and oblique radiographs show a plantar 
heel spur in 50% of patients with insertional plantar fasciitis 
and 15% of asymptomatic patients. 


E A bone scan can help differentiate plantar fasciitis from cal- 
caneal stress fracture. 


Treatment 

E The primary treatment of plantar fasciitis is nonoperative, 
consisting of Achilles stretching and activity modification. 
Hand massage, ice massage, or anti-inflammatories may also 
be helpful. Cushioned heel cups are often prescribed. 

E Injection of corticosteroids with local anesthetic may be con- 
sidered after failure of other methods. Repeat steroid injections 
may cause atrophy of the heel fat pad and should be avoided. 

E Ninety-five percent of patients with plantar fasciitis will have 
resolution of their symptoms within 12-18 months. 
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E For the 5% of patients who fail conservative treatment, sur- 
gical release of the plantar fascia may be considered. 

E Although surgery generally results in improvement in symp- 
toms, patients should be counseled that recovery can be pro- 
longed and that exercises to maintain Achilles length must be 
continued. 


Insertional Achilles Tendinitis 


E The most common site of posterior heel pain is in the area of 
the insertion of the Achilles tendon. Factors that predispose 
this area to pathology include the hypovascular nature of the 
distal Achilles tendon, the repetitive forces seen at the bone 
tendon interface, and the prominence of the area becoming 
irritated with shoe wear. 


E Insertional Achilles tendinitis is a common condition in 
jumping athletes but may also be precipitated by a direct 
blow or poorly fitting shoes. 


E Patients with this condition may complain of pain at the 
distal portion of the Achilles tendon and note weakness in 
plantarflexion. 


Physical Examination 

E On examination, there is tenderness to palpation directly 
over the insertion of the Achilles. The patient with this con- 
dition may also experience pain with resisted plantar flexion. 


Treatment 


E Initial treatment is conservative with NSAIDs, Achilles 
stretching, and activity modification. Felt or Silipos pads 
placed over the posterior heel may also be beneficial. 


E Corticosteroid injections have been associated with tendon 
rupture and are discouraged. 


E Operative intervention may be indicated in select cases af- 
ter a 6-month trial on nonoperative care. Surgical options 
include Achilles tendon debridement and flexor hallucis lon- 
gus tendon transfer. 


Retrocalcaneal Bursitis 


E The retrocalcaneal bursa is a synovial-lined bursa between 
the posterior calcaneus and the Achilles tendon. 

ŒE Patients with this condition frequently present with poste- 
rior heel pain and direct tenderness to palpation of the pos- 
terior heel. 


E Frequently, patients with retrocalcaneal bursitis have an as- 
sociated pathologic prominence of the posterior superior 
aspect of the calcaneal tuberosity. This prominence is com- 
monly referred to as a Haglund deformity and is often as- 
sociated with rigid shoe wear. 


Physical Examination 


E On examination, there is generally tenderness to palpation 
just proximal to the insertion of the Achilles tendon. The pa- 
tient may also demonstrate weakness with plantarflexion of 
the ankle. 
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ŒE Patients with an associated Haglund deformity may have a 
visible prominence at the insertion of the Achilles tendon. 


Radiographic Examination 

E Standard weight-bearing AP, oblique, and lateral x-rays 
should be obtained in the initial evaluation. In cases with an 
associated Haglund deformity, a prominence of the posterior 
superior portion of the calcaneal tuberosity will be seen on 
the lateral view. 


Treatment 

E The initial treatment generally consists of rest, ice, heel cord 
stretches, and shoe modification. 

E In cases that have failed a trial of nonoperative treatment, a 
bursectomy or surgical excision of the Haglund deformity 
may be required (19). 





SOFT TISSUE INJURIES OF THE FOREFOOT 





E The forefoot consists of the metatarsals and phalanges and 
their corresponding articulations. Injury in this region of 
the lower extremity is common in both the recreational and 
competitive athlete. 


E During ambulation, the contact forces are equally distrib- 
uted among the second through fifth metatarsal heads and 
two sesamoids. 


E Because of the higher loads distributed across the first meta- 
tarsal phalangeal joint in weight-bearing activities, the great 
toe is commonly injured. 


Hallux Rigidus 


E Hallux rigidus is a common disorder, seen in about 1 in 
45 individuals over the age of 50. It is characterized by limita- 
tion of motion of the first metatarsophalangeal (MTP) joint, 
particularly in dorsiflexion. 

E Patients present complaining of limitation of motion and 
pain at the MTP joint with ambulation or athletic activity. 

E Hallux rigidus has been attributed to many causes, including 
trauma, inflammatory or metabolic conditions, and congen- 
ital disorders. 


Physical Examination 


E Patients with hallux rigidus will demonstrate pain with both 
active and passive motion of the first MTP joint. Occasion- 
ally, a palpable dorsal exostosis may also be present over the 
dorsal aspect of the joint. 


E Cases with a large exostosis may demonstrate irritation of 
the overlying skin from improperly fitting shoe wear. 


Radiographic Examination 

E Weight-bearing AP, oblique, and lateral x-rays obtained 
during the initial evaluation of hallux rigidus may demon- 
strate narrowing of the first MTP joint as well as a dorsal 
osteophyte. 
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Treatment 


E Initial treatment is nonoperative, consisting of NSAIDs and 
avoidance of high-impact activities. 

E A steel or fiberglass shank in the sole of the shoe can relieve 
symptoms by limiting dorsiflexion. Rocker bottom shoes 
and custom insoles may have a similar effect. 


E Failure of nonoperative treatment is an indication for sur- 
gery. Surgical treatment can consist of cheilectomy, arthrod- 
esis, or Keller arthroplasty. 


Hallux Valgus 


Æ Hallux valgus, or bunion deformity, is common in the gen- 
eral population and occurs in athletes as well. Hallux valgus 
in athletes demands different considerations and treatment 
than in the general population. 


E Hallux valgus occurs with lateral deviation of the great toe 
and progressive subluxation of the first MTP joint. The me- 
dial eminence of the first MTP joint becomes prominent. 
The overlying soft tissue becomes irritated, swollen, and in- 
flamed, creating the bunion (from the Greek for turnip). 


Œ Several intrinsic and extrinsic factors may contribute to hal- 
lux valgus. The most important extrinsic factor is constricting 
footwear. Shoes with heels and a narrow toe box have been as- 
sociated with bunions. Athletic activities that increase the lat- 
eral stress on the first MTP joint can be another extrinsic cause. 
Intrinsic factors include a pronated foot, contracted heel cord, 
hypermobility of the first metatarsocuneiform joint, and meta- 
tarsus primus varus. Injury to the first MTP joint, such as turf 
toe or first MTP dislocation, may weaken the joint capsule and 
collateral ligament, predisposing to hallux valgus. 

E Patients typically present complaining of pain over the me- 
dial eminence and irritation with shoe wear. The skin and 
bursa over the medial eminence may be irritated. 


Physical Examination 


E The patient’s feet should be examined sitting and standing. 
Standing may accentuate the deformity. 


E Range of motion at the first MTP should be noted, as well as 
any hypermobility at the metatarsocuneiform joint. The foot 
should be examined for pes planus and pronation. 


Radiographic Examination 


E Radiographic evaluation consists of AP, lateral, and sesamoid 
views with the patient standing. 


E The angle formed by the proximal phalanx and first metatarsal, 
or hallux valgus angle, is measured. A normal hallux valgus an- 
gle is less than 15 degrees. An angle between 15 and 20 degrees 
is considered mild hallux valgus. Moderate deformity is char- 
acterized by a hallux valgus angle between 20 and 40 degrees, 
with an angle greater than 40 degrees being severe deformity. 


E Other radiographic angles measured include the intermeta- 
tarsal angle between the shafts of the first and second meta- 
tarsal and the distal metatarsal articular angle, a measurement 
of joint congruity. 
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Treatment 


E The initial treatment of hallux valgus is nonoperative and 
consists of shoe wear modification. Irritation of the medial 
eminence may be relieved with a wider toe box, shoe stretch- 
ing, or pads around the bunion. Patients with pes planus may 
benefit from an orthosis. 


E Contracture of the Achilles, if present, should be treated ap- 
propriately. 

E Persistent pain after exhausting nonoperative treatment op- 
tions is an indication for surgery. 


E Surgery can result in postoperative restriction of MTP mo- 
tion, which should be considered by athletes requiring a great 
range of MTP motion, such as dancers and sprinters (1,5). 


Turf Toe 


E Injury to the first MTP joint has ranked third in collegiate 
athletes after knee and ankle injuries. 


E Turf toe represents an acute injury to the plantar MTP cap- 
suloligamentous structures of the great toe. 


E The most common mechanism of injury is when an axial 
load is delivered to the heel with the ankle plantarflexed and 
the great toe in dorsiflexion. 


E Turf toe is classified into three grades. In grade I, the plantar 
tissues remain intact, and symptoms are minimal. There may 
be minor swelling but no ecchymosis. Grade II injuries repre- 
sent a partial tear of the capsule. Symptoms are pain, swelling, 
ecchymosis, and restricted motion. The patient will be unable 
to perform at his or her usual level of sport. Grade III injuries 
are complete capsuloligamentous tears. There may have been 
an occult MTP dislocation that spontaneously reduced. 


Physical Examination 

E On physical examination, there may be swelling or ecchy- 
mosis about the MTP joint on inspection. The patient may 
also demonstrate pain with passive motion and tenderness to 
palpation. In more severe injuries, there may be instability of 
the MTP joint. 


Radiographic Examination 

E X-rays of the affected foot may reveal proximal migration of 
the sesamoids on the AP view or a lag in sesamoid tracking 
on the lateral view. 

X-rays of the uninjured foot may be helpful for comparative 
purposes. 

E MRI may reveal increased uptake or frank disruption of the 
plantar capsuloligamentous structures. 


Treatment 


E ‘Treatment is generally conservative, consisting of rest, ice, 
elevation, and possibly anti-inflammatory drugs. Buddy tap- 
ing or rigid orthoses to limit MTP motion may also provide 
symptomatic relief. 


Operative treatment may be indicated in patients with symp- 
toms refractory to conservative management. 
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E Turf toe injuries may predispose toward osteoarthritis of the 
first MTP joint and hallux rigidus (4,7). 


Metatarsalgia 


E Metatarsalgia is a descriptive term for pain beneath the meta- 
tarsal heads that may have a number of etiologies includ- 
ing stress fracture, synovitis, or neuroma. Forefoot pain has 
been associated with tightness of the gastrocnemius-soleus 
complex. Patients presenting with forefoot or midfoot symp- 
toms have less dorsiflexion on average than asymptomatic 
controls (6). 

E Synovitis of the MTP joint most commonly affects the sec- 
ond metatarsal. It occurs most frequently in middle-aged 
athletes. Symptoms typically include pain in the forefoot ex- 
acerbated by running, walking, or forced dorsiflexion of the 
MTP joint. 

E Interdigital neuroma, or Morton neuroma, is a common 
cause of forefoot pain that classically presents as neurogen- 
ic pain in the ball of the foot between the third and fourth 
toes. It is thought to be caused by irritation of the interdigi- 
tal nerve as it passes beneath the deep transverse metatarsal 
ligament. It occurs in all populations but is most frequently 
reported in runners and dancers. 


Physical Examination 

E On examination, there may be swelling dorsally or tenderness 
to palpation of the MTP joint in cases of MTP synovitis. 

E In cases of interdigital neuroma, palpation of the interspace 
while compressing the forefoot by pressing on the first and 
fifth metatarsal heads may reproduce the pain. 


Radiographic Examination 


E Weight-bearing radiographs of the foot should be ob- 
tained to rule out joint degeneration and metatarsal stress 
fracture. 


E Cases of MTP joint synovitis may demonstrate joint space 
widening. 


Treatment 

E Treatment is initially conservative, including activity modi- 
fication, shock-absorbing insoles, and NSAIDs. Additionally, 
in cases of interdigital neuroma, avoiding heels or shoes with 
narrow toe boxes may decrease extrinsic compression on the 
nerve. In cases where shoe modification has failed, injection 
of corticosteroid with local anesthetic may give lasting or 
permanent relief. 


Musculoskeletal Problems in the Athlete 


E In cases of MTP synovitis, surgical management may be nec- 
essary with failure of conservative treatment and develop- 
ment of deformity (15). 


E Excision of the neuroma has demonstrated good pain relief 
in 80% of patients (9). 
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Foot and Ankle Fractures 


Brian E. Abell and J. Richard Lee Evanson 





ANKLE FRACTURES 





The true incidence of ankle fractures in the general popula- 
tion is unknown, as it changes with increased participation 
in athletics and trends in fashion footwear. There is also a 
great deal of interobserver reliability when it comes to clas- 
sifying these fractures. 

A great deal of research has been conducted to determine the 
incidence of age-related fractures, particularly in the elderly 
population. Barrett et al. (1) analyzed Medicare data in 1999 
and found that ankle fractures were the fourth most com- 
mon fracture in the elderly population (65-90 years of age). 
The study also demonstrated that elderly blacks were less 
likely than whites to fracture the ankle. 

The most current data suggest that 8.3 per 1,000 Medicare 
patients will sustain an ankle fracture (11). Among Finnish 
patients older than 70 years of age, the number of ankle frac- 
tures has increased threefold from 1970 to 2000, with a larger 
number of fractures classified as unstable (19). 


Physical Examination 


The examination of the ankle should begin with a thorough 
visual inspection noting abnormal swelling, redness, or 
deformities. The physician should also palpate the ankle to 
determine the extent of any swelling, identify any abnormal 
bony prominences or incongruities, determine specific areas 
of point tenderness or extreme pain, and evaluate the neuro- 
vascular status of the patient. 


The neurovascular examination should include an assess- 
ment of the dorsalis pedis and posterior tibial pulses. Ad- 
ditionally, the physician should evaluate the capillary refill, 
light touch, and two-point discrimination distal to the ankle. 
Gross deformity of the ankle is a likely indicator of disloca- 
tion, which should be reduced and splinted prior to radio- 
graphic examination or further evaluation. 

The physician will then evaluate the range of motion of 
the ankle. The normal range of ankle motion is 30 de- 
grees of dorsiflexion and 45 degrees of plantarflexion. The 
range of motion necessary for ankle functionality or am- 
bulation is 10 degrees of dorsiflexion and 20 degrees of 
plantarflexion (21). 








E Itis important to evaluate the stability of the ankle when sus- 


pecting a fracture. The squeeze test is performed to rule out 
disruption of the tibiofibular syndesmosis. The squeeze test 
is performed by squeezing the leg, approximating the tibia 
and fibula, at or slightly above the level of the belly of the 
gastrocnemius. An indicator of syndesmotic disruption is 
pain at the distal tibiofibular articulation when the squeeze 
test is performed (18). The physician should also perform 
an anterior drawer test to evaluate the laxity of the complex 
ligamentous support network of the ankle. Pain with dorsi- 
flexion and external rotation should also be noted because 
this may represent posterior bony injury or tendinous 
disruption. 


Radiographic Examination 


The Ottawa ankle rules are a valuable guideline in determin- 


ing the need for radiographic examination in a patient sus- 
pected to have an ankle fracture. Radiographic examination 
is required if the patient is unable to bear weight, if the pa- 
tient has pain with palpation within 6 cm proximal or distal 
to the talar articulation, or if the patient has bony tenderness 
at the posterior edge or tip of either malleolus (34). 

The ankle is best examined radiographically with an antero- 
posterior (AP), lateral, and mortise view. Three-view radio- 
graphs demonstrate greater reliability when compared to 
various combinations of two-view radiographs (4). Abnor- 
mal radiographic findings are greater than 2 mm of talar tilt 
(difference in lateral and medial joint spaces in AP view), 
misalignment of the talar dome under the tibia in AP or lat- 
eral views, and a demonstrated tibiofibular overlap of less 
than 10 mm in the AP view or the mortise view (25). Stress 
radiographs may be valuable but are difficult to standardize. 
Patients are most tolerant of the gravity stress test whereby a 
mortise view of the ankle is obtained with the patient lying 
on their injured side and their distal tibia and injured ankle 
off of the table unsupported (32). Although normative data 
are not adequately reported in the literature, the Telos stress 
device is being used to standardize the amount of stress about 
the ankle during routine radiographic stress examinations. 
Magnetic resonance imaging (MRI) is best suited for the 
examination of the integrity of the ankle ligaments, and a 
bone scan is often helpful to rule out osteochondral lesions 
in patients with chronic ankle injuries. 


455 


456 SECTION iv 





Classification 





There are three primary classification systems used to define 
ankle fractures. The Danis-Weber classification is based solely 
on the fibula and the location of the fracture in relation to the 
ankle mortise (10). The Lauge-Hansen classification describes 
the ankle fracture according to foot position and movement 
of the foot in relation to the leg (supination-adduction, su- 
pination-external rotation, pronation-abduction, pronation- 
eversion, and pronation-dorsiflexion). The most common 
mechanism of ankle fracture is of the supination-external 
rotation variety (22). Lastly, the AO classification is based on 
the level of the fibula fracture, medial malleolar involvement, 
and syndesmotic disruption (16). A summary of the afore- 
mentioned classifications can be found in Table 66.1. 


Treatment 


The goal of treatment of ankle fractures is to restore the ana- 
tomic congruity of the ankle joint, promote pain-free resto- 
ration of range of motion, and restore and maintain fibular 
length. 

Nondisplaced, stable ankle fractures and stable, reduced an- 
kle fractures can be managed nonoperatively with great suc- 
cess. Once swelling is reduced, long leg casting is indicated 
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with transition to short leg cast or fracture bracing after 
4-6 weeks (25). Diabetics are a special subgroup of patients 
who may need more time in the long leg cast before adequate 
bone growth is evident and are less likely candidates for oper- 
ative intervention. Recent studies suggest that diabetics have 
higher postoperative complication rates when compared to 
nondiabetics. Blotter et al. (3) reported a 43% complication 
rate in diabetics as compared to a 15% complication rate in 
nondiabetics. Diabetics also demonstrate a higher postop- 
erative infection rate after ankle surgery as reported by Flynn 
et al. (14) in 2000 and Leyes et al. (23) in 2003. 

Displaced, unstable, open, or unreducible ankle fractures 
must be treated operatively with reduction and internal or 
external fixation (8,35). 

Open fractures require emergent orthopedic consult, and 
it is very likely that these patients will be taken to the op- 
erating room urgently. Studies have shown that most open 
ankle fractures are associated with wounds less than 1 cm 
long and that infection rates after operative treatment of 
these fractures are comparable to infection rates seen in the 
treatment of closed fractures. Chapman and Mahoney (7) 
demonstrated in their series of open ankle fractures in which 
immediate fixation was achieved, that the rate of infection in 
open fracture wounds less than 1 cm was 2% and the rate of 
infection in open fracture wounds with extensive soft tissue 
damage and wounds greater than 1 cm was 29%. 





Table 66.1 | Classification Systems of Ankle Fractures 
Fracture 
Classification Type Location of Fracture Associated Injuries 
Danis-Weber A Below ankle mortise and tibiofibular Syndesmosis likely intact 
articulation 
B At level of mortise and tibiofibular Syndesmosis likely intact 
articulation 
Cc Above level of mortise and tibiofibular Likely disruption of syndesmosis with positive squeeze test 
articulation 


Lauge-Hansen 


Supination-adduction 
malleolus 


Supination-external 
rotation 


Pronation-abduction Medial malleolus 


Pronation-external Medial malleolus 


rotation 


Fibula at or below plafond 


B Fibula at plafond extending 
proximally 


Cc Fibula above plafond 


Transverse fracture of lateral 


Avulsion fracture of lateral malleolus 


Stage 1: Tear of lateral ligaments 
Stage 2: Fracture of medial malleolus 


Stage 1: Rupture of anterior tibiofibular ligament 

Stage 2: Spiral or oblique fracture of lateral malleolus 

Stage 3: Posterior tibial fracture 

Stage 4: Fracture of medial malleolus or torn deltoid ligament 


Stage 1: Torn deltoid ligament 
Stage 2: Syndesmotic disruption and posterior tibial fracture 
Stage 3: Oblique fracture of fibula above mortise 


Stage 1: Torn deltoid ligament 

Stage 2: Syndesmotic disruption 

Stage 3: Spiral fracture of fibula above mortise 
Stage 4: Posterior tibial fracture 


Intact or possible avulsions medial and posterior 
Tibiofibular ligaments torn; possible avulsions medially and 
posteriorly 


Syndesmosis always torn; deltoid ligament torn 





E The most important aspects of ankle fracture management 
are to immediately reduce dislocated ankles prior to radio- 
graphic study, clean and dress open wounds in a proper ster- 
ile fashion, document and evaluate neurovascular status, and 
apply a posterior splint with a U-shaped component at the 
ankle when transporting the patient or preparing them for 
further workup by an orthopedic surgeon. 





FOOT FRACTURES 





The foot comprises a total of 26 bones. The hindfoot consists 
of the talus and calcaneus, whereas the midfoot includes the 
navicular, cuboid, and cuneiforms, and their articulations 
with the proximal metatarsals. The metatarsals and phalan- 
ges make up the forefoot. 

E Most foot injuries involve innocuous sprains; however, a 
small percentage of them involve significant injuries with 
subtle radiographic findings. The rarity of these injuries 
limits physician familiarity and accounts for frequent mis- 
diagnosis (36). Foot injuries involving the talus are the most 
often misdiagnosed (20). 





FRACTURES OF THE TALUS 


E Fractures of the talus are the second most common tarsal 
bone injury, with an incidence ranging from 0.1% to 0.85% 
of all fractures (30). 

E The talus has five articulating surfaces as 60% of the talus 
is covered with articular cartilage. There are no muscle or 
tendinous attachments. Blood supply to the talus is tenuous, 
and fractures can easily disrupt the blood supply, resulting in 
osteonecrosis (15). 


E Talus fractures can occur at the talar head, neck, body, or 
lateral or posterior processes. An os trigonum remains a 
separate ossicle in 14% of normal feet and can sometimes 
be mistaken for an acute fracture posterior to the lateral 
tubercle of the talus (2). 


Physical Examination 


E Patients with fractures of the talus may present with swelling 
and ecchymosis of the hindfoot or midfoot. Pain with palpa- 
tion or with motion of the hindfoot should raise suspicion 
for the presence of a fracture. 


Radiographic Examination 


E Physicians evaluating talus fractures should obtain three- 
view radiographs of both the foot and ankle. The Canale 
view can provide an optimal view of the talar neck (6). This 
is performed with the foot placed flat on the cassette and 
the ankle in equinus and pronated 15 degrees with the beam 
directed 15 degrees cephalad from the vertical (Fig. 66.1). 
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Figure 66.1: The correct position of the foot for x-ray evaluation of 
the talar neck is shown. From Bucholz RW, MD and Heckman JD, MD. 
Rockwood & Green’s Fractures in Adults, 5th ed. Philadelphia (PA): Lip- 
pincott Williams & Wilkins; 2001. 


E Computed tomography (CT) is indicated when displacement 
cannot be ruled out with plain radiographs. A CT will assist 
with characterization of fracture patterns, displacement, and 
articular involvement. The role of bone scans or MRI is lim- 
ited to the evaluation of occult fractures or cartilage lesions. 


Talar Neck Fractures 


E Most fractures of the talar neck occur from a forced dorsi- 
flexion injury against the anterior margin of the tibia that 
usually occurs from a motor vehicle accident or fall. 

E The Hawkins fracture classification system may be used 
to guide treatment decisions and predict the risk of osteo- 
necrosis (17). Fracture classification is based on displacement 
and articular surface involvement (Fig. 66.2). Displaced frac- 
tures may injure arteries of the tarsal canal or tarsal sinus, 
placing the talar body at risk for osteonecrosis. 


E Nonsurgical treatment is reserved for type I nondisplaced 
fractures without comminution or articular step-off. Treat- 
ment consists of a short leg cast and non—weight bearing. 

E Operative intervention is indicated for all displaced fractures 
of the talar neck. Urgent surgical treatment is required when 
subluxation or dislocation leads to soft tissue compromise. 


Talar Body Fractures 


E Talar body fractures are less common than fractures of the 
talar neck and are usually the result of high-energy injuries (9). 

E Radiographs may underestimate the amount of articular in- 
volvement, indicating the need to obtain a CT to identify the 
fracture pattern and amount of comminution. These fractures 
can be classified according to their anatomic location. 

E Open reduction internal fixation (ORIF) is indicated when 
the articular surfaces are displaced more than 2 mm (15). 
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Figure 66.2: Diagrammatic representation of 
Hawkins’ classification of talar neck fractures. l, 
nondisplaced; Il, displaced with associated subtalar 
joint subluxation; Ill, talar body dislocated from the 
ankle mortise; IV, talonavicular joint subluxated also. 
From Hansen ST, Swiontkowski MF. Orthopaedic 
trauma protocols. New York: Raven, 1993:340, with 
permission. 


Talar Head Fractures 


Talar head fractures are the least common subtype of talus 
fractures. These fractures typically result from plantarflexion 
and compression along the longitudinal axis of the forefoot. 


Radiographic examination should include a careful evalua- 
tion of the talonavicular joint for associated navicular inju- 
ries or talonavicular joint disruption. 


Nonsurgical treatment consisting of immobilization and 
non-—weight bearing is indicated for nondisplaced fractures. 
For displaced fractures, the talonavicular joint should be 
reduced and the fracture fragments stabilized. 


Lateral Process Fractures of the Talus 


Lateral process fractures occur with dorsiflexion and external 
rotation and most commonly occur during snowboarding. 
These fractures may be seen on the AP view of the ankle; 
however, they typically require a CT scan. Physicians should 
have a high index of suspicion for this injury in patients who 
have anterolateral ankle pain and normal plain radiographs 
following an ankle injury while snowboarding. 
Nondisplaced lateral process fractures are commonly treated 
with a period of cast immobilization and non—weight bear- 
ing. ORIF is indicated for fractures displaced more than 
2 mm. Comminuted fractures not amenable to ORIF can be 
treated with casting or excision. 


Posterior Process Fractures of the Talus 


The posterior process includes the posteromedial and pos- 
terolateral tubercles, which are separated by a groove for the 





flexor hallucis longus tendon. A CT scan is recommended 
for fractures through this area because they are difficult to 
visualize on plain radiographs (2). 


E Posteromedial tubercle fractures typically occur from an 
avulsion of the posterior talotibial ligament or posterior 
deltoid ligament. Small avulsion fractures are treated with 
casting and non—weight bearing. Large displaced fragments 
are treated with ORIF. 


ŒE The posterolateral tubercle fractures are usually an avulsion of 
the posterior talofibular ligament. Clinically, the patient may 
exhibit pain with flexion and extension of the great toe caused by 
the flexor hallucis longus rubbing along the fracture fragment. 

E Posterolateral tubercle fractures with no subtalar involve- 
ment are best treated with nonsurgical management. If there 
is subtalar involvement, then ORIF is warranted. 





FRACTURES OF THE CALCANEUS 





E The calcaneus is the most frequently fractured tarsal bone 
and accounts for 2% of fractures overall. Between 60% and 
75% are displaced intra-articular fractures, with open inju- 
ries occurring between 7% and 15% of the time. The primary 
mechanism of injury is an axial load as a result of a fall from 
a height or motor vehicle accident (21). 


E The calcaneus has three facets along its superior articular sur- 
face with the talus. These include the anterior, middle, and pos- 
terior facets. The middle facet lies over the sustentaculum tali 
and is separated from the posterior facet by the sinus tarsi and 
its corresponding artery. The posterior facet is the largest of the 
three facets and is the primary weight-bearing surface (15). 


Physical Examination 


Patients with calcaneus fractures typically present with sig- 
nificant swelling and severe heel pain. Ecchymosis around 
the heel and foot arch is highly suggestive of a fracture of the 
calcaneus. Fracture blisters are common. To minimize soft 
tissue compromise, the foot should be elevated and immedi- 
ately splinted with the ankle in a neutral position (24). 


Physicians evaluating these injuries should carefully evalu- 
ate patients for any neurovascular injury, compartment 
syndrome, or skin disruption. Wounds associated with open 
calcaneus fractures typically occur medially (5). Compart- 
ment syndrome develops in up to 10% of patients and could 
lead to a hammer toe deformity (24). 


Associated injuries occur nearly 50% of the time in patients 
with calcaneus fractures. A thorough exam should be per- 
formed on all joints above and below the injury, along with 
an exam of the lower back. Ten percent of patients with cal- 
caneus fractures also have fractures of the lumbar spine, and 
25% have concomitant injuries in the lower extremities (21). 


Radiographic Examination 


For patients with a suspected fracture of the calcaneus, ap- 
propriate radiographs should include AP, lateral, and oblique 
views of the foot and ankle, in addition to a Harris axial view. 
The Harris view helps visualize widening, shortening, or var- 
us position of a tuberosity fragment. This view is obtained 
with the heel against the plate and the ankle in dorsiflexion. 
The x-ray beam is aimed approximately 30 degrees cephalad 
toward the heel of the foot. 


A CT scan is the most complete and reliable means of visual- 
izing and classifying calcaneal fractures. Coronal views are best 
for evaluating the articular surfaces as well as the position of the 
peroneal and flexor hallucis tendons. Axial and sagittal views 
will help evaluate the congruency of the calcaneocuboid joint 
as well as the posterior facet and calcaneal tuberosity (21,29). 
Other important fracture characteristics include the degree 
of shortening, widening, and lateral wall displacement, 
which may cause injury to the peroneal tendons. 


Extraarticular Fractures of the Calcaneus 


Extraarticular fractures include the anterior process, 
tuberosity, medial process, sustentacular, and body fractures. 
These injuries often occur in patients with osteopenic bone, 
making secure fixation difficult. 

Early reduction is important because displaced fractures can 
cause pressure necrosis of the overlying skin. Small frag- 
ments can be excised, but fractures with larger fragments 
may require ORIF. 


Tuberosity fractures result from a strong contraction of the 
gastrocnemius—soleus complex with avulsion at its insertion. 
Anterior process fractures occur with inversion and plan- 
tarflexion and result from avulsion of the bifurcate ligament. 
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Small extraarticular fragments can be treated with casting. 
Fragments larger than 1 cm may involve the calcaneocuboid 
joint and require ORIF if joint displacement is present (24). 


Intra-Articular Fractures of the Calcaneus 


The Sanders classification for calcaneal fractures uses a 
30-degree semicoronal CT to visualize the subtalar joint at its 
widest point in the coronal plane (Fig. 66.3). Types are based 
on the number of articular fragments, which may guide treat- 
ment options and help predict treatment outcomes (28,29). 


Nonsurgical treatment is reserved for type I nondisplaced 
fractures. Patients should not bear weight for 10—12 weeks, 
and range-of-motion exercises are initiated once soft tissue 
swelling allows. 

Surgical indications include the following: displaced intra- 
articular fractures of the posterior facet, fragments with 
greater than 25% of calcaneocuboid articulation involvement, 
displaced fractures of the tuberosity, fracture dislocations, 
and selected open fractures. ORIF generally is delayed for 
2-3 weeks to allow for resolution of soft tissue swelling (24). 
Negative prognostic factors include severity, advanced age, 
male sex, obesity, bilateral fractures, multiple trauma, or 
worker’s compensation (27). 


A complication rate of up to 40% has been reported. Factors 
that predict an increased risk of complications include a fall 
from a height, early surgery, and smoking. Outcomes correlate 
with the accuracy of the reduction and the number of articular 
fragments. Type II fractures have better outcomes than type III 
fractures, whereas type IV fractures have the worst outcomes. 
Wound-related complications are the most common. Other 
potential complications include malunion, subtalar arthritis, 
and lateral impingement with peroneal tendon pathology. 





MIDFOOT FRACTURES 





Fractures of the midfoot are relatively uncommon. The 
bones of the midfoot include the navicular, cuboid, cunei- 
forms, and bases of the metatarsals. The midfoot has osseous 
stability due to the recessed articulation of the base of the 
second metatarsal. The trapezoidal shape of the first three 
metatarsal bases contributes to stability, as do the plantar lig- 
aments. The calcaneocuboid and talonavicular joints make 
up the midtarsal joint, whereas the Lisfranc joint complex is 
between the tarsi and the first two metatarsals (31). 

Most midfoot fractures are a result of high-energy trauma from 
a motor vehicle collision or the lower energy combination of an 
axial load and twisting of the foot during an athletic event. 


Physical Examination 


When examining a patient with a potential midfoot injury, it is 
important to recognize there is a wide range of injury severity 
and patient presentation. Injuries may involve anything from 
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Figure 66.3: Schematic depiction of Sanders classification of intraarticular fractures of the calcaneus. Fracture lines A, B, and C 
describe the position of the primary fracture line in relation to the posterior facet and the subtalar joint. Types II and III have two 
or three fragments. Type IV represents severe comminution. From Bucholz RW, MD and Heckman JD, MD. Rockwood & Green’s 
Fractures in Adults, 5th ed. Philadelphia (PA): Lippincott Williams & Wilkins; 2001. 


a simple sprain to an injury with potential to cause significant 
chronic disability such as a Lisfranc injury (31). 

Physicians should perform and document a careful neuro- 
vascular exam. Serial examinations may be warranted to rule 
out an impending foot compartment syndrome anytime a 
patient presents with extreme pain and swelling. 


Radiographic Examination 


Three-view radiographs should be obtained including an AP, 
lateral, and oblique view of the foot as well as an AP, lateral, 
and mortise view of the ankle. If tolerated, then stress views or 
weight-bearing films can assist with defining subtle injuries. 
Obtaining a CT can help distinguish any articular incongrui- 
ties or comminution and can help characterize the fracture 
pattern. MRI is more beneficial for evaluating a potential 
ligamentous injury or for detection of stress fractures. 


Navicular Fractures 


The navicular articulates with the cuneiforms, cuboid, cal- 
caneus, and talus. The talonavicular articulation is critical 
to maintaining inversion and eversion range of motion. The 
blood supply is limited in the central portion of the navicu- 
lar, making this area susceptible to fractures. 


Avulsion fractures of the navicular are primarily caused 
by a plantarflexion injury. Acute treatment consists of 
immobilization with delayed excision of painful fragments. 
ORIF is required for fractures involving more than 25% of 
the articular surface (21). 


E Tuberosity fractures commonly result from forced eversion 


and posterior tibial tendon contraction. An oblique radiograph 
at 45 degrees of internal rotation can be obtained to appreciate 
the injury. Most tuberosity avulsions can be managed with cast 
immobilization. Acute ORIF is indicated with more than 5 mm 
of diastasis or with large intra-articular fragments (26). 


Fractures of the navicular body are usually caused by axial 
loading. The Sangeorzan fracture classification is based 
on the plane of the fracture and degree of comminution. 
Minimally displaced type I and II fractures are treated non- 
surgically, whereas ORIF is used for displaced fractures, dis- 
ruption of the talonavicular joint, comminution, or type III 
fractures (26). 


Lisfranc Joint Injuries 


E Lisfranc injuries can lead to chronic disability if they are not ap- 


propriately recognized and treated. The Lisfranc ligament runs 
from the base of the second metatarsal to the medial cuneiform 
(Fig. 66.4). This injury can be caused directly from a dorsal 
force or from an indirect injury by axial loading and twisting 
on a loaded, plantarflexed foot. Patients may report a history of 
a fixed foot with rotation of the body around the midfoot (33). 
Physicians evaluating for disruption of the Lisfranc ligament 
should look for diastasis or a small avulsed fragment of bone 
between the base of the first and second metatarsals on an AP 
radiograph. Anatomic alignment should be maintained on 
the oblique view, and there should be no dorsal subluxation 
of the metatarsal bases on the lateral. Weight-bearing or 
stress radiographs will accentuate the deformity and can be 






Lisfranc 
ligament 


Lisfranc 
ligaments 


Figure 66.4: The anatomy of the tarsometatarsal joints of the foot. 
A: Proximal view of the cuneiform and cuboid articular surfaces. B: Distal 
view of the corresponding articular surfaces of the metatarsals. From 
Bucholz RW, MD and Heckman JD, MD. Rockwood & Green’s Fractures in 
Adults, 5th ed. Philadelphia (PA): Lippincott Williams & Wilkins; 2001. 


ordered when the results of physical examination and plain 
radiographs are equivocal. 

E Treatment consists of ORIF for displaced midfoot fractures 
and dislocations. Reduction and screw fixation are indicated 
to stabilize any intercuneiform instability (31). 

E Late posttraumatic osteoarthritis is common, occurring in 
up to 58% of patients. Anatomic reduction, the presence 
of an open injury, and comminution will affect long-term 
outcomes. 


Cuboid Fractures 


ŒE Compression fractures of the cuboid can occur as part 
of a Lisfranc injury, whereas isolated cuboid fractures are 
uncommon. Cuboid fractures with significant compression 
can result in collapse of the lateral column requiring the use 
of an external fixator to restore length and disimpact frag- 
ments. Avulsion fractures are treated symptomatically (26). 


Cuneiform Fractures 


E Isolated cuneiform fractures are uncommon. Discovering 
the mechanism of injury is vital for understanding the sever- 
ity of the injury since the radiographic appearance does not 
always demonstrate the inciting displacement. 

E Avulsion fractures are treated symptomatically. Displaced 
fractures and intercuneiform instability can occur as part 
of a Lisfranc fracture-dislocation and should be treated as 
such. Displacement should be reduced and stabilized during 
operative fixation of the tarsometatarsal injuries (26). 
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METATARSAL AND PHALANGEAL 
FRACTURES 





E Metatarsal and phalangeal fractures are common injuries 
treated by a variety of physicians. The fifth followed by the 
first toes are the most frequently injured digits due to their 
vulnerable positions along the medial and lateral borders of 
the foot (13). 

E Metatarsal fractures can result in a disruption of the 
major weight-bearing complex of the forefoot leading to 
other problems such as metatarsalgia or transfer lesions. 
Injuries to this region should not be overlooked and 
require a thorough workup and appropriate treatment and 
referral to avoid further complications and disability. With 
a careful physical exam, a good history, and appropriate 
radiographs, the diagnosis of most forefoot injuries is 
straightforward (31). 


Physical Examination 


E The physician must always evaluate and document the neu- 
rovascular status of the patient with a suspected metatarsal 
or phalangeal fracture. It is most important to evaluate and 
document the capillary refill and sensation to each toe. 


Radiographic Examination 


E Radiographs of a suspected forefoot injury should include 
AP, oblique, and lateral radiographic views of the foot and 
ipsilateral ankle. 

E CT may aid in determining the precise location, depth, and 
articular involvement; however, these are not a part of the 
initial radiologic evaluation for these fractures. MRI may 
be used to investigate stress fractures, but a bone scan is the 
radiographic study of choice (13). 

E When describing fractures of the metatarsal or phalanx, the 
reporting physician should include the following: open ver- 
sus closed, incongruent joints, proximal versus distal, com- 
minution, transverse/spiral/oblique pattern, angulation and 
displacement, and shortening or overlap. 


Metatarsal Shaft Fractures 


E The plantar flexors are the deforming force involved with frac- 
tures of the metatarsal shaft. Mechanisms of injury include a 
direct blow, avulsion, twisting, inversion, or repetitive stress. 

E Nonsurgical treatment is appropriate for fractures of the 
second, third, and fourth metatarsal shafts when there is 
< 3 mm of displacement or < 10 degrees of angulation. 
A prominent plantar fragment can result in callus forma- 
tion, whereas a dorsiflexion malunion can result in transfer 
metatarsalgia. 


E Indications for surgical treatment include displaced fractures 
of the first metatarsal. Patients do not tolerate these fractures 
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well because the first ray bears more weight than the lesser 
metatarsals. Fractures of the second through fourth metatar- 
sals should also undergo operative fixation with > 3 mm of 
displacement, > 10 degrees of sagittal displacement, or when 
there are multiple metatarsal fractures (31). 


Metatarsal Neck and Head Fractures 


Metatarsal head and neck fractures are rare and usually oc- 
cur from a direct blow to the foot involving multiple meta- 
tarsals. Failure to recognize and appropriately treat these 
injuries can disrupt the normal weight-bearing function of 
the forefoot, causing transfer metatarsalgia (13). 


Most metatarsal head and neck fractures can be treated non- 
operatively. Fractures with severe angulation or prominence 
may require reduction and fixation if closed reduction is 
unsuccessful (31). 


Fifth Metatarsal Base Fractures 


Fifth metatarsal fractures usually result from direct trauma 
and are generally separated into proximal base and distal 
spiral fractures. Proximal fractures are further divided into 
three anatomic fracture zones, which help distinguish treat- 
ment options. From proximal to distal, zone 1 includes the 
tuberosity, zone 2 is from the tuberosity to the metaphy- 
seal—diaphyseal junction, and zone 3 includes the proximal 
diaphysis (Fig. 66.5). 

Zone 1 fractures are caused by avulsion of the long plantar 
ligament or the lateral band of the plantar fascia. Treatment 
consists of weight bearing as tolerated in a stiff-soled shoe. 
Surgery may be indicated for fractures with large, displaced, 
intra-articular fragments. 

Zone 2 fractures represent an area of circulatory watershed, 
resulting in limited blood supply, and are commonly called 
Jones fractures. Because of the compromised blood supply 
in this area, the fracture is at risk of nonunion. Therefore, 
patients should not bear weight for 6-8 weeks. Acute ORIF 
using screws is often used in athletes to minimize the pos- 
sibility of nonunion and prolonged restriction from activity. 
Zone 3 fractures are typically diaphyseal stress fractures. 
Nonsurgical treatment consisting of non—weight bearing in 


Figure 66.5: Three zones of proximal fifth metatarsal fracture. 
Zone 1: avulsion fracture. Zone 2: fracture at the metaphyseal-diaphyseal 


junction. Zone 3: proximal shaft stress fracture. From Bucholz RW, 


Heckman JD, Court-Brown C, et al., eds. Rockwood and Green’s Fractures 
in Adults, 6th ed. Philadelphia (PA): Lippincott Williams & Wilkins; 2006. 
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a short leg cast is the appropriate treatment for fractures in 
this zone in the absence of prodromal symptoms (12). 


Phalangeal Fractures 


The mechanism of injury is a crush injury or axial loading. 
Painful subungual hematomas should be evacuated through 
a hole in the nail. 


Distal phalanx fractures of the hallux are treated nonsur- 
gically, as are lesser toe injuries. Nonsurgical treatment 
should consist of closed reduction and buddy taping for 
4 weeks. 

Surgical treatment is indicated for displaced articular inju- 
ries or angulated proximal phalanx fractures of the hallux if 
closed reduction and percutaneous pinning fail (13). 


Sesamoid Fractures 


Sesamoid injuries can occur by either a direct impact with 
compression, hyperdorsiflexion causing a transverse frac- 
ture, or repetitive trauma. 


Plain radiographs can include a sesamoid view to evaluate 
the articulation of the sesamoid with the plantar aspect of 
the metatarsal head. MRI is useful in determining the pres- 
ence of stress reaction or stress fracture; however, a CT is 
usually not indicated. 

Acute fractures or stress fractures are treated with padding 
and immobilization in a hard-soled shoe for 4-8 weeks, and 
patients can be followed up as outpatients. Excision of the 
sesamoid is used for chronic symptomatic nonunions and 
not typically for acute fractures (13). 
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INCIDENCE 





E Stress fractures account for 0.5%-21% of all injuries in recre- 
ational or competitive athletes presenting to sports medicine 
clinics (53). The highest incidence of stress fractures occurs 
among track and field athletes (6%-—20% of total injuries), 
compared with athletes in other sports such as football, 
basketball, soccer, or rowing (1,29,53). 

E The site of injury varies from sport to sport. For example, 
among track athletes, stress fractures of the navicular, tibia, 
and metatarsals are the most common, whereas in distance 
runners, the most common locations are the tibia and fibula, 
and in dancers, the metatarsals (19,53). 





ETIOLOGY 


E A stress fracture may best be described as an accelerated 
bony remodeling in response to repetitive submaximal 
stress. Histologic studies (37,54) have shown that repetitive 
response to stress leads to osteoclastic activity that surpasses 
the rate of osteoblastic new bone formation, resulting in 
temporary weakening of bone. 

E It has been debated whether stress fractures occur due to 
the increased load after fatigue of supporting structures or 
to contractile muscular forces acting across and on the bone 
(12,54); in principle, both factors contribute. 


EŒ Ifthe activity continues, trabecular microfractures result, which 
are believed to explain the early bone marrow edema seen on 
magnetic resonance imaging (MRI) scanning (16). The bone 
responds by forming new periosteal bone for reinforcement. 
Eventually, if the osteoclastic activity continues to exceed the 
rate of osteoblastic new bone formation, a full cortical break 
occurs. It is important to recognize this process as a continuum 
accumulation of damage that results clinically in a spectrum of 
injuries, from the early stages called stress reactions, to stress 
fractures, and ultimately complete bone fractures (19,58). 





RISK FACTORS 





E Alteration in the training program is considered one of 
the most important factors related to the occurrence of 
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stress fractures. Any rapid change in mileage, pace, inten- 
sity, or some other factor inserted into the program without 
adequate time for physiologic adaptation may predispose to 
stress fractures (27,39). 

Failure to follow intensive training days with easy ones also 
can contribute to injury. Hard or cambered training surfaces 
and training in older shoes are also important precursors to 
lower extremity overuse injuries (16,25). 


Anatomic variables such as narrow width of the tibia, 
smaller calf girth, and less muscle mass in the lower limb 
have been associated with stress fractures. In a study (11) 
comparing 23 running athletes with a history of tibial 
stress fractures and 23 healthy runners, the stress fracture 
group had a significantly smaller tibial cross-sectional 
area. Bony geometry plays a role in stress fracture develop- 
ment. In runners, repetitive loading in a single plane leads 
to asymmetric cross-sectional geometry of the tibia in 
contrast to soccer players who load in multiple directions 
and are found to have a more robust and symmetric bone 
geometry (8). 

Statistics suggest that women are at greater risk for sustain- 
ing stress fractures than men (53). The female athlete triad 
(menstrual irregularity, disordered eating, and osteopenia) 
emphasizes this susceptibility in this group of athletes. 
Other studies have failed to show a significant gender 
difference (28). 





HISTORY 





E The typical history of a stress fracture is that of localized 


pain that is not present at the start but occurs after or toward 
the end of physical activity. This pattern is opposite to that 
of many soft tissue injuries that cause pain first thing in the 
morning and with day-to-day activities but reduced pain 
during physical activity. 

Untreated stress reactions display pain that occurs earlier 
during the physical activity and lingers longer; with continued 
training, pain will be present throughout the training and 
persist into daily ambulation. 


E A careful history often reveals some change in the training 


regimen during the preceding 2—6 weeks, and it is critical 
that the physician ask detailed questions to identify training 
changes as a cause. 





PHYSICAL EXAMINATION 





The physical examination typically reveals local tender- 
ness over the involved bone (12). Other tests for the clini- 
cal detection of stress fracture such as the fulcrum test 
(femur), hop test (tibia), and spinal extension test (pars 
interarticularis) are helpful but not as reliable as direct 
palpation (29). 

E The fulcrum test is performed by gradually applying a force 
across the distal femur in the seated position using the edge 
of the examination table as a fulcrum while fixing the proxi- 
mal femur (15). In the hop test, patients are asked to repeat 
single-legged hops over the affected leg. The spinal extension 
test is performed with the patient standing, balancing on one 
leg to increase the load over the ipsilateral pars interarticu- 
laris. Pain provocation with these maneuvers is a positive 
finding. 

E Assessment of biomechanical factors such as varus alignment 
of the lower extremity, true leg length discrepancies, femo- 
ral neck anteversion, muscle weakness, excessive Q angles, 
excessive subtalar pronation, or a pes cavus style is recom- 
mended, because these may contribute to the mechanical 
load imparted to the affected site (41). 





IMAGING 





E Radiographic findings are insensitive in the detection of 
early-stage stress injuries, and their usefulness is limited 
to the late phase. The time from onset of pain to positive 
radiographic evidence of a stress fracture can vary from 2-12 
weeks (45). Early radiographic findings of a stress fracture 
in the long bones may include the visualization of a faint 
fracture radiolucency in the cortical bone (46). As the bone 
remodels, the endosteum can become ill defined, thickened, 
and sclerotic. As the fracture heals and remodels, periosteal 
reaction follows both on the cortical and endosteal surfaces. 
Stress fractures present differently in trabecular and cortical 
bone. The former is characterized by a predictable pattern 
manifested by a line of sclerosis perpendicular to the trabec- 
ulae, whereas the latter demonstrates periosteal reaction or a 
cortical fracture line. 

E Radionuclide scanning is a more sensitive but less specific 
method for imaging bony stress injuries (36,45). Radionu- 
clide technetium-99 diphosphonate triple-phase scanning 
can provide the diagnosis as early as 2-8 days after the onset 
of symptoms (16). In acute stress fractures, all three phases 
of the bone scan are positive. One must be aware of the pos- 
sibility of increased uptake in nonpainful sites, indicating 
subclinical accelerated remodeling (5). 


E MRI is considered as the gold standard for the evaluation 
of stress injuries (5,35,45). Fat suppression technique allows 
for early detection of injuries improving sensitivity and 
accuracy. A four-stage grading system has been developed: 
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A grade 1 injury simply shows periosteal edema on the fat 
suppressed or short tau inversion recovery (STIR) images. In 
grade 2 injuries, abnormal increased signal intensity is also 
seen within the marrow cavity or along the endosteal surface 
on fat-suppressed T2-weighted images. In grade 3 injuries, 
signal abnormalities are also present on T1-weighted images. 
Grade 4 injuries involve an actual fracture line often seen 
on both T1- and T2-weighted images (16). One study (2) 
showed that grade 3 and 4 injuries took longer to heal than 
grade 1 and 2 injuries and demonstrated that the grade of 
injury has prognostic implications regarding the time of 
healing. Reported false-negative MRI findings have been 
because of reader errors, suboptimal choice of imaging 
planes and sequences, inhomogeneities in fat suppression, 
and partial volume effects (19). 

E Before making therapeutic decisions, it is important to 
correlate MRI findings with clinical symptoms. Bergman 
and Fredericson (5) studied 21 asymptomatic runners with 
MRI of the tibia. Nine (43%) of them showed abnormalities 
indicating stress injuries. After 12 months, none of the 
asymptomatic runners developed a bone stress injury. Stress 
response to exercise may cause bone marrow edema, and 
interpretation should always be made in conjunction with 
the patient’s clinical history (45). 





GENERAL PRINCIPLES OF TREATMENT 





E Itis important to distinguish stress fractures at higher risk for 
delayed union, nonunion, displacement, or intra-articular 
component. These fractures require early diagnosis, aggres- 
sive treatment, and occasionally internal fixation. High-risk 
stress fractures include fractures of the femoral neck, patella, 
tibial diaphysis, fifth metatarsal diaphysis (Jones fracture), 
tarsal navicular, body of the talus, base of second metatarsal, 
sesamoids, and pars interarticularis. 

E Less critical or not-at-risk fractures can be treated with a 
two-phase protocol. Phase 1 includes pain control with 
analgesics and physical therapy modalities. Weight bearing is 
allowed for normal activities within the tolerance of pain. 

E A modified activity program such as elliptical, rowing, 
or cycling can be used to maintain strength and fitness 
but to reduce impact loading to the skeleton. A program 
of deep water training or pool running can be indicated. 
In our experience, we have found it useful to include an 
antigravity treadmill device as part of the cross-training 
recovery protocol. This device allows controlled, progres- 
sive weight bearing while permitting unrestricted mobility 
and natural mechanics and enables the athlete to preserve 
aerobic condition. 


E Phase 2, graduated return to sport, generally begins once the 
athlete has been pain free for 10-14 days. The athlete can 
return to running only every other day for the first 2 weeks. 
Then, over a 3- to 6-week period, a gradual increase in dis- 
tance and frequency is permitted (17). 
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Functional foot orthoses may play a role in treatment and 
prevention of stress fractures (15). Orthoses are useful either 
for reducing abnormal pronation in patients with a markedly 
everted rear foot or providing better shock absorption in 
athletes with a rigid, inverted rear foot (10). 


If there is a positive history of irregular menses or amenor- 
rhea, then consideration should be given to obtaining a bone 
mineral density test and endocrine workup. Hormonal re- 
placement therapy indication should be cautiously considered 
only if the athlete is unable to resume normal menses through 
weight gain and is not indicated as a long-term solution. 
Calcium and vitamin D supplementation and additional nu- 
tritional deficiencies should be assessed and corrected (20). 


The role of calcium and vitamin D supplementation in 
the prevention of stress fractures is still to be determined. 
Recent evidence shows that a daily calcium dietary intake of 
1,500 mg in female adolescent athletes reduced incidence of 
stress fractures and increased bone mineral density (55). 


There is still not conclusive evidence to prove any beneficial 
effect of bisphosphonates for the treatment of stress fractures 
in humans (51,52). Adverse effects should be considered, 
especially in adolescents with open physis and women of 
childbearing age. In these patients, the safety of bisphospho- 
nate use has not yet been established (51). 

Electrical stimulation has proven to be effective in enhancing 
regular fracture healing, but limited experience exists on its 
benefits for stress fractures (22,44). Electric fields can be 
useful to accelerate stress fracture healing, but treatment 
protocol requires compliance with the use of the device 
for 15 hours per day in combination with rest and limited 
weight bearing. Electrical stimulation may be particularly 
indicated in the more severe cases or in the elite athlete with 
higher motivation for superior compliance (3). 


SPECIFIC SITES OF STRESS FRACTURE 





Pelvis 


Sacrum 


Stress fractures in the sacrum are most common in women 
distance runners with low bone density, but can be seen in 
those with normal bone mineralization. These stress fractures 
tend to involve the anteroinferior aspect of the sacral wing 
unilaterally, mimicking a sacroiliitis (21). 

MRI is recommended for diagnosis, with intermediate signal 
intensity on T1-weighted images and high-signal intensity on 
T2-weighted images in the anterior aspect of the sacral ala (19). 


Pubic Rami 


More commonly, a bony stress reaction may develop in run- 
ners at the symphysis pubis (osteitis pubis) or at the inferior 
pubic ramus adjacent to the symphysis and is believed to 
be related to overuse of the adductor muscles for pelvis 
stabilization. 


E Treatment for both of the above pelvic stress fractures 
requires a period of rest and temporary use of crutches if 
there is any pain during ambulation. Symptoms usually 
resolve within several weeks, and a gradual return to athletic 
activity can typically be safely advised between 10 and 
12 weeks. 


Ischium 


E An ischial ramus stress reaction is not considered a true 
stress fracture, because it is seen in association with proximal 
hamstring tendinopathy or hamstring bursitis, secondary to 
chronic traction of the muscle origin (17). 


Femoral Neck 


E Stress fractures of the femoral neck are high-risk fractures 
and should be considered in any athlete, especially a distance 
runner, who presents with hip, thigh, or groin pain. Pain and 
symptoms are worse with weight bearing, and there is often 
reduced range of movement in the hip, particularly internal 
rotation. 


E Early detection of femoral neck stress fractures is crucial, 
because continued stress may lead to a displaced fracture, 
with associated risk of avascular necrosis and irreversible 
damages to the joint (38). 

E Compression fractures are more common in younger ath- 
letic patients and are located at the cortex of the lower 
medial margin of the femoral neck. The early radiographic 
appearance of these fractures is subtle endosteal lysis or scle- 
rosis along the inferior cortex of the femoral neck, followed 
by progressive sclerosis and appearance of a fracture line. 
If radiographic findings are negative, MRI should be indicat- 
ed to detect bone marrow edema and the presence or absence 
of a low signal intensity line that indicates a fracture. 


E If there is no fracture line present, treatment is conserva- 
tive, with a period of non—weight bearing to allow healing 
(19,57). Athletes are allowed to continue conditioning exer- 
cises such as swimming or cycling during the period of rest. 
The return-to-play criteria are based on asymptomatic full 
weight bearing, no pain with passive range of motion of the 
hip, and follow-up imaging studies with signs of a healed 
fracture. As a rule, 2-3 months are required for complete 
healing of stress fractures of this type (19). 


E Surgical management of this injury is considered under the 
following circumstances: failure of nonoperative manage- 
ment, prophylactic stabilization of a fracture at high risk 
for displacement, any displaced femoral stress fracture, and 
malunion or nonunion (19). 


Femoral Diaphysis 


E Stress fractures of the femoral diaphysis are relatively com- 
mon but often misdiagnosed as muscle or tendon injuries. 
The most common site of injury is the posteromedial cortex 
of the proximal femur (18). 


Athletes typically complain of an insidious onset of vague 
poorly localized thigh pain that is activity related. Physical 
examination may reveal local tenderness, with normal hip 
range of motion. Hopping on the affected side will typically 
reproduce pain in the involved bone. The fulcrum test can be 
helpful in localizing the anatomic site of involvement (29). 


MRI shows periosteal and bone marrow edema involving the 
medial aspect of the femur approximately at the junction of 
the proximal and middle thirds of the femoral diaphysis (4). 
If there is no evidence of cortical break or displacement, 
conservative treatment is indicated. Once the athlete can 
ambulate without pain, a cross-training program is appro- 
priate and return to athletic activities can be initiated after 
8-12 weeks. 


Patella 


Stress fracture of the patella is a rare injury that occurs typi- 
cally in young athletes and jumping sports (13,14). 

The clinical findings are localized tenderness over the patella. 
Most patellar stress fractures are of the transverse type. These 
may be confused radiographically with bipartite patella; 
however, a patella fracture line tends to be more oblique than 
the bipartite patella. 


Tibia 
Posterior-Medial Tibial Shaft 


Many athletes, particularly runners, commonly experience 
pain along the medial border of the tibia related to training. 
Pain in this location from medial tibial stress syndrome 
(tibial periostitis) and tibial stress fractures accounts for up 
to 75% of injuries presenting to a sports medicine clinic (47). 


Pain is located along the posteromedial border of the tibia, 
usually in the middle or distal thirds. It is often difficult to 
clinically distinguish the more severe tibial stress reaction or 
fracture from the more common medial tibial stress or shin 
splint syndrome. It has been suggested that the periostitis 
(seen as periosteal edema on MRI) may be the initial injury 
on a spectrum that, if allowed to progress, may evolve into a 
more serious bone injury (16). 

The physical examination findings such as localized tibial 
tenderness and pain with direct or indirect (at a distance 
from the site of tenderness) percussion over the involved 
bone help distinguish it from the more common medial 
tibial stress syndrome. 


The pain is occasionally aggravated by testing muscle 
strength actively, particularly in those muscles that have 
origins on the posterior medial tibial border including the 
soleus (best tested by repetitive toe raises), posterior tibialis, 
and flexor digitorum longus. 


It is also important to evaluate the lower extremity alignment 
as well as mechanical gait. Athletes with increased subtalar 
pronation have shown a tendency toward developing tibial 
stress injuries (43). It has been found that both the degree 
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of pronation and also the timing of pronation during gait 
are important discriminators between athletes at higher 
risk (56). 

The temporary cessation of running is essential to allow 
for bony remodeling and repair. This can range from a few 
days to 3 weeks for a minor injury to 12 weeks for a severe 
injury with frank cortical fracture. If there is pain with daily 
activities, a pneumatic tibial brace can be used to immobilize 
distal and midtibial injuries (16). 


Anterior Tibial Diaphysis 


Stress fractures of the anterior cortex of the midtibia require 
a different approach and treatment. They occur most com- 
monly in athletes performing jumping or leaping activities. 
Located in the tension side of the bone, they are prone to 
delayed union, nonunion, or even complete fracture (48). 
Radiographs show a radiolucent cortical defect surrounded 
by sclerosis, known as the dreaded black line for its propen- 
sity for nonunion or even progression to complete fracture 
that may displace (48). 

These patients require treatment in a non—weight bearing 
brace for 6-8 weeks. Surgical excision and bone grafting 
or placement of an intramedullary rod is indicated after 
3—6 months of failed closed management (32). 


Proximal Tibial Metaphysis 


The proximal tibial metaphysis is a less common site of stress 
fracture. Tenderness is located along the medial aspect of the 
proximal tibia just below the medial joint line and is often 
misdiagnosed as pes anserinus tendinitis or bursitis (24). 
Radiographs may show a linear transverse region of sclerosis 
2-3 mm wide in the medial plateau close to the level of the 
epiphyseal scar. 


An MRI examination may demonstrate bone marrow edema 
of the proximal tibial and medial tibial plateau before radio- 
graphic signs appear, with periosteal edema and sometimes a 
fracture line (4). 


Fibula 


Fibular stress fractures are relatively common, accounting 
for up to 21% of all stress fractures in athletes (25). Although 
fibular stress fractures can occur more proximally, the ma- 
jority occur in the lower third of the fibula, just proximal to 
the tibiofibular ligament attachment. 


The subcutaneous location of the fibula makes it easy to 
recreate symptoms with direct palpation over the involved 
bone. These athletes are often found to have a cavus-type foot. 
Radiographs may not be diagnostic at early stages, whereas 
MRI examination allows for early diagnosis showing peri- 
osteal as well as bone marrow edema and often a fracture 
line (4). 

Fibular stress fractures are noncritical injuries, and a gradual 
return to running can typically resume when local tenderness 
resolves. 


Treatment of an uncomplicated partial stress fracture 
should include at least 6 weeks of non—weight-bearing cast 
immobilization until the navicular is no longer tender. This is 
followed by a further 6-week program of rehabilitation (17). 
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Medial Malleolus = 
E The repetitive stress of running and jumping can create a 

vertical stress fracture starting at the junction of the medial 

malleolus and the tibial plafond and continuing proximally gy 


and slightly medially. 


It is hypothesized that chronic anteromedial impingement of 
the talus on the medial malleolus during ankle dorsiflexion 
may result in a medial malleolar stress fracture (31). 


Stress reactions without frank cortical fracture can be treated 
with temporary immobilization. Unlimited ambulation in a 
brace is permitted and a gradual return to sport is allowed as 
symptoms resolve. 


The presence of a radiographically detectable fracture line 
or displaced fragment, particularly in a high-level or in- 
season athlete, is considered an indication for surgical in- 
tervention (50). 


Calcaneus 


Calcaneal stress fractures usually present as heel pain with 
localized tenderness over the bone, usually in the body of 
the calcaneus posterior to the talus (23). Initially, these 
injuries may present similar to plantar fasciitis. A less 
common stress injury involves the anterior process of the 
calcaneus (6). 


Pain elicited by squeezing the calcaneus from both sides 
simultaneously can usually differentiate this condition from 
retrocalcaneal bursitis, Achilles tendinitis, plantar nerve 
entrapment, subtalar arthritis, and radiculopathy (17). 
Radiographs generally become positive within the first 
month after pain presentation and show callus formation 
perpendicular to the trabecular axis of the calcaneus, usually 
located between the calcaneal tuberosity and the posterior 
facet of the subtalar joint. 

This is a noncritical stress fracture with rapid healing, and 
return to activity is usually possible within 6 weeks following 
restriction of activity and partial weight bearing. 


Navicular Bone 


Tarsal navicular stress fractures are especially important, as 
they are particularly difficult to diagnose in their early stages 
and have a high risk of nonunion. 


Patients report an insidious onset of vague foot pain that 
is worse with certain activities, such as explosive sprinting, 
rapid changes in direction, jumping, and push-off (40). 
Tenderness is often located over the dorsal border of the 
navicular near the talonavicular joint (34). 


Investigation usually requires bone scan or MRI. Computed 
tomography (CT) is often needed to detect early separation 
of bone fragments or more clearly define the degree of 
fracture (4). 


The most common site of stress fracture within the navicular 
is the central third, which is an area of relative avascularity. 


Athletes who have sustained a navicular stress fracture are at 
high risk of developing a recurrent stress fracture at the same 
site if they return to their preinjury level of activity. A surgi- 
cal option should be considered in the athlete to minimize 
time out of competition and additional risks (40). One study 
(49) used the CT fracture pattern to classify the lesion and 
determine the best treatment. Type I shows a cortical break, 
type II fractures propagate into the navicular body, and type 
NI fractures propagate into the opposite cortex. Early op- 
erative intervention was recommended for type II and II 
injuries, with return to activity of approximately 4 months 
for all groups. 


Talus, Cuboid, and Cuneiform 


Stress fractures of the talus, cuboid, and cuneiform bones 
are uncommon. In general, joint involvement, displacement, 
and nonunion do not occur, and treatment can be the same 
as that for other noncritical stress fracture (34). 


Stress fractures of the talus may have poorer long-term out- 
comes, and patients may suffer from persistent pain (6). In 
particular, fractures of the body of the talus can extend into 
the subtalar joint, which places them into the critical-at-risk 
category and requires at least 4-6 weeks of immobilization 
and occasionally open reduction and internal fixation (7,34). 


Metatarsals 


Stress fractures of the metatarsal bones were first described 
in military recruits and referred to as a march fracture. This 
fracture typically occurs in the neck or distal shaft, with 
the second and third metatarsals most commonly affected 
(26,41). 

The stress fracture at the base of the second metatarsals is 
known as the dancer’s fracture. Pain is noted to be greatest 
when in the full en pointe position. During this maneuver, the 
foot is maximally plantarflexed, and weight is borne on the 
plantar aspect and tip of the first and second distal phalanges 
(42). These injuries can be difficult to differentiate from 
synovitis of the Lisfranc joint (23). MRI is often necessary for 
diagnosis. The injury involves the volar and medial aspect of 
the Lisfranc joint and should be recognized early and treated 
with at least 4 weeks of non—weight-bearing immobilization 
(33,42). 

Stress fractures of the proximal fifth metatarsal diaphysis 
that occur more than approximately 1.5 cm distal to the 
tuberosity are known as Jones fractures (30). It is important 
to differentiate this fracture from the acute avulsion fracture 
of the tuberosity of the fifth metatarsal (7). The avulsion 
injury is noncritical and is treated with relative rest and then 
gradual progression. The Jones fracture is notorious for poor 


healing and requires prolonged immobilization (6—12 weeks) 
followed by a functional splint for another 4-8 weeks. In the 
athletic population, open reduction and screw fixation are 
recommended (33). 


Sesamoids 


Stress fracture of a sesamoid of the great toe can be particu- 
larly disabling and can result in delayed union or nonunion. 
Passive distal push of the sesamoid, direct tenderness, and 
sesamoid area pain with stretch of the flexor hallucis suggest 
the diagnosis. 

Radiographic changes may be difficult to detect in sesamoid 
stress fracture, but occasionally, axial views or magnification 
views can assist in the diagnosis. Separation of the sesamoid 
fragments and irregular edges suggest a stress fracture rather 
than a bipartite sesamoid. MRI is often indicated to confirm 
the diagnosis (4). 

Rest from the offending activity is clearly advised. For non- 
operative treatment, it is essential to include a non—weight- 
bearing 6-week immobilization period with the use of an 
orthotic designed to off-load the sesamoids and specifically 
prevent dorsiflexion. Surgical excision is advocated if conser- 
vative treatment fails (9). 
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Lower Extremity Nerve 


Entrapments 


Evan Peck and Jay Smith 





INTRODUCTION 





E Neurologic conditions account for 10-15% of all exercise- 
induced leg pain among runners (15,79,82,88). Causes in- 
clude contusion, compression, stretching, and iatrogenic 
injury (3,5,6,78-80). The interdigital (interdigital or Morton 
neuroma), lateral plantar (LPN), medial plantar (MPN), 
tibial (TN), peroneal (common [CPN], deep [DPN], and/or 
superficial [SPN]), sural (SN), or saphenous nerves may be 
affected (79). 

E Figures 68.1 through 68.7 show the relevant neuroanatomy, 
including as it pertains to entrapment sites. 

E Table 68.1 outlines the anatomic relationship among the 
lower limb nerves. 





COMMON NERVE ENTRAPMENT 
SYNDROMES 





Interdigital Neuroma (Morton Neuroma) 


Definition 

Æ Most commonly affects the third web space; rarely the first or 
fourth web spaces (Figs. 68.1 and 68.2) (82). 

E Typically affects ages 20 or older; more common in women 
(5,78,79,98). 


Anatomy, Pathophysiology, and Risk Factors 

E During push-off, forceful toe dorsiflexion compresses and 
stretches the interdigital nerve across the dorsal intermeta- 
tarsal ligament, resulting in demyelination, scarring, and 
hypertrophy (5). 

E Others suggest that Morton neuromas result from the pres- 
sure of the metatarsal heads and metatarsophalangeal (MTP) 
joints (41). 

E Risk factors: prolonged running, squatting, high-heeled or 
narrow toe-boxed shoes, or demi-pointe in ballet (98). 

E Hyperpronation dorsiflexes the third metatarsal relative to 
the fourth, exposing the nerve to injury during push-off (79). 








E Idiopathic MTP synovitis may cause local edema and inter- 
digital nerve compression (78). 


Symptoms and Signs 

E Tenderness in affected intermetatarsal space; neuropathic 
pain, typically between the third and fourth toes, increased 
with running, standing, walking, toe dorsiflexion, and 
squatting. 

E Provocative testing: pressure over plantar aspect of the 
web space between the metatarsal heads, or squeezing 
metatarsals together during palpation. The squeeze test 
may also result in a click (“Mulder click”) as the neuroma 
subluxates from between the metatarsals in a plantar 
direction (79). 


Differential Diagnosis and Evaluation 

E Differential diagnosis includes proximal and systemic neu- 
rologic conditions, stress fractures, MTP joint synovitis or 
arthritis, and flexor tenosynovitis. 

E Diagnostic interdigital nerve block is confirmatory. 

E Diagnostic ultrasound (US) can be used for diagnosis or to 
guide therapeutic injection (34,36,70,83). 

E Magnetic resonance imaging (MRI) and US have compa- 
rable detection rates for evaluation of Morton neuroma (45). 


Treatment 

E Activity modification, nonsteroidal anti-inflammatory 
drugs (NSAIDs), footwear modifications, physical ther- 
apy, and biomechanical interventions to reduce toe dor- 
siflexion, control hyperpronation, and maintain greater 
metatarsal separation. 

E Corticosteroids have been used with good results in some 
cases (52). 

E Sonographically guided alcohol ablation of the neuroma 
may be used (36). One study reported resolution of pain in 
80.3% of cases at a mean follow-up of 36 months (50). 

E Surgery is generally indicated when diagnosis is firm and 
symptoms refractory. One study noted that 76% of cases 
were asymptomatic at a minimum of 2 years postoperatively 
after surgical resection (22). Minimally invasive techniques 
have also been described, with similarly favorable outcomes 
reported in one small study (100). 
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FIGURE 68.2: Interdigital neuroma in the third intermetatarsal 
space. By permission of Mayo Foundation for Medical Education and 
Research. All rights reserved. 


Saphenous n. 









FIGURE 68.1: Shaded area represents region of sensory loss with an 
interdigital neuroma in the third intermetatarsal space. By permission 
of Mayo Foundation for Medical Education and Research. All rights 
reserved. 


Flexor 
retinaculum 


FIGURE 68.3: Tibial nerve (TN) and tarsal tunnel. 

Shaded areas represent typical sites of nerve entrapment. 
ADQ, abductor digiti quinti muscle; AH, abductor hallucis Jogger's foot 
muscle; LPN, lateral plantar nerve; MCN, medial calcaneal (MPN) 
nerve; MPN, medial plantar nerve. By permission of Mayo : == 
Foundation for Medical Education and Research. All rights i MPN LPN 1st branch LPN 
reserved. (n. to ADQ) 
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FIGURE 68.4: First branch of lateral plantar 
nerve (FB-LPN). Shaded areas represent typical sites 
Tibial n. of entrapment. By permission of Mayo Founda- 
tion for Medical Education and Research. All rights 
reserved. 
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Tibial Nerve (TN): Tarsal Tunnel 
Syndrome (TTS) 


Definition 

E TN entrapment most commonly occurs at the level of the 
tarsal tunnel (Fig. 68.3) (82). There is a slight (56%) female 
predilection (43). TN entrapment may also occur at the level 
of the medial gastrocnemius (high TTS), under the fibro- 
muscular arch of the soleus, or as a result of popliteus muscle 
tear (5,6,19,24,67,78,79). 


Medial 
plantar n. 


Anatomy, Pathophysiology, and Risk Factors 
E The TN originates from the L4 to S3 spinal segments and 
is the larger terminal branch of the sciatic nerve (52). 
The tarsal tunnel is a fibro-osseous space formed by the 
flexor retinaculum, medial calcaneus, posterior talus, distal 
tibia, and medial malleolus, and extends from the distal tibia 
Saphenous n. to the navicular bone. Over 90% of the time, the TN will di- 
vide into the MPN and LPN within the tarsal tunnel (43). 
Within 1—2 cm below the medial malleolar-calcaneal line, 
the MPN and LPN enter separate fibro-osseous canals at 
the origin of the abductor hallucis muscle (AHM) (62,79). 
At this point, the LPN may be particularly vulnerable to 
injury (43). 


Lateral 
plantar n. 


E Etiologies include trauma, compression by space-occupying 
$ lesions (e.g., venous varicosities, ganglion, neurilemmoma, 
Medial calcaneal tenosynovitis, os trigonum, bone fragments, tumors, or 
branches of the Eo a i : 

tibial n accessory muscles), systemic disease, and biomechanical 


factors (38,55,58,59,62,64,65,69,77,87,99). Hyperpronation 


Sural n. 


MAYO increases AHM tension and may entrap the TN or plantar 


nerves (43). Eversion and inversion of the foot and ankle 
FIGURE 68.5: Cutaneous innervation of the plantar surface of the have been shown to decrease tarsal tunnel compartment vol- 
foot. By permission of Mayo Foundation for Medical Education and ume (9). A specific cause is identified in only 60%-80% of 
Research. All rights reserved. cases (43). 
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FIGURE 68.6: Superficial (SPN) 
and deep (DPN) peroneal nerves. 
Shaded areas represent typical 
sites of entrapment. By permission 
of Mayo Foundation for Medical 
Education and Research. All rights 
reserved. 


Superficial 
peroneal n. 


Symptoms and Signs 

E Symptoms include cramping, burning, and tingling at the 
medial ankle, medial foot, and/or plantar foot. The medial 
heel is usually spared because of the proximal origin of the 
MCN (43). Symptoms increase with activity. Running on a 
banked surface promotes hyperpronation and may aggra- 
vate symptoms (52). Resting and night pain may occur in 
provocative positions, and shaking the foot or walking may 
provide relief, similar to carpal tunnel syndrome (78,79). 


E Examination includes inspection for malalignment, defor- 
mity, or muscular atrophy causing or resulting from TTS, 
such as forefoot pronation, claw toe, talipes calcaneus, or cal- 
caneovalgus. Percussion testing is completed over the TN and 
all its terminal branches; a Valleix phenomenon (proximal 
radiation from the site of entrapment) may be elicited (21). 











Extensor 
digitorum 
brevis 
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Superior extensor 
retinaculum 


Inferior extensor 
retinaculum 


Deep peroneal n. 


Extensor 
hallucis brevis 


Sensory of 
deep peroneal n. 


Provocative maneuvers include sustained passive eversion or 
great toe dorsiflexion, and postexercise examination. 


E In severe cases, weakness of toe plantarflexion manifests by 
reduced push-off on the affected side (52). 


Differential Diagnosis and Evaluation 


E Differential diagnosis includes polyneuropathy, proximal or 
distal neuropathy, deep posterior compartment syndrome, 
popliteal artery entrapment, vascular claudication, venous 
disease, tenosynovitis, ganglia, plantar fasciitis, tibiotalar or 
subtalar synovitis, accessory muscles, and osseous compres- 
sion (76,93). 

Œ TN injury just distal to the SN contribution spares lateral 
calcaneal and foot sensation and gastrocnemius-soleus func- 
tion. Injury distal to the midportion of the leg affects plantar 
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FIGURE 68.7: Cutaneous innervation of the thigh, leg, and dorsal surface of the foot. By permission of Mayo Foundation for 
Medical Education and Research. All rights reserved. 
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Table 68.1 | Neuroanatomy of the Lower Limb 
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Sciatic nerve (L4—S3 spinal Tibial nerve (TN) 


segments) 


Lateral plantar nerve (LPN) 


Common peroneal nerve (CPN) 


Medial sural cutaneous nerve (MSCN) 
Medial calcaneal nerve (MCN)! 
Medial plantar nerve (MPN) 


Contribution to third interdigital nerve 
Medial hallucal nerve 

First branch of LPN (FB-LPN)? 
Contribution to third interdigital nerve 


Lateral sural cutaneous nerve (LSCN) 


Superficial peroneal nerve (SPN) 
Deep peroneal nerve (DPN) 


Femoral nerve (FN; L2—4 spinal segments) 
Lateral femoral cutaneous nerve (LFCN; L2-3 spinal segments) 


Obturator nerve (ON; L2—4 spinal segments) 


Saphenous nerve 





' May arise from the LPN or from the bifurcation of the LPN and MPN. 
? May arise directly from the TN. 


sensation and results in claw toe deformity caused by im- 
balance between the affected foot intrinsic muscles and the 
unaffected flexor digitorum longus (FDL) and extensor digi- 
torum brevis (EDB) muscles (52). 

Night pain, proximal radiation, and lack of pain during the 
first steps in the morning help differentiate TTS from plantar 
fasciitis (39). 

MRI is effective for examining the tarsal tunnel and reveals 
an inflammatory lesion or mass in up to 88% of patients 
with a firm clinical diagnosis of TTS (27). Diagnostic US can 
also effectively visualize structures within the tarsal tunnel 
and accurately identify compressive mass lesions and/or fo- 
cal changes in TN cross-sectional area (2,59,94). 


Electrodiagnostic (EDX) studies may be positive in up to 
90% of patients with tarsal tunnel syndrome; whether EDX 
findings correlate with surgical outcome is controversial 
(28,32). Of note, increased spontaneous activity can be seen 
in normal subjects in the AHM (8). 


Treatment 


Treatment includes activity modification, NSAIDs, neuro- 
modulatory medications (tricyclic and antiepileptic medi- 
cations), physical therapy, and biomechanical interventions 
including pronation control (43). A change in running hab- 
its to reduce TN tension may be useful (71). 


Corticosteroid injection may be useful; a period of postinjec- 
tion protected weight bearing is recommended (43). Injec- 
tions around the TN are more accurate with US guidance (72). 
Surgery may be indicated when diagnosis is firm and symp- 
toms are refractory (43). Up to 65% of patients required sur- 
gical treatment in one study (12). 

Postoperatively, neuropathic symptoms generally improve 
after 6 weeks, but maximal recovery may take 6 months or 
more (78). Although traditionally good or excellent results 
were reported in 79-95% of cases, a more methodologically 
stringent study indicated only 44% of patients significantly 


benefited at a minimum 24-month follow-up (43,68). An- 
other investigation found that 54% of patients obtained 
satisfactory benefit following surgical decompression of TTS 
(91). Endoscopic techniques exist, but adequacy of decom- 
pression has been questioned (62). 


First Branch of the Lateral 
Plantar Nerve (FB-LPN) 


Definition 


FB-LPN entrapment is reported to be the most common 
neurologic cause of heel pain (6,82). Up to 15% of ath- 
letes with chronic, recalcitrant heel pain may have FB-LPN 
entrapment (79). The average age of runners in the largest 
series to date was 38 years, and 88% were men (6). 


Anatomy, Pathophysiology, and Risk Factors 


The FB-LPN usually arises from the LPN in the tarsal tunnel, 
but in 46% of cases, it may originate directly from the TN 
(Fig. 68.3) (62). After penetrating the AHM and its fascia, the 
FB-LPN courses inferiorly, passing between the deep fascia 
of the AHM medially and the medial-caudal margin of the 
medial head of the quadratus plantae muscle laterally (6). 
The nerve then courses between the flexor digitorum bre- 
vis and quadratus plantae muscles (Fig. 68.4). The FB-LPN 
ramifies into three terminal branches supplying the flexor 
digitorum brevis, the medial calcaneal periosteum, and the 
abductor digiti quinti. The branch to the calcaneal perios- 
teum often supplies branches to the long plantar ligament 
as well as an inconsistent branch to the quadratus plantae 
muscle (79). 

FB-LPN entrapment may occur at the site of direction change 
from an inferior to lateral course deep to the AHM (most 
likely), between the calcaneus and flexor digitorum brevis 
muscle, or at the plantar aspect of the long plantar ligament 
(6,40). FB-LPN entrapment has been reported secondary to 
AHM or quadratus plantae hypertrophy, accessory muscles, 
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abnormal bursae, venous varicosities, calcaneal spurs, and 
scar tissue from adjacent repetitive injury (5,6,26,40,63). 

Œ FB-LPN irritation is believed to occur in up to 15%-20% 
of cases of chronic plantar fasciitis (5,6,40,52,78). Those 
with proximal edema of the flexor digitorum brevis or 
microtears in the plantar fascia may be more susceptible (52). 
The FB-LPN may be injured by a large calcaneal spur (80). 


Symptoms and Signs 

E Chronic, neuropathic, medial heel pain is seen. Symptoms 
are precipitated by sports in 50% of cases (6). Up to 25% 
of patients have severe pain in the morning secondary to 
venous engorgement, but night pain is rare (80). 

E A suggested pathognomonic sign of FB-LPN entrapment 
is maximal pain over the medial heel, superior to the plan- 
tar fascia origin, along a line drawn parallel to the posterior 
tibia. In one study, 100% of patients exhibited maximal pain 
over this site, although 42% also had mild tenderness of the 
plantar fascia origin (6). 


Differential Diagnosis and Evaluation 

Heel pain syndrome, plantar fasciitis, and fat pad disorders 
are suggested by finding maximal tenderness in the plantar 
calcaneal region, anterior medial calcaneus, or mid-medial 
edge of the plantar fascia, respectively (6). Sensory loss on 
the medial heel suggests another disorder. 

E In 27 patients with 38 symptomatic heels from surgically 
documented FB-LPN entrapment, only 44% had involve- 
ment of the LPN on EDX testing (80). 


Treatment 

E Most cases of FB-LPN entrapment respond to nonoperative 
measures (40). Recommended interventions include activ- 
ity modification, NSAIDs, neuromodulatory medications, 
physical therapy, biomechanical management for pronation 
control, and corticosteroid injections (40). One author rec- 
ommends no more than three injections at 2- to 4-week in- 
tervals be attempted (52). 

E Most clinicians advocate at least 6-12 months of nonopera- 
tive care before considering surgery. Postoperative recovery 
typically takes 3-6 months, but may be longer if small toe 
abduction is weak preoperatively (78). With careful pa- 
tient selection and firm diagnosis, good or excellent results 
may be seen in approximately 85% of patients (6). A ret- 
rospective analysis of outcomes after FB-LPN surgical re- 
lease found 50% of cases to be asymptomatic and 50% to 
be mildly symptomatic with activity, at a mean follow-up 
of 32.8 months (31). Endoscopic techniques have been 
described (49). 


Medial Plantar Nerve (MPN): Jogger’s Foot 


Definition 


E Syndrome of neuropathic pain radiating along the medial 
heel and longitudinal arch resulting from local entrapment 
of the MPN (71,82). 
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Anatomy, Pathophysiology, and Risk Factors 

E The MPN enters the sole of the foot, passes superficial to the 
traversing FDL tendon at the master knot of Henry, and con- 
tinues distally along the flexor hallucis longus tendon to divide 
into terminal medial and lateral branches at the level of the 
base of the first metatarsal (79). These branches ramify and 
terminate as three common plantar digital nerves within the 
medial three web spaces. The MPN is a mixed sensorimotor 
nerve providing sensation to the medial sole and plantar aspect 
of the first to third and medial fourth toes, as well as motor in- 
nervation to the AHM, flexor hallucis brevis, flexor digitorum 
brevis, and first lumbrical muscles (Figs. 68.3 and 68.5). 

E MPN entrapment typically occurs at the AHM fibro-osseous 
canal or master knot of Henry (5). The MPN may be com- 
pressed by AHM hypertrophy, functional hyperpronation, 
high-arched orthoses, or in association with hallux rigidus 
or tibial artery schwannoma (5,71,79,84). 


Symptoms and Signs 

E Exercise-induced neuropathic pain is reported, radiating 
along the medial arch toward the plantar aspect of the first 
and second toes. The most useful palpatory finding is maximal 
tenderness at the superior aspect of the AHM at the navicular 
tuberosity, with distally radiating pain (52,71). Provocative 
testing includes forceful passive heel eversion, standing on the 
forefoot, or percussion over the nerve. Examination may be 
normal unless the athlete is examined after running (5). 


Differential Diagnosis and Evaluation 


E MPN entrapment typically presents with burning medial 
heel pain, longitudinal arch aching, and medial sole par- 
esthesias (71). Differential diagnosis parallels that of TTS, 
with the exception of additional local pathologic processes. 
Resisted great toe plantarflexion or passive dorsiflexion in- 
duces pain with flexor hallucis longus tendinopathy, but not 
typically with nerve entrapment (52). 

E EDX studies should be interpreted with caution; asymp- 
tomatic runners have been found to have abnormal nerve 
conduction velocities in the MPN and sural nerve (14). 


Treatment 

E Rigid orthoses should be removed to avoid MPN compression. 
Functional hyperpronation may be addressed by medial arch 
strengthening, kinetic chain rehabilitation, modifying running 
mechanics (less valgus) or terrain, or altering footwear (71). 

E Surgical release has been successful in refractory cases and is 
generally a distal extension of TTS surgery. 


Common Peroneal Nerve (CPN) 


Definition 

E CPN entrapment typically occurs at the fibular head, proxi- 
mal to the bifurcation into the SPN and DPN, and produces 
dorsiflexion weakness and neuropathic pain over the antero- 
lateral leg and foot dorsum (82). It is the most prevalent pe- 
roneal nerve injury seen in runners (44,52,57). 
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Anatomy, Pathophysiology, and Risk Factors 


E The CPN contains sensory and motor fibers from the L4—S2 
segments and is the smaller terminal branch of the sciatic 
nerve (Figs. 68.5 through 68.7). The CPN separates from 
the sciatic nerve at the apex of the popliteal fossa, where it 
supplies innervation to the short head of the biceps femoris 
muscle and divides into the SPN, DPN, and lateral sural cu- 
taneous nerve at the level of the fibular head. 


E The SPN innervates lateral compartment leg muscles and 
emerges from the lateral compartment by penetrating the 
crural fascia 10.5—12.5 cm proximal to the tip of the lateral 
malleolus. It supplies sensation to the anterolateral leg and 
divides into terminal medial and intermediate cutaneous 
branches about 6 cm above the lateral malleolus (Figs. 68.6 
and 68.7). These branches enter the dorsal foot superficial 
to the inferior extensor retinaculum and supply sensation to 
the dorsal foot, with the exception of the first web space. 


E The DPN innervates anterior compartment leg muscles, di- 
vides into medial and lateral branches 1—2 cm proximal to 
the ankle, and enters the foot deep to the inferior extensor 
retinaculum. The medial branch supplies sensation to the 
first web space; the lateral branch innervates the EDB and 
local joints. Up to 20% of individuals may have accessory 
innervation of the EDB from the SPN (52). 


E The CPN is vulnerable to compression at the fibular head. 
Causes include external compression, aneurysms, tumors, 
tibiofibular joint ganglia, tibiofibular or knee dislocation or 
instability, Baker cyst, generalized ligamentous laxity, genu 
varum, genu recurvatum, compartment syndrome, stress 
fracture, fabella syndrome, fascial compression by the edge 
of the peroneus longus muscle, direct ice injury, ischemia, 
and complication of an ankle sprain or after knee surgery 
(1,7,17,20,44,54,56,57,60,66,85). 


Symptoms and Signs 

E The DPN is often more severely affected than the SPN. Neu- 
ropathic symptoms may affect the anterior or anterolateral 
leg, extending into the dorsal foot and toe web spaces. The 
most common complaint is weakness, most often with ankle 
dorsiflexion (52). 

E Postexercise percussion sensitivity or weakness was detected 
in all seven patients with CPN injury who had normal base- 
line examinations in one study (44). 


Differential Diagnosis and Evaluation 


E A focal CPN injury would not involve the TN sensorimo- 
tor functions or the cutaneous distribution of the saphenous 
nerve. Sciatic neuropathy, lumbosacral plexopathy, and L5 
radiculopathy may also produce foot drop, but typically 
produce weakness in nonperoneal innervated muscles, non- 
peroneal territory sensory loss, and nonperoneal reflex loss. 
Multiple sclerosis may present as relatively painless, exercise- 
induced foot drop (Uhthoff phenomenon). 

E Diagnostic US can detect intraneural ganglia and other 
CPN abnormalities (95). EDX abnormalities may only occur 
postexercise (44). 
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Treatment 


Treatment may include nerve protection, neuromodulatory 
medications, transcutaneous electrical nerve stimulation 
(TENS), biomechanical interventions, dorsiflexion support, 
knee stabilization, or change in running technique. 

E If the clinical diagnosis is firm, operative decompression 
usually provides satisfactory results. In one small study, 86% 
of runners returned to normal activities within 6 weeks of 
surgical treatment (44). 


Superficial Peroneal Nerve (SPN) 


Definition 

E Typically occurs as the nerve penetrates the crural fascia 
above the ankle, resulting in neuropathic pain in the SPN 
distribution (Figs. 68.6 and 68.7). Among athletes, the mean 
age is 28 years, and men and women are equally affected (79). 


Anatomy, Pathophysiology, and Risk Factors 

ŒE May result from sharp fascial edges, chronic ankle sprains, 
muscular herniation, direct contusive trauma, fibular frac- 
ture, edema, varicose veins, wearing tight ski boots or roller 
blades, biomechanical factors, space-occupying lesions (such 
as nerve sheath tumors, lipomas, and ganglia), ankle frac- 
tures, or a complication of ankle surgery (74,86,92). Up to 
10% of affected individuals may have lateral chronic exer- 
tional compartment syndrome (90). 


Symptoms and Signs 

E Diffuse ache over the sinus tarsi or dorsolateral foot. One- 
third of patients report numbness or tingling (89). Sensation 
may be an achy distal anterolateral leg discomfort, and proxi- 
mal radiation has been reported (48). 


E Examination may reveal percussion tenderness, a fascial de- 
fect (60% of patients), or muscular herniation at the exit site 
approximately 10.5—12.5 cm above the ankle. 


E Provocative testing before and after exercise is the most useful 
clinical indicator of SPN entrapment and includes: (a) pres- 
sure over the exit site during resisted ankle dorsiflexion- 
eversion, (b) pressure over the same area during passive 
plantarflexion combined with inversion, and (c) percussion 
over the SPN course while passive plantarflexion and inver- 
sion are maintained. Pain or paresthesias indicate a positive 
test, and the presence of two positive tests strongly supports 
the diagnosis (89,90). Sensation may be diminished, but this 
is uncommon (79). 


Differential Diagnosis and Evaluation 

E Postexercise nerve conduction testing has been advocated 
when necessary (90). Diagnostic US can trace the course of 
the SPN to assess for abnormalities (11). 


Treatment 

ŒE Parallels that for CPN entrapment, but may also include cor- 
ticosteroid injection, ankle instability rehabilitation, myofas- 
cial release, or lateral heel wedges. 
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E In refractory confirmed cases, surgery typically consists of 
isolated release at the fascial exit site, reduction of muscular 
herniation, fat nodule resection, and fasciotomy if compart- 
ment syndrome is documented. One study reported that up 
to 75% of patients who underwent surgical decompression 
remained improved at 18-month follow-up; however, only 4 
of 17 patients had unlimited activity levels, whereas 10 of 17 
patients categorized their activity as improved but still lim- 
ited (89,90). 


Deep Peroneal Nerve (DPN): Anterior Tarsal 
Tunnel Syndrome (ATTS) 


Definition 
B® DPN irritation in the vicinity of the extensor retinaculum, 


resulting in neuropathic pain extending into the dorsome- 
dial foot and first web space (Figs. 68.6 and 68.7) (82). 


Anatomy, Pathophysiology, and Risk Factors 

E The DPN traverses deep to the extensor retinaculum and be- 
tween the extensor hallucis longus and extensor digitorum 
longus tendons, approximately 3—5 cm above the ankle joint. 
At the level of the oblique superior band of the inferior ex- 
tensor retinaculum, about 1 cm above the ankle joint, the 
DPN forms its terminal lateral and medial branches. The lat- 
eral branch innervates the EDB muscle. The medial branch 
courses distally with the dorsalis pedis artery, passing deep 
to the oblique inferior medial band of the inferior extensor 
retinaculum, where it may be entrapped by processes affect- 
ing the talonavicular joint (79). 

E DPN entrapment may occur at the inferior aspect of the su- 
perior extensor retinaculum where the extensor hallucis lon- 
gus crosses over the DPN, the inferior extensor retinaculum 
(most common), or where the EDB crosses the DPN in 
the first intermetatarsal space. In the latter two cases, an 
isolated sensory neuropathy of the medial branch occurs. 
Entrapment may occur due to trauma, shoe contact pressure 
(“boot top” neuropathy), osteophytic compression, edema, 
or synovitis or ganglia (16,18,29,46). 


Symptoms and Signs 

E Symptoms include dorsal midfoot pain and neuropathic 
symptoms extending into the first web space. Symptoms are 
worse with activity, prolonged standing, and wearing tight- 
fitting or high-top shoes, and relieved by rest. Night pain can 
occur from pressure or prolonged plantarflexion positioning 
(62). Depending on entrapment site, symptom provocation 
may occur with either plantarflexion or dorsiflexion of the 
ankle (5,62). 


Differential Diagnosis and Evaluation 


Æ Parallels that for CPN and SPN entrapments but also in- 
cludes anterior compartment syndrome. Because CPN en- 
trapments often preferentially affect the DPN fascicles, CPN 
injury presenting as DPN injury should be excluded (52). 
Involvement of the EDB localizes injury above the extensor 
retinaculum. 
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E Radiographs may reveal dorsal midfoot osteophytes or ac- 
cessory ossicles that may irritate terminal branches of the 
DPN (58). 


Treatment 

E Treatment includes footwear changes to avoid direct pres- 
sure, neuromodulatory and anti-inflammatory medications, 
TENS, edema control, ankle stability rehabilitation, and local 
corticosteroid injections. Surgery involves partial sectioning 
of the extensor retinaculum and osteophyte removal. Recov- 
ery may take 6-8 weeks. 





MISCELLANEOUS NERVE 
ENTRAPMENT SYNDROMES 





Medial Calcaneal Nerve (MCN) 


E MCN entrapment produces neuropathic pain at the medial 
heel secondary to entrapment in the tarsal tunnel region 
(82). The purely sensory MCN usually arises from the TN, 
but may arise from the LPN or at the MPN-LPN bifurca- 
tion; thus, the MCN many originate proximal to or within 
the tarsal tunnel. The MCN pierces the flexor retinaculum 
to provide cutaneous innervation to the posterior, medial, 
and plantar surfaces of the heel (Figs. 68.3, 68.5, and 68.7). 
Entrapment usually occurs as the MCN pierces the flexor 
retinaculum. 

E Contributing factors may include excessive pronation, direct 
compression, or repetitive heel impact on hard surfaces. 
Neuropathic pain is limited to the medial heel, and there is 
no motor or reflex deficit. Symptoms increase with activity. 
Percussion tenderness may be present, or paresthesia may 
occur when palpating the MCN as it pierces the retinacu- 
lum posterior to the TN (Fig. 68.3). Examination will less 
commonly reveal proximal radiation, or a “lamp cord sign,” 
a hypersensitive, tender thickening of the MCN along its 
oblique-posterior course (13). 

E Differential diagnosis is similar to TTS, but medial heel in- 
volvement suggests MCN entrapment. 

E Nonoperative management follows general principles pre- 
viously discussed, including measures to improve prona- 
tion control, corticosteroid injections, and cut-out pads and 
footwear alterations to reduce direct pressure on the MCN. 
A small study showed promising results with extracorporeal 
shockwave treatment (4). The “lamp cord” sign is often a 
poor prognostic factor, and surgery is often recommended 
to remove this “pseudoneuroma” (13). 


Sural Nerve (SN) 


E The SN is formed by branches of the TN and CPN in the pos- 
terior calf, 11-20 cm proximal to the lateral malleolus (82). 
Two centimeters proximal to the lateral malleolus, the SN 
provides a sensory branch to the lateral heel, and then courses 
subcutaneously inferior to the peroneal tendons to the base 
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of the fifth metatarsal, where it ramifies into distal sensory 
branches (Figs. 68.5 and 68.7). Causes include recurrent 
ankle sprains, calcaneal or fifth metatarsal fractures, Achilles 
tendinopathy, space-occupying lesions such as ganglia, direct 
contusion, footwear-induced pressure, or iatrogenic (33,61). 

Symptoms consist of achy, posterolateral calf pain, with neu- 
ropathic pain in the SN distribution. Examination includes 
percussion testing along the nerve and provocative testing by 
passive dorsiflexion and inversion. 


Sural nerve conduction studies in asymptomatic runners 
may be abnormal (14). 


Treatment emphasizes pressure reduction from footwear, 
Achilles stretching, neuropathic pain treatment, edema con- 
trol, and ankle stability rehabilitation. When SN block is 
indicated, US guidance has been shown to improve clinical 
outcome (73). A retrospective study found good to excellent 
results in 17 of 18 sural nerve entrapment cases undergoing 
surgical neurolysis (23). 


Saphenous Nerve 


The saphenous nerve is the largest cutaneous branch of 
the femoral nerve. This purely sensory nerve arises from 
the femoral nerve in the femoral triangle and courses with 
the femoral artery to the medial knee, where its infrapatel- 
lar branch supplies cutaneous sensation to the medial knee 
(82). It then courses inferiorly with the saphenous vein to 
supply cutaneous sensation to the medial calf to the level of 
the ankle (78). At the ankle, a branch passes anterior to the 
medial malleolus to innervate the medial foot (Figs. 68.3 and 
68.5). The saphenous nerve is most vulnerable at the medial 
knee, where it pierces the fascia and emerges from the distal 
subsartorial canal (Hunter adductor canal). 


Causes of saphenous neuropathy include entrapment at the 
adductor canal, pes anserine bursitis, contusion, patellar 
dislocation, and iatrogenic injury from knee surgery or in- 
jection (25,30,35,37,47,97). 

Athletes report neuropathic pain and numbness in the area 
of the medial knee and/or calf, depending on whether there 
is isolated infrapatellar branch or complete saphenous nerve 
involvement. Saphenous neuropathy related to pes anserine 
bursitis may clinically resemble tibial stress fracture (35). 


Examination includes percussion testing along the nerve 
starting at the adductor canal. 


Differential diagnosis includes all proximal femoral nerve, 
plexus, and root lesions, as well as musculoskeletal disorders 
about the knee. Diagnosis and treatment principles resemble 
those for SN entrapment but focus on different anatomic areas. 
Surgical release or excision of a neuroma may be necessary. 


Obturator Nerve (ON) 


ON entrapment is a potential source of groin pain in some 
athletes (53). The ON arises from the L2—4 spinal segments, 
exits the pelvis via a fibro-osseous tunnel (obturator canal), 


and divides into terminal anterior and posterior branches 
(53). These branches provide the predominant motor inner- 
vation to the thigh adductor group and sensory innervations 
to the distal one-half to two-thirds of the medial thigh (82). 
ON entrapment most commonly occurs at the exit of the 
obturator canal due to compressive fibrous bands located in 
this area (10,53). Rarely, ON entrapment may occur second- 
ary to the local inflammatory changes of osteitis pubis or 
from an obturator hernia (42,53). 

E The athlete will typically complain of activity-related groin 
pain of a deep, burning, achy quality. Pain radiation, numb- 
ness, tingling, and weakness are rare. Examination is largely 
unremarkable, but assists in excluding more common causes 
of hip and groin pain among athletes. 

E EDX studies may reveal fibrillation potentials in the ad- 
ductor muscles in some cases but are not uniformly helpful 
(10,53). Local anesthetic and corticosteroid injections may 
assist in making the diagnosis and have successfully treated 
some cases when combined with rehabilitation. Surgical 
treatment may be necessary (10). A laparoscopic method has 
been described (75). 


Lateral Femoral Cutaneous Nerve (LFCN): 
Meralgia Paresthetica 


E LFCN injury has been reported in athletes (51). The purely 
sensory LFCN arises from the L2—3 spinal segments and 
typically exits the pelvis by passing underneath or through 
the lateral aspect of the ilioinguinal ligament, just medial to 
the anterior superior iliac spine (ASIS) (53). The LFCN then 
splits into two terminal branches, supplying cutaneous in- 
nervation to the anterolateral thigh (82). LFCN injury usu- 
ally occurs at the level of the ilioinguinal ligament, where 
repetitive hip flexion-extension can injure the nerve, and the 
nerve is susceptible to local contusive trauma due to its su- 
perficial location. 

E Etiologies include rapid weight change, compression from 
tight clothing or belts, and systemic disease affecting nerves 
such as thyroid disease and diabetes. 


E Athletes report burning, aching discomfort over the antero- 
lateral thigh, with or without clear inciting factors. Exami- 
nation is often normal but may reveal percussion tender- 
ness or a percussion sign approximately 1 cm anterior and 
inferior to the ASIS, or a sensory deficit in the cutaneous 
distribution. 


E Differential diagnosis includes focal musculoskeletal pa- 
thologies or lesions affecting the lumbosacral plexus or L2-3 
nerve roots. Local anesthetic and corticosteroid injections 
may be diagnostic and therapeutic. Treatment involves re- 
moval of inciting factor, treatment of neuropathic pain, and 
injections. Up to 90% of cases resolve with nonoperative 
management (96). Surgical release is sometimes necessary 
(53). One series reported complete symptom resolution in 
73% of cases following surgical decompression at a mean 
follow-up of 4.1 years (81). 
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Medial Hallucal Nerve 


The medial hallucal nerve is a distal terminal branch of the 
MPN, providing sensation to the medial aspect of the great 
toe (82). This nerve may be rarely entrapped as it exits the 
distal end of the AHM, producing medial first MTP joint 
pain and neuropathic pain extending along the medial great 
toe. Etiologies include pressure from hallux valgus, promi- 
nent tibial sesamoid, abductor hallucis tendinopathy, and 
poorly fitting footwear. 


Percussion tenderness or a percussion sign over the nerve may 
be useful on examination. Differential diagnosis includes me- 
dial tibial sesamoid disorders, MTP joint disorders, and poly- 
neuropathy. Treatment includes removal of inciting factors 
and treatment of neuropathic pain as previously described. 
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Œ The physical modalities use physical forces to speed heal- 
ing and return an athlete to as full a level of function as 
possible. 

E These agents should not be used in isolation: They are more 
effective when used as a part of a comprehensive treatment 
approach including medical and/or surgical intervention as 
well as exercise and education (5). 





THERAPEUTIC HEAT 





E Energy transfer by physical modalities typically occurs by 
one of three processes: conduction, convection, or conversion. 

E Conduction: Heat energy is transferred by contact from the 
object of highest energy to the object of lowest energy. 

E Convection: The process of heat energy transfer between a 
solid object and a moving gas or liquid. 

E Conversion: The process of energy transfer that involves 
converting one form of energy to a different form. Use of 
high-frequency sound waves or electromagnetic (EM) waves 
to heat tissue will be discussed. 

E Heating modalities are divided into superficial and deep. 





PHYSIOLOGY OF SUPERFICIAL HEAT 





E Predominant mode of heating is conduction; however, some 
superficial applications use convection or conversion. 

E Superficial heat effects include vasodilatation, pain relief, 
reduction of muscle tone and spasticity, increased cellular 
metabolic activity, decreased joint stiffness, increased soft 
tissue extensibility, and promotion of hyperemia. Elevation 
of tissue temperature does not generally exceed 40°C and is 
usually short lived. 


E Causes superficial vasodilatation preferentially. 

ŒE May be associated with consensual vasodilatation of areas 
distant to the area being heated; for example, the contrala- 
teral limb. 

E Changes of 13-15°C in the finger joint may change joint 
viscosity by about 20% (93). 
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There is moderate evidence that heat wrap therapy provides 
short-term pain reduction and disability in patients with 
acute and subacute low back pain. There is further pain 
reduction and functional improvement with the addition of 
exercise (30). 


General Indications 


Pain 

Muscle spasm 

Contracture 

Tension myalgia 

Hematoma resolution 

Bursitis 

Tenosynovitis 

Fibromyalgia 

Superficial thrombophlebitis 
Acceleration of metabolic process 


General Contraindications and Precautions 


Acute inflammation, trauma, or hemorrhage 
Bleeding dyscrasia 

Ischemia 

Insensitivity 

Atrophic skin 

Scar tissue 

Inability to communicate 

Poor thermal regulation (systemic applications) 
Malignancy 

Edema 


Application Methods 


Hot Packs (Hydrocollator) 


Transfer of heat energy by conduction 
Application: Silicate gel in a canvas cover 


When not in use, these packs are kept in thermostatically 
controlled water baths at 70-80°C. 
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E Used in terry cloth insulating covers or used with towels 
placed between the pack and the patient for periods of 
20-30 minutes. 


E Advantages: Low cost, easy use, long life, and patient 
acceptance 


E Disadvantages: Difficult to apply to curved surfaces 


E Safety: One should never lie on top on the pack, as it is more 
likely to cause burns. Towels should be applied between the 
skin and hydrocollator pack. 


Heat Lamps 


E Heat primarily by the conversion of radiant energy to heat, 
i.e., the direct application of photons to living tissue leading 
to heat production. 

Application: Simple to use but require some attention to 
avoid injuries or burns. 

E In practice, therapeutic temperatures are usually obtained 
when the heat sources are about 50 cm from the skin. 


E The intensity of heating of point heat sources, such as 
incandescent bulbs, drops off in accordance with the inverse 
squared (1/r*) law; the heating effectiveness of linear sourc- 
es, such as some quartz lamps, may follow a more slowly 
decreasing 1/r relationship. 


E Safety: These agents produce erythema (known as erythema 
ab igne and erythema calor). 


E Chronic use may produce a permanent brownish discoloration. 


Hydrotherapy 
E Heat transfer is primarily by convection. 
E Uses a fluid medium (usually water) to apply heat 
and cold. 


E Immersion of large portion of the body in water at neutral 
temperatures between 36.5°C and 40°C for 20 minutes. 


E Water temperatures are limited to about 39°C if a signifi- 
cant fraction of the body is immersed. 


E Hydrotherapy medium may be stationary or in motion. 


Specific Modes 
Œ Whirlpool baths and Hubbard tanks 


E Tanks range in size/construction from small portable 
units to treat a portion of a limb to fixed Hubbard tanks 
for the entire body. 


E Hydrotherapy is expensive in terms of labor and resources. 


Advantages/Specific Uses 

ŒE Wounds and burns: Hydrotherapy may lessen pain and 
speed healing of open wounds (20,48). 

E Used for wounds and treatments when gentle mechanical 
debridement, heat, and solvent actions are desired. 

E For larger wounds, a 0.9% NaCl solution improves comfort 
and lessens the risks of hemolysis and electrolyte imbalance. 

BH Musculoskeletal/pain applications: Hydrotherapy is often 
used as an adjunct to joint mobilization after cast removal or 
prolonged immobilization. 
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E Sitz baths (small warm water bath) for perineal and anal pain. 

E Used to treat musculoskeletal pain, spasms, and tension 
myalgia. 

E In clinical institutions where disinfecting procedures are 
followed and areas of stagnant water are avoided, infection 
appears to be rare. 

Disadvantages 

E Should not be used with edematous limbs. 


E Treatment systems and infection control are time consuming. 


Contrast Baths 

Application 

E Contrast baths consist of two baths: a warm bath at 38—44°C 
and a cool reservoir at about 10—-18°C. 

E Treatment begins by soaking the involved limb in the warm 
reservoir for about 10 minutes and then progressing to about 


four cycles of 1- to 4-minute cold and 4- to 6-minute warm 
soaks (92). 


Advantages/Disadvantages 

E Most commonly used to produce reflex hyperemia and desen- 
sitization in patients with complex regional pain syndrome. 

E Athletes may find the cold baths uncomfortable. 

E May increase superficial blood flow and skin temperature; 
however, no effect on functional outcome (17). 


Spa Therapy (Balneotherapy) 

E Little research has addressed these issues for athletes. 

E In addition, a comparison of the effects of spa therapy, 
underwater traction, and water jets on low-back pain found 
no specific benefits attributable to balneotherapy (58). 


Fluidotherapy 

Application 

Heats by convection: Fine particles fluidized by turbulent, 
high-velocity hot air, frequently used in hand therapy. 

E Despite widespread use, benefits of this high temperature 
remain poorly established (3,16). 

E May be used for analgesia or desensitization. 


Paraffin Baths 

Application 

E Heats primarily by conduction: Liquid mixture of paraffin 
wax and mineral oil. 

E Helpful in the treatment of scars and hand contractures. 
Temperatures (52-54°C) are higher than those of hydrothe- 
rapy (< 40—45°C) but are well tolerated due to the low heat 
capacity of the paraffin—mineral oil mixture and a lack of 
convection. 


E Can be used in combination with exercise for patients with 
rheumatoid arthritis of the hands with beneficial short-term 
effects including improved range of motion and function 
and decreased swelling and pain (76). 

Treatment: Dipping, immersion, occasionally brushed onto 
the area of treatment. 
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E Safety: Burns are the main safety concern with paraffin 
treatment. 

E Visual inspection is important: Paraffin bath should have a 
thin film of white paraffin on its surface or an edging around 
the reservoir. 





DIATHERMY (DEEP HEATING) 





E The following differences set diathermy apart from superfi- 
cial heating: 
E Produces higher temperatures 
E Heats tissue faster and heat dissipates more slowly 


E Predominantly uses sound waves or EM energy 


Deep Heating Modalities 


Ultrasound 


E Ultrasound is defined as sound waves at a frequency above 
the threshold of human hearing (frequencies higher than 
20 kHz). 


Heats by Conversion 

E Ultrasound uses sound waves to heat tissues. A wide range 
of frequencies are potentially useful, but in the United States, 
most machines operate between 0.8 and 1 MHz. 


E Uses piezoelectric transducers to convert electrical energy 
into sound. 


Physiology 

E The most vigorous and deeply penetrating heating agent can 
elevate intramuscular temperatures by about 3.5—4.0°C (25). 

E Penetration is not uniform and depends markedly on tissue 
properties: Ultrasound beam will selectively heat tissue with 
high water content. 


E The ability of ultrasound to heat tissue by the conversion of 
sound energy into heat is its best-understood capability. 

E Nonthermal processes such as cavitation, shock waves, 
streaming, and mechanical deformation have been identified. 


E Cavitation occurs when small gaseous bubbles are formed in 
the presence of a high-intensity ultrasound beam and either 
oscillate stably or grow rapidly in size and collapse (28). 


E No irreversible harmful effects of cavitation have been 
demonstrated in animal tissue (31). 


E Streaming is described as movements in water-rich tissues 
and standing waves. Streaming may damage tissue or pos- 
sibly speed healing. 

E Typical intensity for application is 0.8-1.5 W/cm’. 


E Low-intensity ultrasound (15-400 mW/cm’) may also stimu- 
late cell proliferation, protein synthesis, and cytokine produc- 
tion. Although these findings are limited to the laboratory, 
they furnish some support for the clinical interest in low- 
intensity ultrasound in wound healing. 


Indications 

Tendonitis and bursitis 
Muscle pain and overuse 
Contractures 
Inflammation and trauma 


Scars and keloids 


The evidence is mixed. In most cases, ultrasound compari- 
sons have been performed against placebo controls; therefore, 
the relative effectiveness of this agent over that of other con- 
ventional approaches is unknown. There is, however, promis- 
ing evidence of effectiveness in lateral epicondylitis (85). 


E Fractures: Low-intensity ultrasound (e.g., 30 mW/cm’) 
accelerates bone healing and is approved by the Food and 
Drug Administration (FDA) for the treatment of some 
fractures (36). 


E Low-intensity pulse ultrasound (LIPUS) has been shown 
in vivo to enhance collagen synthesis after tendon injury 
during the granulation phase (2 weeks after injury) but 
to slow repair during the remodeling phase (4 weeks after 
injury) (32). 


Precautions 


ŒE Ultrasound is typically avoided in the acute stages of an 
injury due to concerns that it may aggravate bleeding, tissue 
damage, and swelling. 

E The subacute situation may be different, because many feel 
that ultrasound may speed healing and the resolution of 
symptoms in the later stages of injury. 


Phonophoresis 

E Ultrasound may be used to deliver medication into tissues. 
The active substance is mixed into a coupling medium, and 
ultrasound is used to drive the material through the skin. 


Œ Phonophoresis with corticosteroids is frequently used in 
sports medicine. 

E Clinical studies are conflicting. 

E In a comparison of phonophoresis of 0.05% fluocinonide 
with ultrasound alone at 1.5 W/cm’, both treatments were 
found to be beneficial but were indistinguishable in their 
effects on superficial musculoskeletal conditions (55). 

E Another study did not find lidocaine and corticosteroid 
phonophoresis to be more effective than the same treatment 
with an inert coupling agent (68). 


Contraindications 

E Fluid-filled areas (i.e., eye and the pregnant uterus) 

E Growth plates, immature or inflamed joints (27,87,88) 

EŒ Acute hemorrhages, ischemic tissue, tumors, laminectomy 
sites, infections, and implanted devices such as pacemakers 
and pumps 

E Caution: Relatively contraindicated near metal plates or 
cemented artificial joints because the effects of localized 
heating (19,34,79) or mechanical forces on prosthetic— 
cement interfaces are not well known. 
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Shortwave Diathermy 


Heats by Conversion 


E Shortwave diathermy (SWD) uses EM energy to interact with 
tissue and produce heat. 


E Both thermal and nonthermal effects are possible. 

E Tissue warming is produced by two processes: 
E Resistive heating 
E Degradation of molecular oscillatory motions that EM 

waves induce when they interact with tissue 

E SWD is the dominant EM diathermy in sports medicine, 
although it is relatively rarely used in comparison to other 
heating modalities. 

E Most devices operate at 27.12 MHz. The U.S. Federal Com- 
munications Commission also approves frequencies of 13.56 
and 40.68 MHz for use. 


Mechanism 
E An SWD machine is a signal generator that uses either in- 
ductive or capacitive electrodes to deliver energy to the body. 


E Inductive electrodes act as an antenna, and the body absorbs 
energy from an EM field produced by the shortwave machine. 


Œ With capacitive electrodes, the portion of the body being 
treated is placed in series between the electrodes and serves as 
the dielectric (resistance) between two plates of a capacitor. 


E Inductive applicators induce currents that preferentially 
flow in water-rich tissues such as muscles that are highly 
conductive. 


E Capacitive applicators, on the other hand, heat poorly con- 
ductive substances, such as fat preferentially (52). 


E SWD can increase subcutaneous fat temperatures by 15°C 
and intramuscular temperatures at depths of 4-5 cm by 
4-6°C (26,61,62). 


Technique 
E Two common inductive applicators are typically used (pads 
or drums). 


E Pad applicators are moderately flexible mats that contain 
a coil. 


E Drum applicators are characterized by fixed coils and hinges. 


Indications 


E Heating in tissues that are either too deep or too extensive to 
be treated by other modalities, e.g., the low back, the knee. 


Precautions and Contraindications/Safety 

E Jewelry is removed. 

‘Treatment is performed on nonconductive tables. 

E Contraindications include metal implants or electrical 
devices (e.g., joints, pacemakers, pumps, and metallic in- 
trauterine devices), contact lenses, and the menstruating or 
pregnant uterus. 

E Treating the immature skeleton is generally not recommended 
and has not been well studied. 
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Low-Power and Pulsed Electromagnetic Field 


Heats by Conversion 

E Nonthermal effects can be obtained and tissue heating 
avoided altogether by using low-power fields delivered in 
either continuous or pulsed modes. 

E Research offers little to support the specificity or certainty of 
benefits. 





THERAPEUTIC COLD 





E The cooling agents are often used for their analgesic, meta- 
bolic, and perfusion-limiting effects. 


E Cooling therapies are restricted to conductive and convective 
means. 


General Indications 
Acute musculoskeletal trauma 
Pain 


| 
| 
E Arthrogenic muscle inhibition 
E Muscle spasm: spasticity 

| 


Reduction of metabolic activity 


General Contraindication and Precautions 


Ischemia 

Insensitivity 

Cold intolerance 

Raynaud phenomenon and disease 


Severe cold pressor responses 


Cold allergy 


Physiology of Cryotherapy 


E Superficial cold produces analgesia (37), reduces meta- 
bolic activity, slows and may block nerve conduction (24), 
decreases muscle tone and spasticity (56—58,67), increases 
gastrointestinal motility (14), reduces conduction velocity, 
inhibits the release of histamine, and slows chemical 
reactions. 

E Relative hyperemia after cold application stimulates tissue 
repair and healing. 

E Ice is the most common cryotherapy agent. 

E Skin temperatures initially fall rapidly following the applica- 
tion of ice and then decrease more slowly toward an equili- 
brium value of 12—13°C. The target temperature reduction is 
10-15°C (64). 

E Recent systematic review showed that ice is most effective 
when applied in repeated applications of 10 minutes, which 
helps sustain lower muscle temperatures without compro- 
mising overlying skin (64). 
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Technique 


E Ice packs and compression wraps are most common. 


E Ice massage is a vigorous approach suitable for limited por- 
tions of the body. A piece of ice is rubbed over the painful 
area for 7-10 minutes. 

Œ Iced whirlpools cool large areas vigorously. 

E Vapocoolant and liquid nitrogen sprays produce large (as 
much as 20°C), rapid drops in skin temperature and are used 
at times to produces superficial analgesia as well as in spray 
and stretch treatments (74,82). 


ŒE Chemical ice packs are also common. 


E A mixture of ice water and alcohol was shown to lower skin 
temperatures significantly more than gels packs or frozen 
peas (51). 

E Postexercise ice water immersion is often used as a 
method of recovery after intense workouts. It is postu- 
lated that ice water immersion will constrict blood vessels, 
flush waste products and lactic acid out of the affected 
tissues, slow tissue metabolism, reduce swelling, and pre- 
vent further tissue damage (60). Results of several studies 
on the efficacy of this method in reducing muscle sore- 
ness or improving performance and recovery are mixed 
(47,60,78,90). 

BH Whole-body cryotherapy (WBC) consists of several-minute 
exposure to very cold air (—110 to —140°C) in special tem- 
perature-controlled cryochambers or cryosaunas. WBC is 
used to relieve pain and inflammatory symptoms primarily 
in Europe and is becoming more popular in the United 
States because of its use in elite athletes. Research is limited; 
however, recent studies have shown that it does not cause 
deleterious effects in athletes (7) and provides short-term 
relief of pain and inflammatory symptoms in rheumatologic 
patients (41,66). 

E Reflex activity and motor function are impaired for up to 
30 minutes after cold application (64). 


Trauma Indications 


E Cooling applied soon after trauma may decrease edema, 
lessen metabolic activity, reduce blood flow, lower compart- 
mental pressures, diminish tissue damage, and accelerate 
healing (11,13,40,42,70,77,80). 

E Rest, ice, compression, and elevation (RICE) are the mainstay 
of treatment. 


E Opinions regarding usefulness of cryotherapy for injuries 
more than 24—48 hours old are divergent. 


E Cryotherapy may hasten return to play after ankle sprains 
(43,45,80). 
Precautions and Contraindications 


E When sensation is compromised, circulation is impaired, or 
tissues are compressed (9). 


E Rare but possible problems include pressor responses aggra- 
vating cardiovascular disease, Raynaud phenomenon, cold 
hypersensitivity, urticaria, and cold allergy/cryoprecipitation. 

E Because reflex activity and motor function are impaired for 
up to 30 minutes after ice application, return to play should 
not be immediate in order to prevent further injury (64). 





ELECTROTHERAPY 





General Indications 


E Today, high-intensity electrical stimulation is used to 
strengthen muscles and to move paralyzed limbs. 

E Less intense stimulation produces analgesia and delivers 
medications percutaneously. 

E Stimulation at still lower intensities has gained FDA approval 
for fracture healing. 


E Soft tissue wounds, osteoporosis, and musculoskeletal pain 
represent additional potentially important, but still investi- 
gational, applications (8,91). 


Specific Applications 


Transcutaneous Electrical Nerve Stimulators 


E It is clear that transcutaneous electrical nerve stimulators 
(TENS) produce localized analgesia, and research suggests 
that stimulation at 110 Hz (as well as H-wave therapy at 2 
and 60 Hz) results in a hypoalgesia that persists for up to 
5 minutes after stimulation is stopped (65). 

E Dorsal horn cell activity is reduced following stimula- 
tion (33). 

E High-frequency, low-intensity TENS (barely or not percep- 
tible, 10-100+ Hz) may work more according to the gate 
theory than higher intensity, low-frequency (1—4 Hz) stimu- 
lation, which may be more dependent on endorphins. 

E Electrodes are usually placed over the painful region, but 
other locations are common. 

E TENS units are expensive (often as much as $800) and an- 
noying to put on. Benefits may appear to wane with time; 
purchase is not warranted unless its improvements persist 
for several months. 

E There are inconsistent outcomes and insufficient data in the 
literature regarding TENS and clinical improvement of low 
back pain (86). 


Indications 


E Pain reduction 


Precautions and Contraindications 
E Skin irritation and contact dermatitis (53). 


Cardiac pacemakers may be relatively resistant to TENS sig- 
nals, but there is at least one report that an intracardiac defi- 
brillator was triggered by a TENS unit (22). 


E The pregnant uterus should not be treated. 
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Functional Electric Stimulation 


Neuromuscular Electrical Stimulation/Muscle Stimulation 


In summary, electrical muscle stimulation is more effec- 
tive in maintaining muscle mass after an injury than it is in 
reversing atrophy once it is established (6). 

Review of the literature shows that use of neuromuscular 
electrical stimulation after anterior cruciate ligament repair 
is associated with increased quadriceps strength compared 
with exercise alone; however, the effect on functional outcome is 
inconsistent (54). This effect was not seen after total knee arthro- 
plasty (69). 


lontophoresis 


Iontophoresis uses electrical fields to force charged or 
polarized substances into tissue (21,39,73). 

Iontophoretic devices consist basically of a direct-current 
(possibly pulsed) power source and two electrodes. A dilute 
solution of the active substance (which must exist in an 
ionized or polar form) is placed under the electrode of the 
same polarity, and the device is turned on. 

Medication is not always required as the electric current 
alone may have therapeutic benefits. 

Iontophoresis with dexamethasone has been shown to be 
effective in the treatment of bicipital tendonitis, epicon- 
dylitis, plantar fasciitis, and tendon sheath inflammation 
(23,35,38,71,81). 

Direct comparison of iontophoresis with oral medication, 
transdermal patches, or alternative physical therapy approaches 
is rare. 

Safety: Allergies to the materials (pads, electrodes, and medi- 
cation) used are always possible, and the passage of electrical 
current into the skin can cause erythema, rashes, and, if the 
current intensity is high, pain (12). 


Interferential and Kilohertz 
Frequency Currents 


Skin impedance falls as frequency increases. As a result, 
stimuli that are painful at the low < 70-Hz frequencies of 
TENS and many muscle simulators are well tolerated at a few 
thousand hertz. 

There are at least two ways to take advantage of this 
fact. One of these arranges two sets of electrodes so 
that two sine waves in the low-kilohertz range differing 
by 20-100 Hz cross. The waves thus interfere with each 
other and produce beneath the skin barrier a difference 
frequency comparable to that of TENS units and muscle 
stimulators. 

Safety: There is no conclusive and consistent evidence that 
EM field exposure causes a significant increase in the risk 
of cancer or neurobehavioral or reproductive dysfunction 
(49,50). 
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COMPLEMENTARY AND 
ALTERNATIVE THERAPIES 





Athletes and the general population are intrigued by the 
potential use of complementary and alternative medicine. 


Low-Intensity Laser Therapy 


Low-power lasers are widely used to treat musculoskeletal 
injuries, speed healing, and lessen pain. 

Lasers have been shown to decrease pain and inflammation 
in tendinopathies and Achilles tendonitis (15,83); however, 
there is no evidence to support use in osteoarthritis (18). 
Unfortunately, demonstration of clinical benefits has been 
difficult, and these devices have yet to gain FDA approval for 
clinical use (10). 


Static Magnetic Fields (Magnetic Devices) 


Magnetic discs, pads, bandages, and blankets are promoted 
in sports, veterinary, and general circulation magazines as a 
cure for a variety of musculoskeletal injuries. 

Various magnetic products have been studied with field 
strengths generally in the 300—3,950 Gs range (4,84). 

Results are generally mixed. In one study, efficacy was 
demonstrated in patients with painful diabetic neuropathy 
(89); another study comparing magnet pad versus control 
groups suffering from fibromyalgia showed statistical signifi- 
cance for pain relief, but no clear functional improvement in 
the magnet user group (4). 

Many animal studies have shown significant cellular physi- 
ologic changes with static magnetic fields, but functional and 
long-term consequences remain unknown. 

Observed physiologic effects have included increased nerve 
excitability (44) and circulatory stimulation (72). 


Acupuncture 


Treatment consists of using acupuncture needles to pierce 
the skin to differing depths at designated acupuncture points 
to bring about pain relief or physiologic change. 

Needles are commonly stimulated by hand, electricity, 
or heat. 

Research is scarce regarding treatment of athletic inju- 
ries; in 1997, the National Institutes of Health sponsored 
a consensus panel that concluded: “promising results have 
emerged, for example, showing efficacy of acupuncture in 
adult postoperative and chemotherapy associated nausea 
and vomiting and in postoperative dental pain. There are 
other situations such as addiction, stroke rehabilitation, 
headache, menstrual cramps, tennis elbow, fibromyalgia, 
myofascial pain, osteoarthritis, low back pain, carpal tun- 
nel syndrome, and asthma, in which acupuncture may be 
useful” (1). 
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Dry needling in elite volleyball players during competition 
provided short-term pain relief and improved function in 
shoulder injuries (75). 

Acupuncture, in combination with traditional Chinese 
medicine including massage and herbs, was effective in reduc- 
ing pain, decreasing edema, and restoring ankle function in 
acute ankle ligamentous sprains in sports (29). 

Studies have shown increased muscle strength and power, 
improved performance, and improved hemodynamic pa- 
rameters in endurance activities after acupuncture. There 
is also associated decrease in acute muscle soreness with 
acupuncture (2). 

Single acupuncture treatment improved isometric quadri- 
ceps strength in recreational athletes (46). 

Male basketball players treated with acupuncture had de- 
creased maximum heart rate, VOomax, and blood lactate 
levels after 30 minutes of exercise compared to controls (63). 
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Core Strengthening 


Joel Press 





OVERVIEW 





E Core rehabilitation allows the multisegmented spinal col- 
umn to maintain its center of gravity through multiple 
ranges of motion, counteracting gravity, and applied forces 
to decrease torsion and shear on the spinal structures (liga- 
ments, disc, nerve). 


E Definition of core 


The core is the lumbopelvic hip complex. 


The core is where the center of gravity is located and 
where all movement begins (6). 

An efficient core allows for maintenance of the normal 
length-tension relationship of functional agonists and 
antagonists, which allows for the maintenance of nor- 
mal force—couple relationships in the lumbopelvic hip 
complex (6). 


BH Why is the core important? 


When a limb is moved, reactive forces are imposed on the 
spine acting in parallel and opposing those forces pro- 
ducing the movement (3). 

The spine is particularly prone to the effect of these reactive 
forces due to its multisegmental nature and the requirement 
for muscle contractions to provide stability of the spine (22). 
Without muscular support and contraction, buckling of the 
spine occurs with compressive forces of as little as 2 kg (19). 


Significant microtrauma of the lumbar spine will occur 
with rotation of as little as 2 degrees (12). 

The musculature of the spine has been shown repeatedly 
to be most important in maintaining spinal stability dur- 
ing movements (10,25). 

Function of core muscles: oppose the movements of 
limbs, hold spine together, and decrease lumbar shearing. 


Muscle dysfunction in low back pain is a problem with 
motor control in the deep muscles related to segmental 
joint stabilization (23). 

Back pain can occur as a consequence of deficits in control 
of the spinal segment when abnormally large segmental 
motions cause abnormal deformation of ligaments and 
pain-sensitive structures (22). 


4 Loss of joint stiffness 





4 Increase in mobility and abnormal spinal motion 








“1 Changes in the ratios of segmental rotations and 
translations 





WHAT ARE CORE MUSCLES? ANATOMY/ 
BIOMECHANICS OF THE “CORE” 


Local paravertebral-multifidi 


Stabilizing role: Protecting articular structures, discs, and 
ligaments from excessive bending, strains, and injury. 


Multisegmental column is unstable and will buckle under 
compression at individual joints unless locally stabilized. 
Short muscles provide local support for longer muscles to 
work (2). 

Neutral zone control 


1 The neutral zone is a region of intervertebral motion 
around the neutral posture where little resistance is of- 
fered by the passive spinal column (bones and ligaments). 


‘1 Sensitive region for stabilization of joints (22) 





1 Multifidi contribute to control of the neutral zone 
(21,26,27) and contribute more than two-thirds of 
stiffness increase at L4Q—L5 (27). 


E Polysegmental: Erector spinae 


Important for posture: Contract intermittently during 
the swaying movements that take place from an upright 
position. 

Contraction of the erector spinae extends the trunk, a 
movement controlled largely by opposing activity of the 
rectus abdominis. 


In slow trunk flexion movements, the erector spinae low- 
ers the trunk into flexion (eccentrically contract) against 
the action of gravity during slow movements (20). 

Role: Balance external loads and minimize forces on the 
spine (2). 

Only a very small increase in activation of the multifidi and 
abdominal muscles is required to stiffen the spinal segments 
— 5% maximal voluntary contraction (MVC) for activities 
of daily living and 10% MVC for rigorous activity (5). 


Endurance of muscles to maintain spinal stability during 
prolonged activities, not absolute strength, is most im- 
portant (18). 
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E Abdominals: transversus abdominis (TrA), internal and ex- 
ternal obliques, and rectus abdominis 
E Contraction of abdominals (especially TrA), pelvic 
floor, and diaphragm correlates closely with increased 
abdominal pressure in a variety of postural tasks 
(7,15,16). 


E TrA: Critical in stabilization of lumbar spine (7). 





Figure 70.1: Plank core-strengthening exercise. 
E Contracting TrA increases intra-abdominal pressure and 


tensions the thoracolumbar fascia. 





E Helps create rigid cylinder, enhancing stiffness of lumbar 


spine (18). HOW DO WE STRENGTHEN CORE 
MUSCLES? 


E Rectus abdominis and oblique abdominals are acti- 
vated in direction-specific patterns with respect to limb 


movements, thus providing postural support before limb m Balance: Control center of gravity (COG) as it moves 





movements (1,16). through various planes of motion and then shift the COG 
E Contraction increasing intra-abdominal pressure occurs through various planes. 
before initiation of large segment movement of the upper E Goals of core-strengthening exercise: 
limbs (9,15,16). E Improve multifidus activity and endurance 
E Quadratus lumborum E Restore the control of deep abdominal muscles 
E Fibers cross-link the vertebrae. E Restore coordination and position sense 
E From transverse process to rib cage to iliac crests, can E Restore mobility, especially in rotational and lateral flex- 
buttress shearing of spine in all planes ion directions 
E Active during flexion, extension, and lateral bending — E Restore normal gluteal muscle activity and lumbopelvic 
not just a frontal plane muscle rhythm 
E Diaphragm E Train motor and postural control and balance 
E To minimize the displacement of the abdominal con- = Make exercises functional 


tents within the abdomen and pelvis, it is necessary to 
elevate the intra-abdominal pressure by simultaneously 


contracting the diaphragm, the pelvic floor, and the ab- PRACTICAL APPLICATIONS OF CORE 
dominal muscles (5,8). STRENGTHENING 


E Diaphragm increases intra-abdominal pressure and seg- 
mental unloading of the spine, and thus increases trunk E Turn on the light. 











stability. E Abdominal bracing: Tightening the abdominal muscles 
E Pelvic floor isometrically like you are going to be punched in the 
E Coactivation of the TrA, abdominals, multifidi, and pel- stomach. 
vic floor muscles contributes to spine stability (24). E May require cueing and instruction. 
E Lower extremity muscles — gluteus maximus, hamstrings Q Need core stability for global mobility. 
E Hip and pelvic muscles: base of support for lumbar spine Q Abdominal bracing is more effective and puts less stress 
and upper limbs on the spine than hollowing (which is sucking in the 


E Thoracolamibar tasea abdominal muscles and then holding them tight) (13). 


Q Covers the deep muscles of the back and trunk (includ- 
ing multifidi) 

Q Connects the lower limbs to the upper via the latis- 
simus dorsi 


1 Internal obliques, TrA, latissimus dorsi, gluteus maximus 





0 Enhances stiffness of the lumbar spine 


E Multifidi blend with superior medial aspect of gluteus 
maximus. 





E Multifidi attach to sacrotuberous ligaments and are me- 
chanically linked to gluteus maximus. Figure 70.2: Side plank core-strengthening exercise. 


E Reeducation of stabilization muscles — pelvic clocks. 
4 Learn how to turn on pelvic and hip muscles. 
E Get the engines going. 
E Abdominal bracing in supine > prone, side lying > 
quadruped 
E Progress to kneeling > sitting > standing 
™ Three basic core exercises that put the least load on the 
spine: plank (Fig. 70.1), side plank (Fig. 70.2), and “bird 
dog” (Fig. 70.3) (17) 
E Make it functional and fun to do. 
E Start in pain-free ranges 
E Progress to multiple planes of motions 
Frontal plane core 
4 Sagittal plane core 





1 Transverse plane core 

E Dynamic challenges — easy to hard 
E Include balance/proprioception 

E Need to make it subconscious 





IS THERE EVIDENCE FOR CORE 
STABILIZATION EXERCISES AS 
TREATMENT FOR LOW BACK PAIN? 





E No effect: No difference compared to other exercise treat- 
ments or manual therapy for randomized patients with 
chronic low back pain (4,11). 


CHAPTER 70 Core Strengthening 495 


Figure 70.3: “Bird dog” core-strengthening 
exercise. 


E Positive effect: Prediction rules indicate that patients most 
likely to benefit are those in specific subgroups with negative 
straight leg raise, positive prone instability test, aberrant mo- 
tion, lumbar hypermobility, or low fear of avoidance (14). 


E Conclusion: If patients are first subgrouped into those respond- 
ing to specific maneuvers, there is a greater chance of predict- 
ing benefit from core exercises. Core exercises for everyone with 
nonspecific back pain may not provide any better results than 
other nonspecific exercises as part of an activating program. 





REFERENCES 





1. Aruin AS, Latash ML. Directional specificity of postural muscles in a 
feed-forward postural reaction during fast voluntary arm movements. 
Exp Brain Res. 19953103(2):323-32. 

2. Bergmark A. Stability of the lumbar spine. A study in mechanical engi- 
neering. Acta Orthop Scand Suppl. 1989;230:1-54. 

3. Bouisset S, Zattara M. Biomechanical study of the programming and 
anticipatory postural adjustments associated with voluntary move- 
ment. J Biomech. 1987;20(8):735—42. 

4. Cairns MC, Foster NE, Wright C. Randomized controlled trial of spe- 
cific spinal stabilization exercises and conventional physiotherapy for 
recurrent low back pain. Spine (Phila Pa 1976). 2006;31(19):E670-81. 

5. Cholewicki J, Juluru K, McGill SM. Intra-abdominal pressure for stabi- 
lizing the lumbar spine. J Biomech. 1999;32(1):13-7. 

6. Clark MA, Fater D, Reuteman P. Core (trunk) stabilization and its 
importance for closed kinetic chain rehabilitation. Orthop Phys Ther 
Clin North Am. 2000;9(2):119-32. 

7. Cresswell AG, Oddsson L, Thorstensson A. The influence of sudden 
perturbations on trunk muscle activity and intraabdominal pressure 
while standing. Exp Brain Res. 1994;98(2):336-41. 


496 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


SECTION V Principles of Rehabilitation 


. Daggfeldt K, Thorstensson A. The role of intra-abdominal pressure in 


spinal unloading. J Biomech. 1997;30(11—12):1149-55. 


. Ferreira ML, Ferreira PH, Hodges PW. Changes in postural activity of 


the trunk muscles following spinal manipulative therapy. Man Ther. 
2007312(3):240-8. 

Gardner-Morse M, Stokes IA, Laible JP. Role of the muscles in lumbar spine 
stability in maximum extension efforts. J Orthop Res. 1995;13(5):802-8. 
Goldby LJ, Moore AP, Doust J, Trew ME. A randomized controlled trial 
investigating the efficiency of musculoskeletal physiotherapy on chronic 
low back disorder. Spine (Phila Pa 1976). 2006;31(10):1083—93. 
Gracovetsky S, Farfan H, Helleur C. The abdominal mechanism. Spine 
(Phila Pa 1976). 1985;10(4):317—24. 

Grenier SG, McGill SM. Quantification of lumbar stability by using 2 
different abdominal activation strategies. Arch Phys Med Rehabil. 2007; 
88(1):54-62. 

Hicks GE, Fritz JM, Delitto A, McGill SM. Preliminary development of 
a clinical prediction rule for determining which patients with low back 
pain will respond to a stabilization exercise program. Arch Phys Med 
Rehabil. 2005;86(9):1753-62. 

Hodges PW, Butler JE, McKenzie DK, Gandevia SC. Contraction of 
the human diaphragm during rapid postural adjustments. J Physiol. 
1997;505(Pt 2):539—-48. 

Hodges PW, Richardson CA. Feedforward contraction of transverses 
abdominis is not influenced by the direction of the arm movement. Exp 
Brain Res. 1997;114(2):362-70. 

McGill SM. Corrective and Therapeutic Exercise for the Painful Lum- 
bar Spine: Technique Matters. Rochester (MN): American Academy of 
Neuromuscular and Electrodiagnostic Medicine; 2009. 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


McGill SM, Norman RW. Reassessment of the role of intra- 
abdominal pressure in spinal compression. Ergonomics. 19873;30(11): 
1565-88. 

Morris JM, Lucas DM, Bresler B. Role of the trunk in the stability of the 
spine. J Bone Joint Surg Am. 1961;43:327-51. 

Oddsson LI. Control of voluntary trunk movements in man: mecha- 
nisms for postural equilibrium in standing. Acta Physiol Scan Suppl. 
1990;595:1-60. 

Panjabi MM. The stabilizing system of the spine. Part 1. Function, dys- 
function, adaptation, and enhancement. J Spinal Disord. 1991;5(4): 
383-9. 

Panjabi MM. The stabilizing system of the spine. Part II. Neutral zone 
and stability hypothesis. J Spinal Disord. 1992;5(4):390-6. 

Richardson C, Jull G, Hodges PW, Hides JA. Therapeutic Exercise for 
Spinal Segmental Stabilization in Low Back Pain: Scientific Basis and 
Clinical Approach. Edinburgh (UK): Churchill Livingstone; 1999. 192 p. 
Sapsford RR, Hodges PW, Richardson CA, Cooper DH, Makwell SJ, Jull 
GA. Co-activation of the abdominal and pelvic floor muscles during 
voluntary exercise. Neurourol Urodyn. 2001;20(1):31—42. 

Solomonow M, Zhou BH, Harris M, Lu Y, Baratta RV. The ligamento- 
muscular stabilizing system of the spine. Spine (Phila Pa 1976). 1998; 
23(23):2552-62. 

Steffen R, Nolte LP, Pingel TH. Importance of back muscles in reha- 
bilitation of postoperative lumber instability; a biomechanical analysis. 
Rehabilitation (Stuttg). 1994;33(3):164—70. 

Wilke HJ, Wolf S, Claes LE, Arand M, Wiesend A. Stability increase of 
the lumbar spine with different muscle groups. A biomechanical in 
vitro study. Spine (Phila Pa 1976). 1995;20(2):192-8. 
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OVERVIEW 





EVALUATING ERGOGENIC AIDS 





ŒE Many athletes self-medicate using various pharmacologic or 
nutritional substances in an effort to improve performance 
and speed recovery from injury. For example, over-the- 
counter anti-inflammatory medications are often used to 
limit pain and inflammation in an effort to reduce swelling, 
limit inflammation, and presumably speed healing from 
injury. 

E Other substances, some of which may be illegal, are used spe- 
cifically in an effort to improve workload and performance. 





DEFINITION 





E Ergogenic aids are defined as items designed to increase 
work or improve performance above that of regular train- 
ing and diet. 

E Ergogenic aids are usually classified into five groups: mechani- 
cal aids such as running shoes, psychological aids, physiologic 
aids such as fluids and blood, pharmacologic aids that gener- 
ally are thought of as requiring a prescription, and nutritional 
aids. 





HISTORY 





E In 1994, Congress passed the Dietary Supplement Health 
and Education Act (DSHEA), which substantially changed 
the regulation and marketing of dietary supplements (23). 
Essentially, substances can be sold without U.S. Food and 
Drug Administration (FDA) approval as long as the prod- 
ucts are labeled and sold as dietary supplements and the label 
makes no claim as a drug. 

E These supplements are not held to the same quality control 
standards as FDA-approved drugs; the content and purity of 
these products are not regulated, and they may contain too 
much of the product to none at all (13). Furthermore, these 
substances do not require evaluation for safety or efficacy. 

E Despite all this, ergogenic aids are commonly used, some- 
times with cataclysmic consequences, often with no effect, 
and occasionally with good effect. 





Objective evaluations of ergogenic aids are often difficult to 
perform. Additionally, the scientific literature usually differs 
significantly from the advertising on many products (13). 
There is no burden of proof on the manufacturer to prove 
efficacy or product content like there is for drugs (23). 
Products may contain lower amounts of the product than 
those listed on the label, with some products having zero 
amount of the supposedly ergogenic substance, whereas 
others may be contaminated by the previous drug manu- 
factured in the equipment (55). 

Furthermore, the placebo effect can have a huge impact on 
the perceived benefits derived by the user. 





EFFICACY OF ERGOGENIC AIDS 





E Ergogenic aids can affect various aspects of physical fitness to 


improve performance. Six components of fitness that may be 
affected include aerobic fitness, anaerobic fitness, strength, body 
composition, psychological factors, and healing of injuries. 
Aerobic metabolism uses oxygen, whereas anaerobic metab- 
olism does not. 

Aerobic fitness is the ability to produce work using aerobic 
metabolism, generally lasting longer than 1 minute and often 
lasting for hours, and is important especially in endurance 
events. It comprises two parts: maximal aerobic power and 
aerobic capacity. 

Anaerobic fitness is important in activities generally lasting 
less than 1 minute and is fueled primarily through anaerobic 
metabolism. 

Maximum strength, usually measured by the one-repetition 
maximum, refers to the amount of power that can be gener- 
ated in a brief burst and is fueled by anaerobic metabolism. 
Body composition can affect performance by increasing lean 
muscle mass. More muscle can perform more work, whereas 
decreasing body fat decreases the inert weight that has to be 
carried through space to the finish line. 


Psychological factors may affect performance through vari- 
ous mind-body mechanisms including decreased percep- 
tions of fatigue and pain. 
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E Enhancing the healing of injuries and soreness promotes a 
more rapid return to training and maintenance of fitness. 





SAFETY CONSIDERATIONS 





E Ergogenic aids can have side effects like any other substance. 
E Heart attacks, seizures, strokes, coma, and death have been 
attributed to the use of ergogenic products (13). 

E Injectable products carry the risk of disease transmission if 
needles are shared. 





ETHICAL AND LEGAL CONSIDERATIONS 





E The athletic ideal is winning through natural training, which 
maximizes native ability and performance. However, this is 
often not the reality. Athletes are constantly caught in the 
dilemma of trying to keep up with what their competitors 
may be trying to do. Many athletes will try ergogenic aids 
even though the product has not been shown to work, has 
serious side effects, or is banned by the sport’s governing 
body ruling over the sport in which the athlete is competing. 
E Inan attempt to keep the playing field level, various amateur 
and professional organizations have instituted drug policies. 
These policies are targeted toward substances that may be 
dangerous, illegal, and/or give an unfair competitive advan- 
tage. For example, the use of anabolic steroids had become so 
widespread by the 1964 Olympics that drug testing began at 
the 1968 Olympic Games in Mexico City, with the National 
Collegiate Athletic Association (NCAA) following in 1986. 
E The American College of Sports Medicine” (ACSM) and other 
organizations have taken a position on anabolic steroids stating 
that they are unethical, they have dangerous side effects, and 
their use should be deplored (2). 


Table 71.1 | Ergogenic Aids, Their Effect on Fitness Components, and Dangerous Side Effects 


Product Aerobic Anaerobic Strength 


Anabolic steroids = aE, d 





Androstenedione/DHEA — — dz 
B2-agonist (clenbuterol) ? — — 


Blood doping + — — 





Caffeine af + — 


Corticosteroids = = = 





Creatine = at 2 
Ephedrine/amphetamines + + + 
Gene therapy 2 2 2 

Growth hormone = — — 


NSAIDs — — — 


E The Anabolic Steroids Control Act of 1991 made anabolic 
steroids a Schedule HI controlled substance. 

Œ Anabolic steroids are not the only substances banned by 
sports governing bodies such as the International Olympic 
Committee (IOC), the World Anti-Doping Agency (WADA), 
and the NCAA. The IOC developed their list in 1967. 

E Because of many doping scandals, the U.S. Anti-Doping 
Agency (USADA) was formed in 2000 as an independent 
antidoping organization for Olympic sports in the United 
States. The list of substances banned by the IOC can be viewed 
on the WADA Web site at http://www.wada-ama.org/en/ 
World-Anti-Doping-Program/ (72). 

E The NCAA has their list at http://www.ncaa.org/wps/wcem/ 
connect/public/NCAA/Student-Athlete+Experience/ 
NCAA+banned+drugstlist (48). 

E Because the lists are continually changing, physicians caring 
for athletes in these or other organizations should always 
consult them prior to writing a prescription or suggesting 
over-the-counter remedies. 

E ‘Testing is usually done by analyzing urine samples through a 
number of methods, with most confirmatory tests done using 
gas chromatography/mass spectrometry. In the future, blood 
or hair samples may be used to detect banned substances. See 
Chapter 25, Drug Testing. 

E Further discussion of ethical considerations related to sup- 
plements, medications, and ergogenic aids can be found in 
Chapter 2, Ethical Considerations in Sports Medicine. 





SPECIFIC ERGOGENIC AIDS 





E Specific ergogenic aids will be reviewed here regarding their 
efficacy, safety, and use in Olympic and NCAA competition. 
Table 71.1 gives an overview of many ergogenic aids, their 
effects on the six fitness components, and their safety. 













Body Composition Psychological Healing Danger 
T ar 2 i 
+ + ? + 
? ? = ? 

— — — ++ 
= ? = = 
— — ? ? 
ae = 2 = 
+ + ++ 
2 2 2 2 
d = — ? 
= = 2 A 





DHEA, dehydroepiandrosterone; NSAIDs, nonsteroidal anti-inflammatory drugs. 


Anabolic-Androgenic Steroids and Selective 
Androgen Receptor Modulators 


Efficacy 


Œ Anabolic steroids have both anabolic (tissue-building) 
and androgenic side effects. Anabolic steroids have been 
shown to increase lean muscle mass and strength when 
used with an adequate diet and with progressive weight 
training. Supraphysiologic doses seem to increase these 
effects (2,7). 

E There does not appear to be a direct effect on aerobic power 
or capacity, although decreased healing time may allow for 
increased training volume. 

E Surveys of anabolic steroid users show increases in the inci- 
dence of mood disorders and in aggression. 


E Researchers are developing selective androgen receptor 
modulators in attempts to achieve anabolic effects in specific 
tissues without the systemic side effects of older androgenic 
agents (16). 

E The concordant use of human chorionic gonadotropin along 
with estrogen blockers may increase athletes’ testosterone 
levels, maintain normal (3:1) testosterone-to-epitestosterone 
levels, and minimize androgenic side effects (29). 


Safety 
© Anabolic steroids are Schedule III drugs. Legal indications 


to prescribe and common contraindications to steroids are 
listed in Table 71.2. 


Œ Anabolic steroids have a long list of reported side effects, 
some of which may have been exaggerated in the medical 
literature. 


E A concerning increase in low-density lipoprotein and decrease 
in high-density lipoprotein (HDL) by an average of 50% in 
both male and female users, combined with hypertension, 
have been shown with no direct link yet to increased cardio- 
vascular mortality (2). 

E Adverse effects have been noted in the liver including jaun- 
dice, benign tumors, and, rarely, peliosis hepatis (blood-filled 


Indications and Contraindications for 


Anabolic Steroids 








Indications Contraindications 
Primary hypogonadism Known or suspected prostate 
cancer 
Hypogonadotropic Breast cancer in females with 
hypogonadism high Ca?* 


Hereditary angioedema Breast cancer in males 


Antithrombin III deficiency Nephritis 
Anemia from renal disease Pregnancy or nursing 
Catabolic disease such as AIDS 


Delayed-onset puberty 





AIDS, acquired immunodeficiency syndrome. 
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cysts in the liver), which has caused a few fatalities when the 
cysts ruptured. Causation of malignant liver tumors has not 
been proven (10). 


Other side effects include acne, female masculinization 
(alopecia, hirsutism, clitoromegaly, deepening of the voice) 
and enhancement of aggression. 


Physiologic doses of testosterone hasten closure of epiphyses 
(growth plates). Surveys suggest that 6% of high school foot- 
ball players (and 4% of all high school students) have taken 
anabolic steroids and that half of them started taking them 
before age 14 (19). 


Long-term side effects have been harder to establish a causal 
relationship. 


Legality 


Steroids are Schedule III controlled substances. 


Banned by IOC and NCAA (WADA 2011, NCAA 2011), 
although athletes having certain medical conditions (i.e., 
bilateral orchiectomy for testicular cancer treatment) may 
apply for a therapeutic use exemption (TUE). 


Users attempt to avoid detection by tapering in advance 
of announced tests, staying within the WADA cutoff of 
4:1 urinary testosterone-to-epitestosterone ratio, or us- 
ing masking agents such as diuretics. Recent development 
of a hair test may change the way testing is done in the 
future. 


Androstenedione and 
Dehydroepiandrosterone 


Efficacy 


Androstenedione, a testosterone precursor, is one of the 
few oral “supplements” that is converted into testosterone 
when ingested. Despite a serum increase in testosterone and 
estradiol after high doses of androstenedione, double-blinded 
studies have failed to demonstrate any significant change in 
lean body mass or strength (68). 


Dehydroepiandrosterone (DHEA) is a hormone secreted by 
the adrenal gland that is a precursor to both androgens and 
estrogens. DHEA levels peak at puberty and young adulthood 
and gradually fade as aging progresses. Although the FDA 
banned the manufacture of DHEA as a drug due to insuf- 
ficient evidence of efficacy and safety, it continues to be avail- 
able as a nutritional supplement. 


Studies showed that physiologic doses (50 mg d™') and 
supraphysiologic doses (1,600 mg d~') of DHEA increased 
circulating androgen levels in older women but not in 
older men. DHEA increased androstenedione levels but not 
testosterone levels and had a small, not statistically significant 
increase in lean body mass when given at supraphysiologic 
doses to five young males (61). 


DHEA did not appear to affect energy or protein metabolism 
in young males (70). In summary, DHEA does not appear to 
increase testosterone in young healthy males, and it does not 
appear to have an ergogenic effect. 
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Safety 


Side effects of androstenedione are likely to be similar to 
anabolic steroids. 

Short-term use of DHEA has been associated with few side 
effects, but risks of long-term use are unknown. There is a 
theoretical risk of prostate and endometrial cancer as well as 
gynecomastia. DHEA effects on lipids are unknown. 


Legality 


Androstenedione, although banned, currently is not frequently 
specifically tested (10). 

DHEA is currently banned by both the NCAA and IOC and 
is available only as a nutritional supplement in the United 
States (48,72). 


(2-Adrenergic Receptor Agonists 


Efficacy 


Bo-adrenergic agonists, such as albuterol and salmeterol, 
are sympathomimetics and are used widely as bronchodila- 
tors for the treatment of many types of asthma, including 
exercise-induced asthma. Clenbuterol, available by prescrip- 
tion in some countries, is a longer acting B-agonist that may 
increase aerobic capacity and decrease body fat. 

There are no human studies to support athletes’ use of 
clenbuterol for their potential anabolic effects, either as an 
anabolic steroid substitute or to prevent some of the muscle 
loss after cessation of anabolic steroids. Animal studies have 
shown that clenbuterol in high doses increases lean body 
mass and decreases adipose tissue (50). 

However, a study on a relative drug, salbutamol, showed 
increased quadriceps and hamstring strength, while another 
showed that 6 weeks of oral albuterol may augment strength 
gains in isokinetic strength training of the knee (14,42). 
Taken together, these studies imply that there may be an 
ergogenic effect of prolonged oral B-agonists on strength, 
but no ergogenic effect of short-term administration of 
inhaled medicines. Confirmatory studies on humans remain 
to be done regarding their potential anabolic effects. 


Safety 


Side effects of B.-agonists are common and similar to 
other sympathomimetics and include tachycardia, tremor, 
palpitations, anxiety, headache, anorexia, and insomnia. 
Serious side effects include dysrhythmias, cardiac muscle 
hypertrophy, myocardial infarction, or stroke (11,50). 


Legality 


Because of its potential ergogenic effect, clenbuterol in all 
its forms and all oral B,-agonists are banned by the IOC 
and NCAA. Inhaled salbutamol and salmeterol are allowed 
when used in accordance with manufacturer’s recommenda- 
tions. Salbutamol may not exceed a urinary concentration of 
1,000 ng - mL !, which would correlate to over 1,600 pg in 
24 hours (48,72). 


Advances in testing may eventually enable detection of these 
drugs through hair analysis. 

Clenbuterol is not FDA approved. 

It is interesting to note there was an increase in the percentage 
of U.S. Olympic athletes with exercise-induced asthma from 
10% in the 1984 Summer Olympics to over 20% in the 1996 
Summer Olympics, thus greatly increasing the number of 
athletes who can “legally” use these products (69). 


Blood Doping, Recombinant Erythropoietin, 
and Continuous Erythropoietin Receptor 
Activators 


Efficacy 


Blood doping refers to the process of artificially increasing 
red blood cell (RBC) mass to improve exercise performance. 
Increasing RBC mass can be accomplished through infusion 
of RBCs or through the use of the recombinant erythro- 
poietin (rEPO) to stimulate RBC production (54). 

By increasing the RBC mass, oxygen-carrying capacity is 
increased with resultant increase in both maximal aerobic 
power and aerobic capacity. The increased VOomax and time 
to exhaustion enable improvements in race performance, 
especially in distance runners and cyclists (21,54). 

Blood doping also seems to help performance in the heat, 
especially in acclimatized individuals (54). 

Effects of synthetic erythropoietin last up to six times longer 
than human erythropoietin, whereas the newer continuous 
erythropoietin receptor activators (CERAs) last up to 
20 times longer, allowing for monthly dosing. 


Safety 


Although rare, the major risk from blood transfusions is 
transfusion reactions. Other complications include infection 
from the blood or procedure. 

Hyperviscosity can occur with hemoglobin levels over 55%, 
which may increase the risk of thrombosis causing strokes or 
myocardial infarction in athletes using rEPO or blood trans- 
fusions. It has been postulated that numerous deaths among 
cyclists have been caused by rEPO-induced hyperviscosity, caus- 
ing vascular sludging and myocardial artery occlusion (20,54). 
Blood pressure may also be increased by rEPO and is contra- 
indicated in uncontrolled hypertension (21). 


Legality 


Banned by the IOC and NCAA (48,72). 


Blood transfusions can be detected if homologous blood 
is used, but autologous blood is harder to detect (54). 
Erythropoietin isoforms can be measured directly from 
blood testing and in the urine, but because rEPO currently 
can only be detected for a few days after administration but 
has effects that last for weeks, reliable testing is difficult. 
At this time, it is unclear for how long the newer, longer 
acting CERAs can be detected in the blood, and there is no 
current urine test available (36). 


Caffeine 


Efficacy 


E Caffeine enhances performance during both prolonged 
activity and shorter intense activity lasting from 1—60 minutes 
(e.g., rowing, swimming, middle distance races) and during 
stop-and-go sports such as team and racquet sports (12). 


E In events involving strength and power, such as lifts, throws, 
and sprints, caffeine’s effects are unclear. 


E Caffeine has been hypothesized to work for runners by 
increasing free fatty acid production (which would spare mus- 
cle glycogen), elevating cyclic adenosine 3’,5'’-monophosphate 
(cAMP) levels in cells, altering the movement of calcium by the 
sarcoplasmic reticulum, increasing levels of catecholamines, 
increasing neuromuscular transmissions, and decreasing per- 
ceived effort and fatigue (3). 


E The effectiveness of caffeine may not be as great in habitual 
users or in hot humid environments. 


Safety 

E In normal doses (3-8 mg - kg_') caffeine appears safe and 
produces a few side effects such as diarrhea, insomnia, 
restlessness, and anxiety. 


E Caffeine does not appear to increase risk for heatstroke or com- 
promise cardiovascular activity in endurance performance (49). 

E Very high doses, over 10 mg - kg™', may cause seizures, and 
overdosing may lead to death. 


Legality 

E Caffeine, although ergogenic at 5-10 mg - kg ', is not com- 
pletely banned by the IOC and NCAA. Habitual users may 
consume their usual caffeine in small amounts. Ingestion of 
around 7 mg - kg _', roughly two cups of coffee, produces uri- 
nary levels close to the limit of 12 ug - mL! for the IOC. The 
NCAA levels are slightly more liberal at 15 pg © mL! (48,72). 


Corticosteroids 


Efficacy 


E Corticosteroids are a class of medications acting on a number 
of body systems, including inflammation. Glucocorticoids 
downregulate the expression of inflammatory genes in cells, 
thus decreasing inflammatory cytokines, enzymes, and 
adhesion molecules, while upregulating the production of 
anti-inflammatory proteins such as interleukin-1 receptor 
antagonist and interleukin-10. 


E Although commonly used for a variety of acute and chronic 
injuries, most of the literature evaluating steroids for treating 
sports medicine injuries is retrospective in nature, involves 
case series, or is anecdotal. 

E Steroids may be given by numerous routes, but when used to 
treat musculoskeletal injuries, they are usually given orally, as 
a topical agent, or via injection. 

E There are no prospective studies that evaluate the effective- 
ness of steroids in treating acute injuries. Anecdotally, some 
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clinicians use short courses of oral steroids for 3 to 5 days on 
acute injuries including radicular back pain, but this has not 
been evaluated prospectively. Because of the potential side 
effects from steroid use, treatment with corticosteroids for 
acute injuries in the sports setting should be of short duration 
and left up to the individual clinician to develop any treat- 
ment protocol until better information becomes available. 

E For overuse injuries, many chronic tendon injuries seem to 
be a tendinosis of a degenerative nature and do not involve 
classic chronic inflammatory cells. However, clinicians fre- 
quently use corticosteroids for these conditions, which often 
provide the patient with temporary pain control (1). 

E In patients with lateral epicondylitis (tennis elbow), a review 
of randomized controlled trials showed that pain improved 
faster in patients with new-onset epicondylitis with steroid 
injection as compared to nonsteroidal anti-inflammatory 
drugs (NSAIDs) and simple analgesics, but pain relief was 
similar at 1 year (30). Another review showed better short- 
term relief with corticosteroid injection (4). 


E Trigger finger has been shown to be well treated in two small 
double-blind, randomized, placebo-controlled trials (34,47). 

E Subacromial injections for rotator cuff tendinopathy have 
been shown to improve range of motion in two randomized 
placebo-controlled trials but were no better than lidocaine 
injection alone in another (25,67). 

E There is no evidenced-based guideline or consensus on the 
number, interval, type, or dose of steroid that should be used 
at a particular site. Suggestions include mixing anesthetic 
with the corticosteroid to provide some immediate pain 
relief, not injecting tendons, using extra caution when 
performing peritendinous injections or injecting structures 
that communicate with a joint, resting the injected area for 
2-6 weeks, and limiting injections to no closer than 6 weeks 
apart and no more than three injections in one site (39). 


Safety 
E Steroid injection has a complication rate of 1%—5.8% (60). 


E Infection, hypopigmentation, postinjection flare, and fat pad 
atrophy are the most common adverse effects. 


E Steroid injection directly into a tendon weakens it and may 
cause tendon rupture (24). 


E Long-term therapy or extremely high dosages of steroids 
may cause avascular necrosis, adrenal suppression, gastro- 
intestinal ulcer, diabetes, cataracts, and hypertension. 


Legality 
B WADA prohibits all glucocorticosteroids when administered 


by oral, intravenous, intramuscular, or rectal routes, but they 
are not banned by the NCAA (48,72). 


Creatine 


Efficacy 


E Creatine is a naturally occurring organic acid made by the 
kidneys, liver, and pancreas and is stored in skeletal muscle. 
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Studies have shown an increase in available intracellular 
adenosine triphosphate with supplementation of creatine 
monohydrate (26). 

Numerous studies have shown that supplementation may 
improve maximal weight lifted and performance in very 
short-cycling sprints (< 10 seconds) as well as increase fat- 
free body mass by 1-7 kg (18,66). 

Studies that have used double-blinded protocols have not 
been able to demonstrate performance improvement in en- 
durance efforts or sprints at the end of endurance efforts (31). 


Enhancement of performance is most likely in sports or 
positions where increased mass (i.e. American football 
linemen or Sumo wrestlers) or a single pushing, lifting, or 
striking effort is required (i.e., baseball or softball hitter, 
non—weight-class powerlifting). 

To transfer these research data to creatine’s usefulness within 
individual sports, the potential enhancement from a very 
short-lived power increase needs to be balanced with the 
increased body mass for the entire activity. 


Safety 


Concerns that increased uptake of water by muscle may hin- 
der heat tolerance and hydration status or that metabolism 
of creatine by the kidneys may result in kidney damage have 
not been supported by controlled trials (38). Long-term 
studies of the safety of this supplement are ongoing. 


Legality 


Use of creatine by athletes is allowed by the IOC and the 
NCAA. The latter organization did ban the purchase and 
dispersal of this supplement to athletes by its affiliated uni- 
versities and university employees (i.e., coaches and athletic 
trainers) (48,72). 


Ephedra, Pseudoephedrine, 
and Amphetamines 


Efficacy 


Ephedra and its derivatives pseudoephedrine and amphet- 
amine, and other related compounds, are sympathomimetic 
amines and are used as stimulants, appetite suppressants, 
and decongestants. Some derivatives are used to treat obesity 
and attention-deficit hyperactivity disorder. 

Ephedrine is a sympathomimetic drug that is the active 
ingredient in the Chinese herbal medicine ma huang. 
Ephedrine acts physiologically to increase heart rate and 
blood pressure. When used with caffeine, ephedrine has 
been shown to improve time to exhaustion during exercise 
tests. When used with caffeine, it also seems to be effective in 
producing weight loss. Low-dose (24 mg) ephedrine did not 
show an improvement in performance (57). 
Pseudoephedrine has not been shown to improve aerobic 
performance in controlled trials (63). 


Acutely, this class probably improves strength, muscular 
power (endurance), and time to exhaustion, possibly due 


to the masking of fatigue (59). Studies have not shown 
improvement in aerobic power (VOsimax) OF running speed. 


Ephedrine has been shown to maintain vigilance, reaction 
time, and cognitive function during sleep deprivation (15). 


Amphetamines also act as appetite suppressants. 


Safety 


The side effects often depend on dose. Deaths have been 
associated with use of these drugs due to myocardial in- 
farctions, arrhythmias, cerebrovascular accidents, and heat 
stroke (15,28,59). 

Other problems include hypertension, restlessness, vomiting, 
arrhythmias, and seizures. 

Side effects are potentiated when used with certain antide- 
pressants including selective serotonin reuptake inhibitors, 
bupropion, and monoamine oxidase inhibitors. 
Amphetamine and its derivatives are Schedule II drugs 
and are considered potentially addicting, with particular 
dependency risk with chronic use. 


Legality 


Amphetamines are banned by both the IOC and NCAA 
(48,72). 

Ephedrine is illegal as a food supplement in the United States 
(65). It is banned by the NCAA and WADA. 


Pseudoephedrine is allowed in Olympic competition when 
the urine concentration is less than 150 pg - mL7'. It is not 
banned by the NCAA. Because of their potential to be used 
in the manufacture of methamphetamine, the drugs were 
regulated in the United States by the Combat Methamphet- 
amine Epidemic Act of 2005 (CMEA) and have limits on 
daily sales, 30-day purchases, and other restrictions regard- 
ing their sale (17). 


Gene Therapy 


Efficacy 


The newest modalities for increasing muscle size and 
strength are currently undergoing in vivo studies in animals 
and are primarily designed to inhibit the myostatin gene. 
Myostatin is a member of the transforming growth factor-B 
family that regulates, and limits, the number and growth of 
myocytes (37). Proteins that block the myostatin receptor, 
called myostatin inhibitors or antagonists, have been identi- 
fied and encoded into viral DNA. In studies in several differ- 
ent animal models, a single injection into hind limb skeletal 
muscle results in significantly increased size and strength of 
hind limb and fore limb skeletal muscles, which persists for 
more than 2 years. These results held true for both young 
and middle-aged animals (27). The most tested myostatin 
inhibitors thus far include follistatin, follistatin-related gene 
(FLRG), and growth and differentiation factor-associated 
protein-1 (GASP-1). 

The cumulative results are very promising for the future 
treatment of skeletal muscle disorders, but there will almost 


inevitably be attempts to use these for performance enhance- 
ment if and when they reach the human trial phase. 


Safety 

E Changes to tissues outside of skeletal muscle have not been 
detected in these studies. Researchers have specifically 
looked for changes in cardiac muscle size or function and 
for changes in test animals’ reproductive capacity, and posi- 
tive findings of any change are currently absent from the 
literature. 


Legality 

E All of these investigational myostatin inhibitors fall under 
the Nonapproved Substances (SO Subsection) of the WADA 
2011 Prohibited List as substances that have no current 
governmental approval for therapeutic use in humans (72). 


Growth Hormone and Insulin-Like 
Growth Factor 


Efficacy 


E Growth hormone (GH) is secreted by the hypothalamus 
and is important in the growth and development of normal 
bones and muscle. 

E GH seems to be intricately related to, and its effects are pri- 
marily mediated by, insulin-like growth factor-1 (IGF-1) and 
the regulation of insulin (40). 

ŒE GH and IGF-1 appear to provide an anabolic effect and 
increases bone mass and lean body mass while decreasing 
adipose tissue (6,46). 

E Administration of GH in GH-deficient individuals has been 
shown to increase height, decrease body fat, and improve 
respiratory muscle function, strength, and agility. 

E Results of supplementation with GH in normal individuals 
have been varied in regard to whether it improves athletic 
performance (44) or not (5,20,53). 

E Although there are myocardial receptors for GH, adminis- 
tration of recombinant human growth hormone (rhGH) did 
not affect cardiovascular performance as measured by left 
ventricular ejection fraction, heart rate, or blood pressure in 
seven normal male volunteers (9). 


E GH levels can be increased by exercise, and the level of re- 
lease is related directly to exercise intensity, but the duration 
of the secretion and effects of long-term training are not 
known (51). 

E In summary, GH and IGF-1 appear to increase lean body 
mass and decrease body fat, but it is still unclear whether 
they have any effect on athletic performance. 


Safety 

E Long-term human GH doping will probably result in the 
symptoms of acromegaly: fluid retention, increased risk of 
developing diabetes mellitus, and hypertension. Other risks 
include cardiomyopathy, decreased HDL, osteoporosis, men- 
strual irregularities, and impotence. 
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E As with any drug that is injected, users have increased risks 
for cross infection with human immunodeficiency virus 
(HIV) and hepatitis. 

E Although cadaveric GH may not be used as commonly as in the 
past, its use increases risk for prion disease (Creutzfeldt-Jakob 
disease), which is characterized by progressive dementia. (53). 


Legality 

Current testing for GH is limited to blood testing for elevated 
levels of IGF-1 and measuring changes in GH isoforms, 
which requires having had a previous blood test evaluating 
baseline GH isoforms (8). 

E GH and the proteins in the GH signaling pathway are banned 
by the NCAA and the IOC, although it is possible an athlete 
with a genetic deficiency of GH may obtain a TUE from the 
IOC (48,72). 


Nonsteroidal Anti-Inflammatory Drugs 


Efficacy 

E NSAIDs are commonly used medications to treat both acute 
and chronic injuries. Over 50 million people in the United 
States take daily prescription NSAIDs, with over 100 million 
Americans using prescription NSAIDs during a year (58). 
They are widely available over the counter. 

E The major pharmacologic effect of NSAIDs is to inhibit 
the enzyme cyclooxygenase (COX), thus decreasing prosta- 
glandin production. The decreased prostaglandins produce 
decreased inflammation and promote analgesia in the in- 
jured tissue. There are at least two forms of the COX enzyme, 
COX-1 and COX-2. 

B® COX-1 is important in the production of prostaglandins in- 
volved in the homeostasis of various tissues including renal 
parenchyma, gastric mucosa, and platelets. 

ŒE COX-2 produces prostaglandins involved in pain and in- 
flammation. Most NSAIDs inhibit both COX-1 and COX-2 
at various levels, with newer agents developed to be more 
COX-2 selective. Theoretically, this enhances the desired 
effects while limiting the side effects. 


E NSAIDs have been shown to decrease pain, increase func- 
tional ability, and allow for a more rapid return to training in 
ankle sprains (43). 

E NSAIDs may provide benefit in treating delayed-onset mus- 
cle soreness by decreasing pain and improving short-term 
muscle recovery (71), but given their potential to impair 
healing, they should only be used for 3—7 days after injury. 


Safety 


E Because of the risks associated with NSAIDs, consideration 
should be given to avoidance of these NSAIDs and using 
acetaminophen and exercise therapy as alternatives (62). 


E Acetaminophen may be as effective as NSAIDs in acute pain 
reduction (70). 


E NSAIDs should be used for as short a duration as possible. 
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INTRODUCTION 





HISTORICAL PERSPECTIVES 





E Overuse injuries remain a constant challenge for the sports 
medicine physician. Injuries such as chronic tendinopathies 
are traditionally treated with corticosteroids or nonsteroidal 
anti-inflammatory drugs (NSAIDs), although it has been de- 
cades since Puddu et al. (22) demonstrated that tendinosis 
is not an inflammatory condition. Most investigations dem- 
onstrate that such treatments provide at best a short-term 
decrease in pain. With growing concern of complications 
associated with corticosteroids and NSAIDs, the search for 
other treatment modalities continues (14). 

E Proinflammatory therapies (“prolotherapy”) are a subject of 
growing interest and research. Although not a new concept, 
prolotherapy is new to the rigors of evidence-based medi- 
cine. As such, research is subject to skepticism, and providers 
are reluctant to adopt these techniques. 

E Prolotherapy is an injection technique that uses the body’s 
own inflammation and repair system for treatment of 
chronic musculoskeletal pain. It is a unique alternative to 
standard care that can be performed quickly in an outpatient 
setting. The theoretic basis and state of current evidence 
regarding prolotherapy are discussed in this chapter. 





DEFINITIONS 





E Injection of a solution that will stimulate the production of 
new cells (11,12). 

E Injection of growth factors or growth factor stimulants that 
cause growth of normal cells or tissues (24,25). 





COMMON USES 





Æ Commonly used for chronic musculoskeletal pain; most fre- 
quently used for chronic tendinopathies, chronic ligament 
pain, and chronic back pain. 

E Growing interest in use for osteoarthritis; may contribute to 
correcting instabilities that contribute to osteoarthritis. 


E Case reports additionally claim success in treatment of neck 
pain, groin pain, and traumatic migraines. 





E Hippocratic treatises suggested the utilization of scar tissue 


to add stability to joints, advising the use of a “hot poker” as 
treatment for recurrent dislocating shoulders. 

During the 1800s, sclerosing agents were used for treatment 
of varicose veins, hemorrhoids, and nonsurgical hernias. 
Prolotherapy was first described in modern literature by 
Dr. Louis Schultz (30). 


E Injected sodium psylliate into painful temporomandib- 
ular joints and reported effectiveness for treatment of 
chronic pain. 

E Performed animal studies revealing soft tissue fibrosis 
within 4-6 days after injections, suggesting that agents 
might stabilize joints by tightening ligaments. 

The term “prolotherapy” was popularized by Dr. George S. 

Hackett (11,12). 


E Theorized that chronic musculoskeletal pain was sec- 
ondary to chronic laxity of ligaments and bone-tendon 
junctions. 

E Used the term “prolotherapy” to simplify phrases such 
as fibroproliferative therapy, proliferant therapy, sclero- 
therapy, and regenerative injection therapy. 

E Term derived from “prolo” meaning offspring and “prolif- 
erative” meaning to produce new cells in rapid succession. 
Dr. Hackett considered prolotherapy the “rehabilitation 
of an incompetent structure by the generation of new 
cellular tissue.” 


E Published works in 1953 describing use of prolotherapy 
for treatment of chronic sacroiliac pain on 253 patients 
over a 14-year period (11). 

The current prevalence of physicians practicing prolother- 

apy is uncertain. 

= A 2003 survey of osteopathic physicians identified 
95 practitioners in the United States with treatment of 
approximately 450,000 patients. Only 27% of the surveys 
were returned; therefore, the prevalence was likely much 
greater (7). 

E A 2006 investigation of prolotherapy side effects identi- 
fied 314 members of the American Academy of Ortho- 
paedic Medicine listed as performing prolotherapy in the 
member directory (6). 
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E A survey of 908 primary care patients using narcotic 
therapies for chronic musculoskeletal pain revealed that 
8.3% of the patients had received prolotherapy treat- 
ments in the past, with 5.9% receiving treatment during 
the previous 12 months (8). 





PROLOTHERAPY AGENTS 





Traditional Agents 


E Irritants 
E Examples: phenol, guaiacol, tannic acid 
E Irritants contain a phenol hydroxyl group that is oxidized 
to quinine derivatives. Such agents are thought to alkylate 
surface proteins of cells, either damaging the cell wall or 
making the cell antigenic. The end result is an initiation 
of an inflammatory cascade. 
E Osmotics 
E Examples: dextrose, glycerin 
E Osmotics are thought to increase extracellular osmotic 
pressure and, therefore, dehydrate cells at the injection 
site. This may lead to cell lysis with the release of cell frag- 
ments, attraction of granulocytes and macrophages, and 
a resultant inflammatory cascade. 
E Chemotactics 
E Examples: sodium morrhuate, polidocanol 
E Chemotactics are thought to be direct precursors of and 
may undergo conversion into inflammatory mediators 
(e.g., prostaglandins, leukotrienes, thromboxanes). 
E Particulates 
E Example: pumice flour 
E Particulates are thought to attract macrophages to the in- 
jection site, initiating an inflammatory cascade. 


Modern Agents (see Chapter 73, Platelet-Rich 
Plasma Therapy and Autologous Blood) 


E Specific growth factors, whole blood, platelet-rich plasma 


E Modern agents use specific growth factors or carriers of 
growth factors (e.g., platelets) to initiate an inflammatory 
cascade (2,9,28). 


MECHANISM OF ACTION 





E The mechanism of action of prolotherapy is not fully 
understood. 


E Prolotherapy agents are proposed to either attract inflam- 
matory mediators or induce the release of growth factors 
to induce an inflammatory reaction. Such reaction is the 
first stage of the healing process and theoretically promotes 


repair of degenerated structures. See “Prolotherapy Agents” 
section for individual mechanisms of action. 
E Other mechanisms not involving inflammatory responses 

have been suggested. 

E Macrophages responding to particulate agents may secrete 
a polypeptide promoting fibroplasia. 

E Irritant agents may cause neurolysis/denervation of noci- 
ceptive fibers. 

E Injections with significant volume may result in lysis of 
connective tissue adhesions. 





THEORETIC BASIS OF PROLOTHERAPY 





E It is well known that growth factors play a critical role in the 
healing process (28). 

E Numerous in vitro studies demonstrate increased gene 
expression when cells are exposed to growth factors 
(1,16). 

E Numerous animal studies demonstrate increases in 
growth factors after induced musculoskeletal injuries (20). 

E Invitro studies have demonstrated that cells bathed in tradi- 
tional agents show increased expression of genes for inflam- 
mation and growth factors (15). 

E Clarkson et al. (1) observed that human renal mesan- 
gial cells exposed to 5-30 mM of dextrose demonstrated 
increased expression of 200 genes, many encoding for 
cytoskeleton P-proteins and growth factors (1). 

E Lam et al. (16) observed that renal fibroblasts exposed to 
dextrose demonstrated increased expression of connec- 
tive tissue growth factor and insulin-like growth factor 
gene expression (16). 

E Animal studies with traditional agents demonstrate soft tis- 
sue fibrosis, increases in tendon diameters, and ligament 
hypertrophy with increased tensile strength (15). 

E Schultz (30) noted soft tissue fibrosis 4—6 days after injec- 
tions of sodium psylliate. 

E Hackett injected synasol (sodium salt fatty acid) into 
gastrocnemius and superficial flexor tendons and noted 
an increase in bone formation at tendon junctions at 
1-3 months. At 9-12 months, a 40% increase in ten- 
don diameter and 30% increase in thickness of tendon- 
osseous junctions was noted. Tensile strengths were not 
tested (12). 

E Liu et al. (18) injected 5% sodium morrhuate in the me- 
dial collateral ligaments of rabbits and reported a 27% 
increase in ligament—bone junction strength and 56% 
increase in collagen diameter. 

E Maynard et al. (19) injected 5% sodium morrhuate into 
the patellar and Achilles tendons of rabbits and noted 
increased tendon diameters as well as increased collagen 
content of fibrils, water, glucosamine, and fibroblasts. Such 


effects were not noted with a single injection, but required 
three to five iterations. They did not test tensile strength. 
E Human case reports utilizing medical imaging have suggested 
evidence of tissue repair following prolotherapy (10). 





PROLOTHERAPY TECHNIQUE 





E There are no formal practice guidelines. 


E The procedure is not currently regulated, and certifica- 
tion is not required. 


E Techniques are typically taught through workshops, 
continuing medical education activities, and provider- 
to-provider education. 

E Choice of best agent for injection, volume of agent, or con- 
centration of agent is not clear. 

E No clinical trials have compared efficacy of different 
agents, concentrations of agents, or the volume of solu- 
tions injected. 

E Most clinicians report use of single-agent injections. 

E The most common combined agent is a combination of 
phenol, glycerin, and dextrose (referred to as P2G, com- 
monly with concentrations of 1% phenol, 12.5% glyc- 
erin, and 12.5% dextrose). 

E Common concentrations of dextrose range from 10% to 
25% dextrose in either saline or an anesthetic agent. 


E Common concentration of sodium morrhuate is 5% 
solution. 


= Common concentration of polidocanol is 5-10 mg : mL 
(0.5%-1% solution). 

E Total volume injected varies according to target area. 
Techniques studied for lower back pain have ranged from 
10-30 mL of solution. Joint injections and injections near 
or in ligaments and tendons are often performed with 
0.5-1 mL at each injection site, with total volume rang- 
ing from 1-10 mL. 


E Therapeutic injections are often performed at the site of 
greatest tenderness or along the path of a painful ligament or 
tendon. For large areas of pain, injections are performed at 
small intervals (e.g., 1 cm) with an injection of 0.5-1 mL of 
agent at each site. 

E Current technology allows use of musculoskeletal ultrasound 
to guide injections into ligaments, degenerated regions of 
tendons, neovessels within tendons, and joint spaces. 

E Injections are commonly performed at intervals ranging 
from every 1—6 weeks. Procedure is often repeated one to two 
times prior to determining whether intervention is successful. 
Total duration of therapy is guided by clinical results, typi- 
cally continuing therapy until beneficial changes plateau. 

Œ Postinjection pain is anticipated for 72 hours and typically 
resolves by 5-7 days. Acetaminophen or narcotic medica- 
tions are often used for pain control during this period. 
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Anti-inflammatory medications are generally avoided be- 
cause they theoretically offset the proposed desired inflam- 
matory action for prolotherapy techniques. 





CURRENT EVIDENCE 





E Evidence is limited but growing in volume. The majority 
of literature involves case reports. Most studies are small or 
lacking a control group. There are very few randomized con- 
trolled trials. 


The Knee 


E Hoksrud et al. (13) used polidocanol to sclerose neovessels 
in patellar tendinopathies. He recruited 33 patients, with 
17 in the intervention group and 16 in a control group that 
crossed over at 4 months. The initial treatment group dem- 
onstrated improvements in pain compared to the control 
group. Upon crossover, the remaining 16 patients demon- 
strated pain improvement. 

E Ryan et al. (27) used dextrose injections under ultrasound 
guidance for patellar tendinopathies that failed conservative 
treatment. They recruited 47 patients who received a mean 
of 4 (+ 3) injections. They reported improvements in visual 
analog pain scales (at rest, with activities of daily living, and 
with sporting activities) at a mean of 45 weeks and noted im- 
provements in appearance of the tendons under ultrasound 
evaluation. There was no control group. 


The Elbow 


E Zeisig et al. (32) used polidocanol and sclerosed neovessels 
under ultrasound guidance in 11 of 13 elbows with lateral 
epicondylitis for an average duration of 23 months with 
8 months of follow-up. They noted good results in 11 of 
13 elbows, with visual analog scale pain scores decreasing 
from 75 to 34 and grip strength increasing from 29 to 40 kg. 
This was a small study, and there was no control group (32). 

E Scarpone et al. (29) compared injections of sodium mor- 
rhuate with dextrose to a saline placebo at 0, 4, and 8 weeks. 
The intervention group improved in pain at all points with 
significance reached over placebo by 16 weeks and main- 
tained at 52 weeks. This study had a control group, but had 
overall limited size (24 patients). 


The Achilles Tendon 


E Ohberg et al. (21) used polidocanol to sclerose neovessels in 
11 subjects with a mean duration of 23 months of insertional 
Achilles tendon pain. At 8-month follow-up, 8 of 11 patients 
noted improvement of pain with a decrease in the visual 
analog scale pain rating from an average of 82 to 14 during 
tendon-loading activities. This was a small pilot study, and 
there was no control group. 
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Lind et al. (17) used polidocanol and sclerosed neovessels 
in 42 patient tendons with mean duration of 32 months 
of midportion Achilles pain. Initially, 37 of 42 subject ten- 
dons demonstrated satisfaction with treatment. At 2-year 
follow-up, 38 patients noted satisfaction with treatment and 
reported a reduction in the visual analog pain scale rating 
from 75 to 7. Researchers reported improved appearance of 
tendons under ultrasound evaluation. There was no control 
group (17). 

Yelland et al. (31) performed a single-blinded randomized 
study involving 43 patients with Achilles tendinopathy. Sub- 
jects were randomized into three groups: prolotherapy only, 
eccentric exercises only, and combination of prolotherapy 
and eccentric exercises. The combined group had superior 
results, whereas the prolotherapy and the eccentric exercise 
groups were equivalent. Of note, the prolotherapy group 
achieved maximum improvement more rapidly than the 
eccentric exercise group. 


Plantar Fascia 


Ryan et al. (26) used hypertonic dextrose (25% solution) in 
20 subjects with chronic plantar fasciitis that had failed con- 
servative treatment. Injections were performed at 6-week in- 
tervals with an average number of three injections. Telephone 
follow-up at a mean of 11.8 months after treatment reported 
improvements in 16 of 20 patients with visual analog scale 
pain scores decreasing from 36.8 to 10.3 at rest, from 74.7 to 
25 for activities of daily living, and from 91.6 to 38.7 during 
or after physical activity. This was a small pilot study, and 
there was no control group (26). 


Lower Back Pain 


There are numerous studies of the use of traditional prolo- 
therapy for lower back and sacroiliac pain. Such studies are 
confounded by lack of consistency in formulating a specific 
diagnosis prior to therapy and location of injection sites. Of 
the studies that are prospective and randomized with control 
groups, the results are mixed (3,4,5). 


Osteoarthritis 


Reeves and Hassanein (25) studied the use of 10% dextrose 
solution for osteoarthritis of the fingers. This study included 
individuals with at least a 6-month history of pain at the 
metacarpophalangeal, proximal interphalangeal, or distal 
interphalangeal joints. Thirteen patients were randomized 
to the intervention group and 14 to the control group, and 
injections were performed to the medial and lateral joint 
lines. Evaluation was performed at 0, 2, and 4 months. The 
intervention group was noted to have significant improve- 
ment in pain with motion and improved flexion range of 
motion. There was no change in rest pain or grip strength. 


Reeves and Hassanein (24) studied the use of 10% dextrose 
solution for osteoarthritis of the knee in a randomized 


double-blinded study. The intervention group had improve- 
ment compared with the control group in knee buckling; 
however, both groups improved in pain, range of motion, 
and sense of swelling. 


Other Conditions 


E Case reports have claimed use of prolotherapy for treatment 
of neck pain, groin pain, and traumatic migraine pain. No 
organized studies are available. 





CONTRAINDICATIONS AND ADVERSE 
REACTIONS 





E There are no well-defined contraindications to prolotherapy. 
Suggested contraindications include standard contraindica- 
tions to any needle technique, as well as reasonable precau- 
tions for the induction of inflammation. 


E Suggested contraindications include acute illness, infection 
at proposed injection site, anatomic defects precluding injec- 
tion, metastatic cancer, systemic inflammation, gouty arthri- 
tis, bleeding disorders, inability to perform postprocedure 
range-of-motion exercises, nonmusculoskeletal pain, whole- 
body pain, and low pain tolerance. 

E There are very limited data regarding adverse effects of 
prolotherapy. Data suggest similar adverse effect profiles to 
other similar needling techniques. 


E Common adverse effects include needle trauma (e.g., pain, 
bruising, bleeding, fullness, or numbness at injection site), 
light headedness, local infection, and local nerve damage. 
For procedures to the spine and neck, risks include pneu- 
mothorax, spinal headache, disc injury, and potential spinal 
nerve/cord injury, although injury rates are similar to other 
commonly performed back procedures. 

E Prolotherapy agents are considered relatively safe. Dextrose 
has been used safely as an intravenous treatment for hypo- 
glycemia for over 50 years. Sodium morrhuate is used in 
gastrointestinal procedures, and reports of allergic reactions 
are rare. P2G has not been reported in clinical trials to have 
significant side effects or adverse reactions (23). 
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and Autologous Blood 
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INTRODUCTION 





Soft tissue injuries including tendon, muscle, and ligament 
injuries account for a large proportion of injuries to rec- 
reational and elite athletes. Enhancing the healing of these 
injuries beyond ice, rest, activity modification, and the tinc- 
ture of time has been the goal of sports medicine physicians. 
It is now known that nonsteroidal anti-inflammatory drugs 
(NSAIDs), commonly prescribed for soft tissue injury, 
do not enhance healing, but alleviate pain. The advent of 
autologous growth factor therapies holds the potential 
to use the body’s own healing ability to speed up and im- 
prove tissue repair. A number of different options have been 
investigated. 

This chapter will explore the pathophysiology of autologous 
blood and platelet-rich plasma, examine the human litera- 
ture to date, and offer conclusions based on the best available 
data. 





AUTOLOGOUS GROWTH FACTOR 
THERAPIES 





Concept 


Growth factors mediate the biologic process of repair; indi- 
vidual growth factors have been shown to enhance injury 
repair in animal models. 

By increasing the amount of growth factors to the injury, 
healing may be accelerated or enhanced in terms of out- 
come (repaired tissue more closely approximates original 
tissue). 

Platelets are one of the first cells to arrive at injury and are 
filled with growth factors; growth factors in platelets are in a 
physiologic balance. 

E Contain multiple growth factors in a-granules: 

Q Platelet-derived growth factor (PDGF) 

Q Transforming growth factor-B (TGF-8) 

Q Insulin-like growth factor (IGF) 
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Q Epidermal growth factor (EGF) 

I Vascular endothelial growth factor (VEGF) 

Q Fibroblast growth factor (FGF) 

= Also contain other factors that modulate healing: 

Q Serotonin 

Adenosine diphosphate (ADP) 

Stromal cell-derived factor-la (SDF-1a) 
Recruits circulating stem cells to site of injury 


Oo 





[m 


Stimulates bone marrow to release additional stem 
cells 


Variables to Consider 


E The use of ultrasound (US) guidance: 


E 24%-71% failure rate with palpation-guided injections 
to subacromial bursa, glenohumeral, knee, and ankle 
joints (12,13,21,22) 

E Approximately a 5% failure rate with US-guided injec- 
tions (26,41,45) 

Amount of injectate: typically 2-5 cc is used depending on 

location and type of tissue being treated. There is a volume 

effect from the injection of any fluid as well as an effect from 
the substance itself. 


Amount of and location of local anesthetic used: 

E Lidocaine has been shown to be toxic to platelets in vitro 
(4,25,28). 

Anesthetics may also be toxic to tenocytes (44). 

No in vivo studies. 


Procedures with tenotomy are painful without anesthetic. 


Negative effect of intratendinous anesthetic should be 

considered. 

Whether or not a fenestration is performed: 

E Fenestration is the repetitive passing of a needle in a 
tissue. 

E Called tenotomy when done in a tendon. 


E There are retrospective studies that show that tenot- 
omy alone is 60% effective in treatment of tendinosis 
(24,36,37). 


E Immobilization and/or rehabilitation after the injury. 
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AUTOLOGOUS BLOOD 





History 


E Percutaneous release of extensor tendons of elbow shown to 
be effective treatment of lateral epicondylitis (1). 


E Theorized by Edwards and Calandruccio (10) that the ben- 
efits of this treatment were secondary to beneficial effect of 
bleeding in the area, which started an inflammatory reaction 
that led to a cascade of healing. 


Definition 


E Injection of a small amount (2-3 cc) of the patients own 
blood back into a damaged or injured area. 


Studies 


E Edwards and Calandruccio, 2003 (10): 
E Design was case series. 


Twenty-eight patients with mean age of 46 with lateral 
epicondylitis for at least 3 months. 

E Injected 2 mL of autologous blood plus 1 mL bupivacaine 
blindly. 

E Thirty-two percent got second injection at 6 weeks if pain 
not completely relieved. 


E Visual analog pain scale (VAS) decreased from 7.8 to 
2.3 mm. 

E Seventy-nine percent of patients had complete relief of 
pain. 

E One patient (4%) failed treatment. 

E Connell et al., 2006 (6): 

E Design was case series. 

E Thirty-five patients with lateral epicondylitis with a mean 
duration of symptoms of 13.8 months; average age was 40.9. 


E Injected 2 mL of autologous blood under US guidance 
after dry needling for 1 minute. 


E Seventy-five percent had second injection at 4 weeks. 


E VAS decreased from 9 to 6 at 4 weeks and to 0 at 
6 months. 


| Two patients (6%) failed treatment. 
E Suresh et al., 2006 (47): 

E Design was case series. 

E Twenty patients (average age, 48.5) with medial epicon- 
dylitis with a mean duration of symptoms for 12 months. 

E Injected 2 mL of autologous blood under US guidance 
after dry needling. 

E Second injection done at 4 weeks (100%). 

E VAS decreased from 8 to 5.65 in 4 weeks and to 2.15 at 
10 months. 

E Three patients (15%) failed. 
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E James et al., 2007 (27): 
E Design was case series. 
E Forty-seven patients (average age, 34.5) with patellar ten- 
dinosis for a mean duration of 12.9 months. 


E Injected 3 mL of autologous blood under US guidance 
after dry needling for 1 minute. 

E Second injection done at 4 weeks per protocol. 

E Victorian Institute of Sport Assessment Scale — Patellar 
(VISA-P) is a validated outcome measure for pain and 
functional activity in individuals with patellar tendinosis 
ranging from 0-100, with 100 being normal. VISA-P in- 
creased from 39.8 to 74.3. 

E Three treatment failures (6%). 


Conclusion 


E Level IH evidence (case series) that autologous blood injec- 
tion is an effective treatment for tendinosis. 

E Techniques, protocols, and rehabilitation varied between 
studies. 





PLATELET-RICH PLASMA 





History 


E First use reported in maxillofacial surgery to enhance healing 
of bone grafts (35). 


E The use spread to cardiac, plastic surgery, and orthopedic 
procedures. 


E First use in tendons documented in 2006 by Mishra and 
Pavelko (38). 


Definition 


E A volume of autologous plasma that has a platelet concentra- 
tion above baseline (35). 


E The plasma allows platelets to clot. 


E Clot is composed of fibrin, fibronectin, and vitronectin, 
which are cell adhesion molecules required to promote tis- 
sue healing (35). 


Terminology 


Œ Platelet rich in growth factors (PRGF) 
E Another term for platelet-rich plasma (PRP) 
E Platelet-rich fibrin matrix 
E Typically used to refer to PRP that has been clotted 


E The clot provides substance and is usually used in surgi- 
cal techniques. 


E Platelet concentrate 
E A solid composition of platelets without plasma 
E Will not clot without plasma (no fibrin) 
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EŒ Platelet releasate 


E The product created from activated platelets, i.e., the 
released growth factors from the platelets 


E Typically created by creating a pellet of platelets in plasma 
and then adding thrombin to activate platelets 


E Fibrin glue 
E First described in 1970s 
E Polymerized fibrin induced by thrombin and calcium 
E Used as a tissue adhesive and to achieve hemostasis 
E Autologous conditioned serum 
E Initially described by Wright-Carpenter et al. (50,51) 


=E Whole blood (without anticoagulant) is incubated with 
glass beads for 24 hours. 


E Blood clots and glass beads serve as slow activators of 
platelets with release of growth factors. 


E Serum is removed. 


E Has increased growth factors compared to serum not 
incubated with glass beads (FGF and TGF-B) 


E Should not be confused with Autologous Conditioned 
Plasma, a proprietary product 


Variables to Consider in PRP Product 


E Platelet concentration 


E There may be an optimum concentration of platelets 
above which the concentration may be inhibitory. 


E Graziani et al., 2006 (18) demonstrated that 2.5 base- 
line was optimal concentration in vitro 


E Han etal. (19) demonstrated that PRP with 50 ng - mL7! 
TGF-B was more stimulatory then 200 ng - mL. 


E Other studies have shown that proliferation is dependent 
on platelet concentration, with higher concentrations 
being more effective (33) 


E Marx (34) suggested that the minimum effective amount 
of platelets was a concentration of 1,000,000/wL in 6 mL 
of PRP. Many modern platelet concentrating systems do 
not achieve this concentration. 


E Presence or absence of leukocytes 


E There is debate regarding whether white blood cells 
(WBCs) enhance or are a detriment to healing. 


E There are three subtypes of WBCs. 

4 Neutrophils 
Contain hydrolytic enzymes 
Release proteases and free radicals 
In muscle injury, neutrophils promote secondary 
damage after the initial injury (3,48). 

“ Monocytes 
Primary role is removal of debris. 


Balance anti-inflammatory and proinflammatory 
aspects of healing (11) 


2 Lymphocytes 
Initiate cell-to-cell interactions 
Play an important role in vessel formation by sup- 
porting the proliferation and differentiation of 
stem cells 
E Viability of platelets 
E Once platelets are activated (by thrombin, calcium chlo- 
ride, or collagen), they release 95% of their growth factors 
in the first hour (34). 


E Platelets can be damaged during the collection process 
(mechanical trauma). 


E Anticoagulation 
E Anticoagulant citrate dextrose-A (ACD-A) 
A Reversible 


A Citrate binds to calcium to inhibit initiation of the 
clotting cascade. 





Q Dextrose and other buffers support the viability of the 
platelet (32). 


E Citrate phosphate dextrose (CPD) also binds calcium but 
is 10% less effective at supporting platelet viability (32). 


E Once anticoagulated, PRP will remain stable and sterile 
for 8 hours (34). 


E ACD-A is acidic and thus will lower pH. 
Q This makes it more painful to inject. 


1 Some PRP protocols use bicarbonate to buffer back 
acidity. 





1 There is some evidence that release of PDGF-a (and 
early healing) is enhanced by acidic environment (31). 


E How and when PRP is activated 
E Can be activated by: 
3 Thrombin 


Calcium chloride activates clotting cascade by allowing 
polymerization of fibrin fibers required for clotting. 


(E 


I Collagen is an endogenous activator of PRP. 
E Exogenous activation 


4 When activated, a fibrin clot is formed and the PRP 
increases in density, forming a globule or membrane. 





For surgical use, this can allow the product to be 
incorporated into repairs with suture. 

For use with injections, the product will gel and be 
difficult or impossible to inject. 

Growth factor release begins as soon as PRP is acti- 
vated, so product should be used relatively quickly. 
This will occur with products that use no anti- 
coagulation. 

4 Some techniques use double-barrelled syringes to in- 
ject the PRP and thrombin simultaneously so the acti- 
vation occurs at the time of injection. 

E Amount of fibrinogen 
E Fibrinogen forms a matrix that enmeshes platelets and 
supports cell migration. 
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E Depending on how PRP is activated, different molecular 
structures can be formed. 


UI Drastic activation from high thrombin concentra- 
tions may form a less stable tetramolecule or bilat- 
eral junctions, which leads to fibrin monomers that 
are not favorable for cytokine enmeshment or cell 
migration (9). 

4 Slower activation encourages more stable trivalent 
or equilateral junctions, which leads to a multifiber 
assembly that supports cytokine enmeshment and cell 
migration (9). 

E A recent study showed that both leukocyte-rich and 
leukocyte-poor PRP had similar amounts of fibrinogen 

present (5). 


E pH of product 
E Growth factor function is dependent on pH. 


E Some protocols suggest buffering back PRP to physio- 
logic pH by the addition of bicarbonate to the PRP. 


E Liu et al. (31) demonstrated that PRP was more effective 
in an acidic environment. 


Categories 


E Buffy coat product 
E PRP that is made up by isolating the buffy coat. 
E The buffy coat is composed of platelets and leukocytes. 


E To obtain the buffy coat, some red blood cells are in- 
cluded in the product. 


E Mesenchymal stem cells also reside in this layer. 
Œ Plasma-based products 
E Have a lower concentration of leukocytes 


E Also have lower platelet concentrations 


PRP in Tendons 


E Pathogenesis of tendon injury 


E Tendon pain that lasts more than 3-6 weeks is not 
inflammatory. 


E Tendinosis or tendinopathy is degenerative on biopsies 
with an absence of inflammatory cells. 


E Theory 


E PRP can stimulate healing by starting an inflammatory 
reaction. 


E Inflammation is the first stage of healing. 

E Case series studies 
E Mishra and Pavelko, 2006 (38) 

4 Lateral epicondylosis 

4 Fifteen patients with a mean age of 48 who had had an 
average duration of symptoms for 15 months. 

4 Had one injection of 2 mL of leukocyte-rich PRP 
(Biomet) with five needle penetrations. No US guidance. 
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4 VAS score decreased from an average of 80.3 at baseline 
to 5.7 at 6 months; 93% of patients were completely 
satisfied with their treatment. 


Q One treatment failure 

E Volpi et al., 2007 (49) 

4 Patellar tendinosis 

4 Ten patients with mean age of 27 


4 One injection with leukocyte-rich PRP (Biomet) with 
five to eight needle penetrations under US guidance. 


I Average VISA increased 36 points, and magnetic reso- 
nance imaging appearance improved. 


I One treatment failure went to surgery. 
E Filardo et al., 2009 (15) 

4 Patellar tendon 

‘1 Case control 


Fifteen patients treated and 16 controls, with average 
duration of symptoms for 3 months 





4 Three injections 15 days apart with 6X baseline plate- 
let concentration. PRP was leukocyte rich, and 10% 
CaCl was added prior to injection. 


Eleven patients in PRP group showed complete or 
marked recovery, and two had no improvement. 


Q Eight patients in control group showed complete or 
marked recovery, and three had no improvement. 


Q Difference was not statistically significant. 
E Kon et al., 2009 (30) 
4 Patellar tendon 


Twenty patients with a mean age of 25.5 with an aver- 
age duration of symptoms of 20.7 months 





4 Three injections 15 days apart with 6X baseline plate- 
let concentration. PRP was leukocyte rich, and 10% 
CaCl was added prior to injection using a 22-g needle 
with four to six needle penetrations. 

2 Fourteen patients had marked improvement, and four 
had no improvement. 

E Gaweda et al., 2010 (16) 

4 Achilles tendon 

4 Fifteen patients with a mean age of 40 and symptoms 
for at least 6 months 

Q One injection of 3 mL of leukocyte-rich PRP (Curasan) 
with US guidance 

4 Achilles VISA increased from 24 to 96 

4 On American Orthopedic Foot and Ankle Society 
(AOFAS) scale, two patients continued to have pain 
with activity. 

E Hechtman et al., 2011 (20) 


Lateral epicondylosis 








4 Thirty-one patients with average age of 47 with elbow 
pain > 6 months 
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(= 


One injection of leukocyte-poor PRP (Cascade) using 
18-g needle with nine needle penetrations without US 
guidance 

Q VAS score decreased > 25% in 96% of patients at 
12 months. 





1 Two patients had surgery, and one had no improvement. 


E Double-blind, randomized studies 
E de Vos etal., 2010 (8) 


Q Achilles tendinosis 

4 Fifty-four patients total (27 in each group), with an 
average age of 49 and at least 3 months of pain 

Q Could not have performed eccentric exercises prior to 
study 

1 Control group received saline injection with 15 needle 
penetrations. 

Q PRP group received leukocyte-rich PRP (Biomet) with 
15 needle penetrations. 





d Outcome 


VISA-Achilles (VISA-A) score increased an average 
of 22 points in both groups. 


PRP with tenotomy was effective, but no more 
effective than saline with tenotomy. 


1 Study flaws 


Eccentric exercises alone will increase VISA-A 
scores in similar demographic by 27 points (40). 


Tenotomy (15 needle penetrations) improved ten- 
dinosis approximately 60% of the time (24,36,37). 


€ PRP should be used after other treatments have failed. 
Peerbooms et al., 2010 (39), and Gosens et al., 2011 (17) 
1 Lateral epicondylosis 





Q One hundred patients (49 in control group, 51 in PRP 
group) with at least 6 months of elbow pain failing 
other treatments 

Control group received corticosteroid (i.e., “standard 
of care”). 

1 PRP group received leukocyte-rich PRP (Biomet) with 
22-g needle and five needle penetrations without US 
guidance. 





I Outcome 
VAS and Disabilities of the Arm, Shoulder and 
Hand (DASH) scores were followed. 
Corticosteroid group initially improved but re- 
turned to near baseline after 9 weeks. 
PRP group had significant improvement of VAS 
and DASH scores, which continued to improve up 
to 2 years. 
Level I evidence that PRP is effective treatment for 
lateral epicondylosis. 


E There is ample evidence and sound theory that PRP is effec- 
tive for chronic tendinopathy that is unresponsive to other 
treatments. 


PRP in Muscle Injuries 


E Pathogenesis of muscle injury (3,48) 


Muscle injury (strain or contusion) leads to a three-phase 

healing reaction. 

Days 1-3 represent the degeneration and inflammation 

phase. 

1 A clot forms and neutrophils begin to invade at 
1-2 hours. 

I Peak muscle damage does not occur at the time of 
injury but corresponds to time of peak neutrophil 
count. 


(E 


Peak injury is attenuated if neutrophils are blocked. 





Q Sometimes, this is referred to as “secondary injury” or 
the “respiratory burst.” 


Day 2 to 2 weeks is the regenerative phase. 


T Satellite cells are quiescent muscle cells that become 
activated at the time of injury. Growth factors play a 
critical role in influencing the fate of satellite cells, which 
can become either myofibroblasts (scar-producing) or 
myoblasts (muscle fiber—producing). 


(E 


Myoblasts fuse with other myoblasts to create multi- 
nucleated myofibers. 

TGF- and IGF-1 are key growth factors. 

NSAIDs increase TGF-B and decrease prostaglandin 
Ez, which enhances satellite cell differentiation (2). 


(E 





oO 


From 2 weeks and on is the remodeling phase. 
I Maturation of regenerated fibers 
1 Remodeling of scar 





Q Fibrosis is key inhibitor of complete healing. 


E Theory 


Platelets in initial clot are “spent” after 3—7 days. 

Initial clot has high density of red blood cells due to 
vascularity of muscle and significant bleeding with 
injury. 

PRP can increase the density of platelets in the clot, 
and the fibrin can form a scaffold for repair and cell 
migration. 

PRP may speed healing or may just increase the quality 
of the repair by influencing the satellite cells to become 
myoblasts and thus increase the amount of new muscle 
formed versus fibrous scar tissue, which is prone to 
reinjury. 

PRP may not enhance this already acutely inflammatory 
healing process. 

PRP with increased neutrophil density (leukocyte-rich 
PRP) may increase secondary injury (43). 

PRP with increased plasma component has increased 
levels of IGF-1. 


Q IGF-1 is also referred to as mechanogrowth factor. 


Q There is very little IGF-1 in platelets; 99% is in 
plasma (7). 
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1 IGF-1 increases satellite cell differentiation to myo- 
blasts (over myofibroblasts), which theoretically may 
produce a better repair. 

E Studies 
E Very limited human studies 

4 Muscle injuries are heterogeneous, and it is difficult to 
predict how long a muscle injury will take to heal. 





Q Muscle injuries are self-limited, and the vast majority will 
heal if given enough time without other intervention. 


E Sanchez et al., 2009 (43) 


“1 Case series 





1 Twenty professional athletes with 22 muscle injuries 
were injected with leukocyte-poor PRP under US 
guidance. 

1 Healing was reported to be half of the expected time, 
and there were no incidences of recurrence. 

1 Flaws 


No control 





No quantification of injury 
Difficult to accurately predict expected time loss 
E Wright-Carpenter et al., 2004 (50) 

4 Eighteen professional athletes were treated with 2 mL 
of autologous conditioned serum (ACS). ACS is whole 
blood that is allowed to clot and is incubated with 
glass beads to release growth factors into supernatant. 
There is no fibrin in ACS. Up to five injections were 
done 2 days apart. 

4 Control group was 11 professional athletes treated 

with a combination of Actovegin and Traumeel 

(naturopathic anti-inflammatories). Up to five injec- 

tions were done 2 days apart. 

Q The group treated with ACS returned to play at 16 days 
versus 22 days for the “control” group. 
4 Flaws 


No true control group 





No quantification of injury 
E Wright-Carpenter et al., 2004 (51) 
+ One hundred eight mice had experimental muscle 
contusion model induced. 
Fifty-four were treated with ACS injections at 2, 24, 
and 48 hours. 


Q Fifty-four were treated with normal saline at 2, 24, and 
48 hours. 


Results showed that ACS-treated mice had increased 
satellite cell activation at 30 and 48 hours after injury, 
and the diameter of regenerating myofibrils was 
increased compared to controls within the first week 
after injury. 





E Conclusion 


E There is little evidence that PRP improves time to return 
to play in muscle injuries, although limited, low-quality 
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evidence and anecdotal reports suggest it may decrease 
healing time by about one-third. 


E PRP may improve outcome of natural repair process by 
increasing myoblast differentiation. 


PRP in Ligament Injuries 


E Theory 
E PRP will speed or improve outcome of healing. 
E Studies 
E No human studies. 
E Increased matrix synthesis in ligaments in vitro (46) 


E PRP enhances ligament cell adhesion, proliferation, and 
differentiation in vitro (19). 
E PRP-treated rabbit medial collateral ligaments had in- 
creased load to failure (23). 
E Conclusion 


E Additional human and animal studies are needed before 
recommendations can be made. 


PRP in Arthritis 


E Theory 
E PRP may be able to stimulate chondral anabolism and 
inhibit the catabolic process. 
E PRP may reduce synovial membrane hyperplasia and 
modulate cytokine level. 
E Studies 
E Kon etal., 2010 (29) (1-year follow-up), and Filardo et al., 
2011 (14) (2-year follow-up) 
4 One hundred fifteen knees had leukocyte-rich PRP 
injected intra-articularly for a total of three injections 
3 weeks apart. 





4 Both International Knee Documentation Committee 
objective and subjective score as well as EuroQol VAS 
increased at 2 months, and although they decreased 
slightly by 12 months, they were still significantly higher 
than baseline. 

1 Ninety-one patients were available for follow-up at 
2 years. There was a further decrease in scores at 
2 years, but scores were still above baseline (14). 





1 Patients who were younger and had less severe arthri- 
tis did better. 

E Sampson et al., 2010 (42) 

4 Fourteen patients with a median age of 51.8 years had 
leukocyte-rich PRP (Biomet) injected for a total of 
three injections approximately 4 weeks apart. 

4 VAS and Knee Injury and Osteoarthritis Outcome 
Score improved in most patients. 





E Conclusion 


E There may be a modest, beneficial effect of PRP in osteo- 
arthritis that declines over time. Further study is needed. 
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Conclusions Regarding PRP 


ŒE Most human research has been done in tendinopathy. 


E Level HI evidence suggests PRP is effective in the treat- 
ment of chronic tendinopathy (15,16,20,30,38,49). 


E Level I evidence suggests PRP is effective in the treatment 
of chronic tendinopathy (8,17,39). 


E There have been no adverse effects reported in the literature. 


E More study is needed in acute muscle and ligament injuries 
and osteoarthritis. 
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INTRODUCTION 





E Injections are a common intervention provided by sports 


clinicians. Injections can be both diagnostic and therapeu- 
tic. If delivered properly and with sound indications, injec- 
tions can be very rewarding for both the patient and the 
provider. 

This chapter details the indications, benefits, risks, and 
technique for administering common injections in sports 
medicine. These injections, while in most cases simple to 
administer, should be done only after proper training and 
appropriate supervision. Most injections are simple to learn 
(see one, do one, teach one); judgment on their use, however, 
takes time and effort to acquire. 





INDICATIONS 





E Injections/aspirations are indicated for both diagnosis and 


therapy. 

E Diagnosis: 

Q Synovial fluid analysis to rule out infection, traumatic, 
rheumatic, or crystal-induced etiology (Table 74.1) 

To perform a therapeutic trial to differentiate various 
etiologies 

Q Imaging studies 

Q Synovial biopsy 

E Therapy: 


1 To remove tense effusions to relieve pain and improve 
function 


Q To remove blood or pus from a joint 


Q For injection of steroids and other intra-articular 
therapies 





Q For therapeutic lavage of joints 
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Risks/Complications (58) (Table 74.2) 


E Infection (9,37,60): The risk of postinjection infection is 


extremely rare, on the order of one infection per 3,000- 
50,000 injections when sterile technique is used. Staphylo- 
coccus aureus is the most common organism involved, with 
recent reports also implicating methicillin-resistant S. aureus 
(MRSA). 

Tendon rupture (29): Collagen atrophy and tendon rupture 
are rare but have been described in the literature. Injections 
into tendons should be avoided. In addition, corticosteroid 
injections into the synovial sheath or peritendinous region 
of major weight-bearing tendons (Achilles, patellar, and 
plantar fascia) should be done with extreme caution, and the 
athlete should be protected from weight-bearing exercise for 
a period of 2—4 weeks. 


Postinjection flare: This entity is seen in 2%—10% of patients. 
In this setting, the patient develops a flare of pain in the imme- 
diate 6- to 12-hour period after an injection. The etiology for 
this reaction is thought to be secondary to a local reaction to the 
microcrystalline steroid suspension and is generally self-limited. 
The postinjection flare has also been attributed to the preserva- 
tive that accompanies the anesthetic. This complication may be 
treated with ice, activity modification, and a short course of a 
nonsteroidal anti-inflammatory drug (NSAID). Patients with 
pain beyond 36 hours should be evaluated for a septic joint. 


Skin atrophy/depigmentation/hyperpigmentation: When 
local steroid is applied too close to the surface of the skin, 
local atrophy and depigmentation/hyperpigmentation can 
occur. These changes may be irreversible. 


Hyperglycemia: In some diabetics, there may be short-term 
difficulties with glycemic control secondary to the local ab- 
sorption of corticosteroid. This effect has been rarely reported 
and may be overstated (53). 


Cartilage degeneration: Traditional teaching limits injec- 
tions into a weight-bearing joint to no more than three 
injections per year, because there is some concern about 
weakening articular cartilage or frank chondrotoxicity from 
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Classification of Synovial Fluid 








Classification Appearance WBC PMNs (%) Crystals Culture 
Normal Clear to straw colored < 150 =<) 5) None Negative 
Noninflammatory Yellow < 3,000 < 30 None Negative 
Inflammatory Yellow or cloudy 3,000-75,000 > 50 None Negative 
Infectious Yellow or purulent 50,000—200,000 > 90 None Positive 

Crystal-induced Cloudy, turbid 500-200,00 < 90 Yes Negative 
Hemorrhagic Red-brown 50-10,000 < 50 None Negative 





PMNs, polymorphonuclear leukocytes; WBC, white blood cell. 


SOURCE: O’Connell TX. Interpreting tests from joint aspirates. In: Phenninger JL, editor. The Clinics Atlas of Office Procedures — Joint Injection Techniques. Vol. 5 


(no. 4). Philadelphia (PA): WB Saunders Company; 2002. 


studies on postoperative bupivacaine continuous drips a 
(18,44,58). Recent studies indicate that more frequent in- E 
jections are well tolerated, particularly when used in a 
disease-specific manner (54). Please see later section on use a 
of anesthetics. 

E Intravascular injection 

Traumatic injection: Possible to cause a pneumothorax 
and damage articular cartilage, local nerves, or soft tissue 
structures 

E Vasovagal reactions 

E Facial flushing (10): Up to 15% and described mostly in 
women 


Intramuscular injection 


Unstable coagulopathy 


Intra-articular fractures are a contraindication to a cortico- 
steroid injection. 

Septic effusion of a bursa or a periarticular structure 

Lack of response to prior injections 

More than three prior injections in the last year to a weight- 
bearing joint 

Inaccessible joints, e.g., hip, spine, sternoclavicular (62), and 
sacroiliac joints 

Joint prostheses — relative contraindication 


Known hypersensitivity to any component of the injection 





GENERAL PRINCIPLES (38,63) 








CONTRAINDICATIONS (54) 





E Cellulitis or broken skin over the needle entry site would 
increase the risk for infection. 


Table 74.2 | Common Adverse Outcomes 





Complication Estimated Incidence (%) 
Postinjection flare 2-10 
Steroid arthropathy 0.8 
Tendon rupture < il 
Facial flushing <1 

Skin atrophy, depigmentation < il 
Iatrogenic infectious arthritis < 0.001-0.072 
Transient paresis of injected extremity Rare 
Hypersensitivity reaction Rare 
Asymptomatic pericapsular calcification 43 
Acceleration of cartilage attrition Unknown 





SOURCE: Gray RG, Gottleib NL. Intra-articular corticosteroids. An updated 
assessment. Clin Orthop Relat Res. 1983;(177):253-63. 


Consent: Because there are inherent risks and complications 
associated with corticosteroid injections, informed consent 
should be obtained, witnessed, and documented. 
Equipment: Most injections are performed using an alco- 
hol, chlorhexidine, or povidone-iodine wipe; some authors 
recommend a sterile scrub before injecting into a large joint 
(9,54). Sterile versus nonsterile gloves are another area of 
controversy; as a rule, the authors teach that sterile gloves are 
used for joints and nonsterile gloves may be used for soft tis- 
sue structures. Some advocate sterile gloves for all injections, 
whereas others prefer using the one sterile glove technique. 
In this technique, the physician wears the sterile glove on the 
noninjecting hand to ensure proper positioning after the 
local preparation. Finally, the “sterile no touch” technique 
may be employed as well, with only the needle touching 
the patient after preparation. Other equipment includes the 
following: 

E Povidone-iodine wipes and/or alcohol wipes 

Sterile or nonsterile gloves 

Sterile drapes: optional 


E 
E 
E 21- to 27-gauge 1.5-inches needles for injection 
E 


18- to 20-gauge needles for aspirations 
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1- to 10-cc syringes for injections 
3- to 50-cc syringes for aspirations 
Ethyl chloride surface coolant 

1% lidocaine 

0.5% bupivacaine 

2 X 2 gauze sponges 

Small dressings such as Band-Aids 


Access to equipment to treat severe allergic reactions: oxy- 
gen; epinephrine 1:1,000; Benadryl 25-50 mg intramural 
(IM); advanced cardiac life support (ACLS) equipment 
E Anesthesia: The three main uses of anesthesia include di- 
minishing pain, aiding in diagnosis, and providing a volume 
for corticosteroid injections. Although there are many lo- 
cal anesthetics, the two most commonly used are the amide 
compounds lidocaine and bupivacaine. 


E Recent studies have indicated evidence of chondrolysis 

in postoperative patients treated with continuous intra- 

articular bupivacaine (3,47). Because no minimum volume 
has been described, cautious use of intra-articular anesthetic 
is recommended until this risk has been clearly defined. 

E Lidocaine (Xylocaine) is available commercially as a 
0.5%-2% concentration. The most commonly used con- 
centration is 1%; 2% may be used in small areas where a 
small volume is required. Time from injection to onset of 
effect is 1-2 minutes, with duration of action of approxi- 
mately 1-2 hours. The upper limit of dosing is 10 mL for 
2% and 20 mL for 1%; above these levels, side effects can 
be expected. 


E Bupivacaine (Marcaine) is available commercially in 
0.25%-0.5% concentrations. Time from injection to 
onset of effect is 5-30 minutes, with duration of action 
of approximately 8 hours. The upper limit of dosing is 


Table 74.3 | Relative Potencies and Solubilities of Corticosteroids 


30 mL for 0.5% and 60 mL for 0.25%; above these levels, 
side effects can be expected. 


E Side effects including anaphylaxis can occur; resuscita- 
tion equipment should be available. 


E An alternative to a local anesthetic injection is topical 
ethyl chloride. When used, however, spray lightly to avoid 
cold injury and secondary skin changes. 


E It is recommended to draw the anesthetic prior to the 
corticosteroid with multiuse vials to limit anesthetic con- 
tamination by the steroid (“clear to cloudy”). 


Corticosteroids (54): Corticosteroids are commonly used 
in musculoskeletal medicine. The corticosteroid treats the 
local inflammatory response and not the clinical problem. 
Steroids have both mineralocorticoid and glucocorticoid ef- 
fects. The mineralocorticoid effects modify salt and water 
balance, while the glucocorticoid effect suppresses the in- 
flammatory response. The ideal choice is to use a medication 
that maximizes the anti-inflammatory effect. Steroids also 
differ in their solubilities, potencies, and duration of action 
(Table 74.3). The duration of the effect is thought to vary in- 
versely with the drug’s solubility. Shorter acting agents tend 
to have a lower incidence of postinjection flare. In general, 
higher solubility agents (e.g., betamethasone [Celestone], 
dexamethasone, and methylprednisolone) tend to be bet- 
ter for soft tissues, whereas lower solubility agents (e.g., tri- 
amcinolone hexacetonide) tend to favor joint injections. 
Selected dosing is found in Table 74.4. 


Alternative injections such as platelet-rich plasma, autologous 
blood, and prolotherapy are discussed elsewhere in this text. 


Technique 


E Patient: The patient should be in a comfortable position, 
preferably sitting or lying down. The most important 








Relative Anti-Inflammatory Equivalent Concentration 

Corticosteroid Potency Dose (mg) Solubility (mg- mL ') 
Short-acting 

Cortisone 0.8 25 NA 25, 50 

Hydrocortisone 1 20 0.002 25 
Intermediate-acting 

Triamcinolone 5 4 0.0002 20 

Hexacetonide 

Methylprednisolone 5 4 0.001 20, 40, 80 
Long-acting 

Dexamethasone 25 0.6 0.01 4,8 

Sodium phosphate 

Betamethasone 25 0.6 NA 6 





NA, not applicable. 


SOURCE: Genovese MC. Joint and soft tissue injection: a useful adjuvant to systemic and local treatment. Postgrad Med. 1998;103(2):125-34. 
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Table 74.4 | Recommended Corticosteroid and Lidocaine Dosages for Injections 





Site of Injection Dose of 1% Lidocaine (mL) Dose of Triamcinolone (mg) Dose of Betamethasone (mg) 
de Quervain 1-2 40 6 
Carpal tunnel 0.5-1 40 6 
Trigger finger 1 20 3 
Tennis elbow 0.5-1 40 6 
Subacromial space 6-8 40 6 
Glenohumeral 6-8 40-60 6-9 
Acromioclavicular 1-2 40 6 
Plantar fascia 1-2 40 6 
Anserine bursa 2-3 40 6 
Trochanteric bursa 4-5 40-60 6-9 
Intra-articular knee 4-6 40-60 6-9 
Morton neuroma 1-2 20-40 3-6 
Myofascial 1-2 NA NA 
Iliotibial band 1-2 20-40 3-6 
Ankle 2-3 40 6 





NA, not applicable. 
SOURCE: Stankus SJ. Inflammation and the role of anti-inflammatory medications. In: 
Boston (MA): Butterworth-Heinemann; 1999. 


aspect of the patient’s position, however, is that the physi- 
cian injecting is comfortable and can easily identify ana- 
tomic landmarks and administer the injection. 


Be prepared: Have all your equipment ready so that you 
can move quickly. Have your combination of steroid and 
anesthetic already drawn up and ready to go. Remember 
to use separate needles for drawing up different agents. 


Identify structure: Put the skin under traction and iden- 
tify anatomic landmarks. If needed, the skin can be 
marked with a fingernail, a retracted end of a ballpoint 
pen, or ink. 

Aseptic technique: The area may be cleansed with alco- 
hol, povidone, or betadine using nonsterile gloves. When 
entering a joint, a sterile prep may be used, but swabbing 
with betadine or other suitable antimicrobial prep is 
common practice. 


Local anesthesia: The practice of using a preinjection an- 
esthetic varies among practitioners. Some authors will 
only use local anesthesia when using needles larger than 
22 gauge. Prior to a joint preparation and injection, some 
providers will cleanse only with alcohol swabs and use li- 
docaine to raise a wheal and anesthetize the tract they are 
planning to inject. In those cases where no joint will be en- 
tered, the use of an assistant to give a quick spray of surface 
coolant prior to the introduction of the injection needle 
can provide pain relief. When using smaller gauge needles 
(22 gauge and higher), no subcutaneous anesthetic is also 
an acceptable choice because the same bore needle is often 
used when anesthetizing skin as for the actual injection. 


Lillegard WA, Butcher JD, Rucker KS, editors. Handbook of Sports Medicine. 2nd ed. 


E When performing diagnostic arthrocentesis, it is recom- 
mended to use local anesthetic to minimize the pain ex- 
perienced by the entrance of a larger bore needle through 
the skin and synovium (often 18 gauge). 


E Needle insertion: The needle should be an extension of 
the finger and inserted quickly and preferably perpen- 
dicular to the skin. When introducing the agent, aspirate 
first to ensure you are not in the artery or vein. Aspirated 
contents should be sent for appropriate analysis. The pa- 
tient should not complain of neurologic symptoms such 
as paresthesias; reposition needle if this occurs. 


E Delivering the steroid: The bolus technique may be used 
when entering a joint; there should be a free flow with no 
resistance. When injecting near a ligament or tendon, some 
authors recommend a peppering technique. When inject- 
ing in a tendon sheath, the ideal injection demonstrates a 
free flow of fluid that fills the sheath. Prior to injection, the 
patient can be asked to move the affected tendon, or an as- 
sistant can passively move the finger; if the needle moves, 
this suggests that the clinician is in the tendon, and the 
needle should be withdrawn slightly and repositioned. 


E Postprocedure care: Any postinjection pain can be relieved 
with ice or a short course of a nonsteroidal anti-inflammatory 
medication. The patient should be informed that the anti- 
inflammatory effect of the corticosteroid may not kick in for 
48-72 hours and that the anesthetic will quickly wear off. It 
is recommended that strenuous activity be avoided for a pe- 
riod of 10 days to 2 weeks following an injection. Rehabilita- 
tive exercise, however, may be commenced within 2-3 days. 
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Evidence-based medicine evaluation of steroid injections 
(9,40,54): There are currently conflicting or insufficient 
quality data to provide a definitive answer on the efficacy of 
steroid injections. With some injection locations, corticoste- 
roid may provide lasting relief, but with others, short-term 
or no relief has also been found. Available data regarding 
efficacy of corticosteroid injection are listed below for each 
injection site. The addition of image-guided injection may 
help improve efficacy as accuracy of injection improves. 
Where available, evidence regarding accuracy of palpation- 
guided injection is also included. 


SPECIFIC INJECTIONS 
(2,10,31,44,49,50,55) 





Subacromial Space 


Indications: For the relief of pain in subacromial impinge- 
ment syndrome 

Clinical anatomy/landmarks: Useful landmarks include the 
acromioclavicular (AC) joint, the posterior glenohumeral 
joint, and the posterolateral corner of the acromion. 
Technique: This injection is most easily accomplished with 
the patient in a seated position. The arm should be in a re- 
laxed, dependent position; the other arm may be used to pro- 
vide traction on the shoulder to be injected. The posterior 
edge of the acromion is palpated, with a recess identified in- 
ferior to this edge providing the portal for the injection. The 
needle is inserted bevel-up in a slightly cephalad angulation, 
pointed to the AC joint. If bony resistance is felt, the needle is 
most probably in the acromion, and the needle should be re- 
directed inferiorly. Insertion depth is approximately 1 inch. 
Alternate approaches such as the lateral, anterior, and AC 
joint approach can also be used. In the lateral approach, the 
lateral border of the acromion is palpated and the needle in- 
serted at a 30- to 45-degree angle just below the acromion. 
Depth is variable given the habitus of the patient. Anterior 
and AC access to the subacromial space will not be discussed, 
but see later discussion regarding accuracy. 

Needle size and dosage: One milliliter of corticosteroid in 
combination with 6-10 mL of long- and short-acting an- 
esthetics. A 22-gauge long 1.5-inch needle is recommended 
when injecting a large volume. 

Accuracy (23,36,39,65): 70%—80% accurate in unguided in- 
jections. There is conflicting evidence regarding location of 
injection, with some favoring posterolateral approach (23,35) 
and others indicating no difference between techniques (39). 
Additionally, other structures are infiltrated such as rotator 
cuff tendons, deltoid, and ligamentous structures. 

Efficacy: Short-term (2 weeks—2 months) improvement in 
pain symptoms and function has been reported (7,20). Con- 
flicting evidence is present regarding efficacy with improved 
accuracy (12,16,17). 


Glenohumeral Joint 


Indications: Inflammatory or degenerative arthritis, adhe- 
sive capsulitis 

Clinical anatomy/landmarks: Posterior approach: coracoid 
process, humeral head, and the acromion process of the 
scapula. Anterior approach: coracoid process, humeral head, 
acromion. 


Technique: Posterior approach: The seated position is most 
comfortable for this injection. The coracoid process is iden- 
tified inferomedial to the AC joint, with the anterior gleno- 
humeral joint inferior to the coracoid and appreciated by 
internally and externally rotating the shoulder. At the same 
time, the posterior glenohumeral joint can be appreciated. 
The technique is the same as the subacromial injection; how- 
ever, the needle is now aimed to the coracoid process. The 
depth of penetration is approximately 1 inch. Anterior ap- 
proach (54): Patient placement is the same as the posterior 
approach. Landmarks are identified, and the needle is placed 
medial to the head of the humerus and just lateral to the cor- 
acoid process. The needle is directed slightly superiorly and 
laterally. If bone is encountered, needle is redirected. Depth 
is variable depending on body habitus. 

Needle size and dosage: A 22- to 25-gauge 1.5-inch needle 
is recommended; 1-2 mL of corticosteroid can be combined 
with 5-10 mL of anesthetic. 

Accuracy: Variable success with palpation-guided injections. 
Accuracy ranges from 24% to 99% anteriorly (46,52) and 
50% posteriorly (59,28,52). 

Efficacy: Improvement is seen in adhesive capsulitis patients 
with corticosteroid injection, but limited data exist for de- 
generative disease in palpation-guided injections (7,8,17,33). 
Some authors have found that improved accuracy may im- 
prove pain relief (19). 


Acromioclavicular Joint 


Indications: AC degenerative disease 

Clinical anatomy/landmarks: Important landmarks are the 
clavicle and acromion. The AC joint can be conveniently lo- 
cated by abducting the shoulder. 

Technique: The injection is conveniently administered by 
having the patient in a seated position. The injection is most 
easily accomplished by coming from above with the needle 
directed inferiorly. An insertion depth of 3/8—-1/2 inch is 
required. A preinjection radiograph of the angle of the AC 
joint can be useful. 

Needle size and dosage: 0.5- to 1-inch 25-gauge needle is 
appropriate; 0.5 mL each of anesthetic and corticosteroid are 
adequate. 

Accuracy: Small studies indicate surprisingly low degrees of 
accuracy with palpation-guided injection (6,45). 

Efficacy: Limited small studies advocate use of intra-articular 
corticosteroid for AC degenerative changes (25). 
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Lateral Epicondylitis 


Indications: Lateral tennis elbow that fails to improve with 
conservative therapy. 

Clinical anatomy/landmarks: Key landmarks include the 
radial head, appreciated by pronation and supination of the 
elbow, and the humeral lateral epicondyle. The most com- 
mon location of tennis elbow is at the extensor carpi radialis 
brevis origin, which is one fingerbreadth inferior and medial 
to the lateral epicondyle. 

Technique: The injection can be administered in a su- 
pine or seated position. If seated, the elbow should be 
comfortably resting at 90 degrees with the forearm supi- 
nated. The area of maximal tenderness is identified, and 
the needle is inserted at an oblique angle to infiltrate the 
soft tissues over the extensor aponeurosis. There should 
be little resistance to the injection; if encountered, the 
needle should be withdrawn until there is little resis- 
tance to flow. Some authors advocate for a “peppering” 
technique (1,13). 

Needle size and dosage: A 1-inch 25-gauge needle is rec- 
ommended; 0.5 mL of corticosteroid should be mixed with 
1-2 mL of anesthetic. 

Efficacy: Short-term limited benefit noted (4,17) with 
corticosteroid. 


De Quervain Tenosynovitis 


Indications: This disorder is caused by an inflamma- 
tion and swelling of the tendons of the abductor polli- 
cis longus and the extensor pollicis brevis at the level of 
the radial styloid process. Patients who fail to improve 
with NSAIDs and wrist support may be candidates for an 
injection. 

Clinical anatomy/landmarks: The anatomic snuffbox is the 
anatomic landmark. The anterior border is the first dorsal 
compartment of the wrist (abductor pollicis longus and ex- 
tensor pollicis brevis), and the posterior border is the exten- 
sor pollicis longus tendon. 

Technique: This injection can be done in the seated or su- 
pine position, with the wrist in a vertical position, resting 
over a folded towel, with the thumb flexed. The point of 
maximal tenderness is identified, which is generally over the 
radial styloid. The needle is inserted bevel-up, directed in 
an oblique, cephalad angle, nearly parallel to the tendons. 
If the gap between the two tendons can be appreciated, the 
needle should be placed in this gap. When the needle is ap- 
proximately 1/4 inch, an attempt should be made to aspi- 
rate, and then gently push the plunger. If there is resistance, 
the needle should be withdrawn slightly and the process 
repeated. 

Needle size and dosage: 0.5- to 1-inch, 25- to 27-gauge nee- 
dle; 0.5 mL of anesthetic and 0.5 mL of corticosteroid 
Efficacy: Limited studies but considered effective treatment 
(41,54). 
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Carpal Tunnel Syndrome 


Indications: Carpal tunnel syndrome 

Clinical anatomy/landmarks: Key landmarks include the 
palmaris longus and flexor carpi radialis tendons, the distal 
wrist crease, and the median nerve. The median nerve lies 
deep to and between the tendons of the palmaris longus and 
the flexor carpi radialis at the wrist. 

Technique: The injection can be given in the supine position 
or the seated position. The dorsum of the hand should rest on 
a folded towel. The needle is inserted just proximal to the dis- 
tal wrist crease at a 45-degree angle just ulnar to the palmaris 
longus and angled toward the index finger. The needle may 
be felt to pop through the dense transverse carpal ligament. 
If pain or paresthesias are reported in the palm or fingertips 
during needle placement, the needle should be withdrawn 
and reangled prior to reinsertion. Free flow of solute is re- 
quired to ensure that a tendon is not injected inadvertently. 
Depth of penetration should be approximately one-half inch. 
Needle size and dosage: A 25- to 27-gauge needle may be used, 
with 0.5 mL of steroid and a similar dose volume of anesthetic. 
Efficacy: Found to be effective in short term but limited 
studies (26,34,43). 


Trigger Finger 


Indications: Trigger finger/stenosing tenosynovitis 

Clinical anatomy/landmarks: The key landmark is the first 
annular pulley. This condition is secondary to an inflamma- 
tion and swelling of the flexor tendon of the flexor digito- 
rum superficialis. Repetitive irritation leads to a nodule in 
this tendon, which becomes obstructed as the nodule passes 
beneath the pulley, which is proximal to the metacarpopha- 
langeal (MP) joint. 

Technique: The patient may be administered the injection 
in the seated or supine position. The site for the injection 
is the distal palmar crease, just proximal to the MP joint. 
The needle is inserted bevel-up, directed at an oblique angle 
parallel with the tendon, toward the fingertips. When an in- 
crease in resistance is felt, at approximately 1/4-inch depth, 
the plunger should be gently pushed. If there is resistance, 
the needle may be in the tendon, and the needle should be 
slightly withdrawn, aspirated, and reinjected. 

Needle size and dosage: A 25- to 27-gauge needle may be used; 
a preparation of 0.5 mL of corticosteroid with 0.5 mL of anes- 
thetic can be mixed, with half to all of this suspension injected. 


Efficacy: Recent Cochrane review found efficacy in adults (42). 


Trochanteric Bursitis 


Indications: Recalcitrant trochanteric bursitis 

Clinical anatomy/landmarks: The key landmark is the 
greater trochanteric prominence; most bursitis is posterosu- 
perior to this prominence. This prominence is best appreci- 
ated with the patient in a lateral decubitus position. 
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Technique: The point of maximal tenderness is palpated. 
The needle should be inserted perpendicular to the skin and 
slowly advanced to the greater trochanter; depth of penetra- 
tion may vary from 0.5-1.5 inches (up to 4-5 inches if there 
is significant adipose tissue). If paresthesias are appreciated, 
the needle should be withdrawn and reinserted laterally. 
Once bone is appreciated, the needle should be slightly with- 
drawn, aspiration should be performed, and then gentle pep- 
pering of the bursa is performed. 

Needle size and dosage: A 21- to 23-gauge needle, 1.5 inches 
long, should be used; 1 mL of corticosteroid with 3-5 mL of 
local anesthetic should be used. 

Efficacy: Small trials of palpation-guided corticosteroid in- 
jection indicate it is a safe and effective treatment (48,54). 


Knee Joint 


Indications: Inflammatory or degenerative arthritis, aspira- 
tion of joint fluid 

Clinical anatomy/landmarks: Patellar tendon and medial 
and lateral joint lines 

Technique: Injections are most easily administered through 
the lateral joint line recess just lateral to the patellar tendon. 
This injection can be accomplished in the seated position or 
in the supine position with the knee flexed to approximately 
90 degrees. The portal for injection should be identified as 
lateral and inferior to the patellar tendon border at the level 
of the joint line. The needle is directed toward the center of 
the knee, medially, posteriorly, and slightly cephalad. Depth 
of insertion is approximately 1 inch. One should be careful to 
ensure needle clearance of the fat pad and avoid injecting the 
anterior cruciate ligament; there should be a free flow to the 
injection, with any resistance prompting needle repositioning. 
An alternative injection but common technique is to inject the 
patient in the supine position in the suprapatellar space. This 
space is most commonly reached by identifying a portal one 
fingerbreadth superior and one fingerbreadth lateral to the 
superolateral aspect of the patella. Multiple other locations 
have been proposed and studied (see accuracy below). 
Needle size and dosage: A 22- to 25-gauge, 1.5-inch needle is 
recommended; 1 mL of corticosteroid should be mixed with 
2-3 mL of anesthetic. 

Accuracy: Several small studies have shown variable out- 
comes. Lateral mid-patella is favored over anteromedial or 
anterolateral lateral with accuracy of 93% (27), with another 
recent study (15) showing similar results (56% with medial 
mid-patella, 85% with all others). 

Efficacy: Short-term benefit reported in multiple studies/ 


reviews for corticosteroid injection for osteoarthritis of the 
knee (5,24). 


lliotibial Band Syndrome 


Indications: Recalcitrant iliotibial band friction syndrome at 
the knee 


Clinical anatomy/landmarks: The key landmark is the lat- 
eral femoral epicondyle, which is the site of repetitive irrita- 
tion. The bursa lies deep to the iliotibial band just above the 
lateral condyle of the femur. 

Technique: The injection may be performed in a seated po- 
sition or in a lateral decubitus position. The knee should be 
flexed to 90 degrees, and the maximal point of tenderness 
identified; the intent is to inject between the epicondyle and 
the iliotibial band. The skin is entered to the point of maxi- 
mal tenderness and angled posteriorly and slightly medially. 
The needle is inserted to a depth of 1/4—3/8 inch just above 
the periosteum. If bone is contacted, withdraw the needle 
very slightly, aspirate, and then inject. Additionally, it is im- 
portant not to inject the iliotibial band itself; if resistance is 
felt with injection, withdraw, redirect the needle, aspirate, 
and inject. 

Needle size and dosage: A 25- to 27-gauge, 1-inch needle is 
recommended, with 0.5 mL of corticosteroid with 0.5-1 mL 
of anesthetic. 

Efficacy: There are limited data indicating improvement at 
2 weeks with corticosteroid injection (14,21). 


Pes Anserine Bursitis 


Indications: Pes anserine bursitis 

Clinical anatomy/landmarks: Medial aspect of the proximal 
tibia, where the sartorius, gracilis, and semitendinosus insert. 
The pes is identified by making the patient strongly flex the 
knee against resistance. The bursa is found as an area of ten- 
derness deep to the insertion. 

Technique: This injection can be administered in the supine 
or seated position; the authors prefer the seated position. 
The objective of the injection is to slip the needle between 
the tibia and the pes tendons. The skin should be entered just 
lateral to the point of maximal tenderness, with the needle 
angled posteriorly and medially. Depth of insertion is ap- 
proximately 1/4 inch. If resistance is felt with the injection, 
withdraw, redirect the needle, aspirate, and inject. 

Needle size and dosage: A 25-gauge needle, 1 inch long, is 
recommended, with 0.5 mL of corticosteroid and 0.5-1 mL 
of anesthetic. 

Efficacy: Limited studies. May need accurate diagnosis by ul- 
trasound for improved efficacy as referred pain from medial 
compartment arthritis also presents at pes anserinus (66). 


Ankle Joint 


Indications: Diagnostic injection for synovitis; chronic cap- 
sulitis. Can be used to treat soft tissue impingement. 
Clinical anatomy/landmarks: There is a readily identifiable 
hollow between the medial malleolus and the articulation 
between the tibia and the talus. This area is readily located 
just medial to the anterior tibial tendon. 

Technique: The patient may be seated or lying supine with 
a towel beneath the knee. Distraction of the ankle can be 


CHAPTER 74 


accomplished by an assistant. The skin is entered just me- 
dial to the anterior tibial tendon in the anteromedial recess; 
depth of insertion is approximately 0.5—1 inch. 

Needle size and dosage: A 25-gauge needle, 1-1.5 inches 
long, may be used; 0.5 mL of corticosteroid may be injected 
with 3-5 mL of anesthetic. 

Accuracy: 77%—100% using either anteromedial or antero- 
lateral approach (22,30,64). 

Efficacy: Improvement is short term as with other intra-ar- 


ticular injections. Pain relief at 2 months may predict long- 
term benefit (61). 


Plantar Fascia 


Indications: Recalcitrant plantar fasciitis 


Clinical anatomy/landmarks: Key landmarks include the 
medial calcaneal tubercle and the junction between the skin 
of the sole of foot and the skin of the lower extremity. 


Technique: This examination is best administered with the 
patient in the supine position. The needle is inserted medial 
to lateral toward the point of maximal tenderness, which is 
generally at the plantar insertion into the medial calcaneal 
tubercle. Avoid injecting through the plantar fat pad be- 
cause this may induce fat pad atrophy. If pain is felt radiating 
across the heel or into the arch or there is excessive resistance, 
withdraw, change the angle slightly, and reinsert. 

Needle size and dosage: A 25- to 27-gauge needle, 1—-1.5 inches 
long, may be used; 1 mL of corticosteroid may be injected with 
1-2 mL of anesthetic. 

Efficacy: Effective in short term, but outcome long term may 
be improved with ultrasound guidance (11,57). Harms may 
outweigh benefits of corticosteroid injection (32). 


Morton Neuroma 


Indications: Morton neuroma is thought to be the result of 
perineural fibrosis of an interdigital nerve. 


Clinical anatomy/landmarks: Key landmarks are the meta- 
tarsal heads. 


Technique: The point of maximal discomfort should be 
identified between the metatarsal heads; the neuroma is typi- 
cally between and slightly plantar to the metatarsal heads. 
The patient should be placed in the supine position with a 
pillow under the knee so that the foot can be slightly plan- 
tarflexed. The nerve is approached from a dorsal approach, 
with the needle entering between the metatarsal heads, ad- 
vanced perpendicular through the transverse tarsal ligament. 
The depth of insertion is approximately 0.5 inch. A giving 
way can be felt as the needle passes through the ligament. 
Needle size and dosage: A 25-gauge 1-inch needle is appro- 
priate; 0.5 mL of corticosteroid is mixed with 1-2 mL of local 
anesthetic. 


Efficacy: A recent small study indicated short-term improve- 
ment with ultrasound-guided corticosteroid injection (34). 
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Myofascial Trigger Points 


Indications: Diagnosis and treatment of myofascial trigger 
points 

Clinical anatomy/landmarks: Dependent on location of 
trigger points; knowledge of local anatomy is recommended, 
as well as knowledge of common trigger point sites and their 
referral patterns. 


Technique: Trigger points are often palpable as fusiform 
firm nodules running parallel to the fibers in a muscle. The 
nodule should be identified and trapped with the fingers of 
the nondominant hand. After a sterile preparation, the skin 
is penetrated in a perpendicular fashion with the needle into 
the center of the trigger point. Occasionally, a local twitch re- 
sponse may be noted where the muscle twitches as the center 
of the trigger point is entered. 

Needle size and dosage: A 25- to 27-gauge needle, 1-1.5 inches 
long, is used; 1-5 mL of anesthetic is used for injection. 


Efficacy: Unclear (51,56) 
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FOOTWEAR 





E The goal of this chapter is to educate clinicians on current 
footwear design, to enable them to select beneficial aspects 
of footwear as part of a patient’s comprehensive rehabilita- 
tion plan. Most of what is known and prescribed with regard 
to footwear recommendations is based on “running lore” 
and the rapidly changing footwear model revisions driven 
by industry. There has been very little independent research 
done to prove or disprove footwear claims, and the lack of 
prospective footwear studies limits our knowledge base. At 
the time of this writing, there is a revolution in footwear 
design by most manufacturers due to elevated interest in 
this field as well as the recent focus on barefoot and minimal 
shoe design. Clinicians will have better results recommend- 
ing types of shoes based on construction and features over 
specific model designations. 

E The basis of overuse injury risk lies within the balance of 
intrinsic and extrinsic factors. Running shoes are a modifi- 
able extrinsic factor. To assess proper footwear selection, the 
athlete’s intrinsic factors (alignment, stability, flexibility, and 
imbalances) must be assessed to determine the best func- 
tional outcome (60). 

E Despite the lack of conclusive data on how to best match 
the runner to shoe type, shoe design clearly has an effect. 
Running mechanics can be influenced by shoe midsole 
stiffness/geometry as demonstrated in studies where sub- 
jects ran in shoes with varied specific stiffness/geometry 
(30,51,57,58,72,77). 

E Incorrect footwear choices can exacerbate or cause lower 
extremity dysfunction, while ideal footwear can help in pre- 
vention or even speed healing due to decreased tissue stress 
on impaired structures (4,33,57,70,81,89). 

E The goal of any shoe/foot interface is to allow shock attenua- 
tion and functional stability about the foot’s three-dimensional 
motions of pronation and supination throughout the stance 
phase of gait and provide a proper support for the propulsion 
phase of the gait cycle (4). 


Shoe Construction and Anatomy 


E Upper — Usually made of highly breathable fabric to minimize 
heat buildup. May be reinforced by Gore-Tex or similar fabric 
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for water resistance. Typically includes a heel counter — plastic 
molding wraps around the heel that are thought to control 
pronation at the rear foot. Achilles tab cutouts in the rear can 
be used to decrease friction on the Achilles complex. 

Lacing — Various lacing techniques are available to mini- 
mize pressure or increase stability and tension on the foot. 
Midsole — Functional part of the shoe. The midsole is usu- 
ally made up of a mixture of ethyl vinyl acetate (EVA) and 
polyurethane. EVA has the advantage of being light in weight 
and available in multiple densities so that the manufacturer 
can manipulate the amount of support for a given shoe type. 
Polyurethane is heavier but longer lasting. Most shoes use 
a combination of the two to achieve the desired balance 
between weight and cushioning. Most shoe companies have 
developed a trademark insert such as Air, Gel, Grid, Hydro 
Flow, Torsion, Roller Bar, Wave, or Adeprene. Their goal is 
to provide cushioning, dissipate stress, and increase dura- 
bility, while keeping weight low. Increased density materials 
are commonly used on the medial aspect of the stability and 
motion control midsoles in an attempt to control pronation. 
Lastings — The lasting sits on top of the midsole and is glued 
or stitched depending on the stability requirements. The fol- 
lowing are types of lastings: board — increases torsional 
rigidity; slip or California — favors cushion and flexibility; 
combination — board last rear, slip last in the forefoot. 
Insole or sock liner — Thin layer of cushion material, mostly 
to smooth the surface of the foot. The insole does not provide 
any functional stability to the shoe and usually breaks down 
in its cushioning properties with 1 week. This is removed if 
the individual uses orthotics or over-the-counter inserts. 
Outsole — Most current shoe models are a mixture of car- 
bon rubber for firm support and durability and blown rub- 
ber, which is softer and provides increased cushioning. Flex 
grooves in the outsole influence how the midsole deforms 
during loading (more flex grooves yield a more compressible 
midsole). 

Last or shape — This is different from the lasting and is not 
a separate component of the shoe, but the design shape on 
which the shoe is built. A straight last will provide more 
contact for a flatter foot and may increase torsional rigidity 
of the shoe, whereas a curved last will better fit the shape 
of a higher arched foot while decreasing torsional rigidity. 
A semi-curved last is a popular shape for the top-selling sta- 
bility category of shoes and has elements of both. 


Geometry — The angle of the posterolateral aspect of the 
shoe (heel bevel angle) is typically beveled (reduced) or even 
increased to vary the lever arm of the shoe. The toe spring 
refers to the flex placement of the forefoot. 


Common Descriptors of the Five Shoe 
Types (25) 


Motion control: Board lasting, dense midsole, straight last, 
rear and forefoot postings, for overpronators and heavy 
runners 

Stability: Combination last, semi-curved shape, dense mid- 
sole, usually only rearfoot posting, usually forefoot cushion, 
for mild pronators and light runners 

Cushion: Slip lasting, soft midsole, curved shape last, cush- 
ion in the heel and forefoot, mostly for supinators 

Trail: Usually a stability shoe for increased support on uneven 
surface; carbon rubber for additional durability 


Racing flats: Light thin midsole with little to no posting 


Shoe Selection 


Shoe selection for an individual athlete is an art, because the 
literature is limited in its ability to assist providers. In light of 
the lack of evidence-based information to assign shoe type to 
a runner, clinicians have traditionally used foot type to guide 
shoe prescriptions. Although the efficacy of this approach in 
either reducing or mitigating injury has not been demon- 
strated, this technique remains one of the most commonly 
used strategies in the United States. 


Traditional beliefs about shoe selection use three different 
shoe categories (cushioned, stability, and motion control) 
for each respective foot type (cavus, neutral, and planus foot 
type). This hierarchy is widespread among shoe manufactur- 
ers, media, stores, and clinicians. 

This type of shoe prescription can be done using objective 
tests such as navicular drop or arch index, or more subjec- 
tively using the wet foot test, during which the athlete, with 
a wet foot, steps across an absorbent surface to observe the 
high or low arch alignment of the foot. 

Foot structure plays a significant role in the quantity of force 
transmitted to bone and soft tissues (4). The rigid arch of a 
cavus foot, while stable, passes on a significant amount of 
stress up the kinetic chain (4). Thus, traditionally, cavus foot 
types are shod with a curved shaped last with slip lasting, a 
soft midsole, and no medial posting (25,73) with a goal to 
increase shock absorption. Conversely, the flexible or planus 
foot dissipates considerable vertical force loads inside the foot 
structure and is commonly thought to benefit from additional 
stability control from the shoe (4). Planus feet are tradition- 
ally shod with a straight last, board lasting, firm heel counter, 
multidensity midsole, and medial heel posting (25,73). 

In this traditional approach, the athlete’s foot type 
should guide your recommendation toward the ideal last 
configuration with the goal of increasing shock absorption 
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of the cavus (high) hypomobile arch, increasing stability of 
the planus (low) arch, or promoting the mechanics of the 
neutral foot. 

Despite their wide use, these current conventions for assign- 
ing stability categories are likely simplistic and are not suc- 
cessful in preventing pain and injury in runners (74,87). 

A critical look at the literature reveals that the clinical ef- 
ficacy of typical running shoe construction (elevated heel 
height with pronation control systems) is not as commonly 
accepted. Their effect on running injury rates, enjoyment, 
performance, osteoarthritis risk, physical activity levels, and 
overall athlete health and well-being remain unknown, and 
they may in fact have potential to cause harm. The prescrip- 
tion of shoe categories to runners is not evidence based (67). 


Peak pronation in the running gait cycle occurs after heel off 
(20). Thus, at the time of maximum foot deformation, pro- 
nation control systems used in typical running shoe designs 
are not in contact with the ground to limit foot pronation. 


In light of the lack of evidence-based information to assign 
shoe type to a runner, the clinician is encouraged to combine 
clinical evaluation of a runner’s structural alignment, flex- 
ibility, and intrinsic muscular stability with dynamic walk- 
ing and running assessments to identify the runner’s unique 
needs regarding footwear. Once the runner’s individual 
needs have been identified, the clinician can recommend 
footwear that contains specific design aspects for that run- 
ner’s needs. 


The experience of the runner with their current footwear is 
valuable. If they have had success with a given shoe, continue 
its use, or suggest other brands/models within a specific cat- 
egory to improve comfort. Different models feature subtle 
differences in construction/shape that may fit the individu- 
al’s foot contour better. A subjective impression of improved 
comfort yields improved function with the individual’s foot. 


What to Look for When Buying Shoes 


Athlete structural alignment, flexibility, and muscle control 
Weight: Typical running shoes are made for a 160-lb male 
and a 125-lb female. Runner weight significantly above or 
under this range may impact selection or longevity. 
Lightweight shoes: It is speculated that there is energy savings 
from lighter shoes. 

Previous pathology and wear patterns 

Try on shoes in early evening due to the foot swelling during 
the day. 

One-half inch between longest toe and the shoe 

Check to ensure that the flex point of the toe spring is under- 
neath the metatarsal heads. 

Adequate width (most shoes are a size D). A wide toe box 
allows the forefoot to spread out during contact. Narrow 
shoes limit this normal motion of the foot and may alter 
foot shape. 

If using orthotics for stability purposes, use board or California 
lasting to provide a stable base for the orthotic. 
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Principles of Rehabilitation 


Arch cookies should not be used to make up for poor fit 
because the arch is not a weight-bearing part of the foot. It 
should be allowed to move as needed. 


Barefoot Running and Minimal Footwear 
Design 


Recent work has highlighted the differences between barefoot 
running and shoes. Barefoot running typically results in a 
more plantarflexed ankle at contact and reduction/elimination 
of the impact peak component of the ground reaction force 
(GRE) and a decreased loading rate (39,46,80). 

Barefoot running results in a shorter stride length and 
increased cadence compared to shod running (39,80). These 
temporal spatial changes in stride length act to lower joint 
torques across the board, but they do not alone explain the 
significant decrease in hip rotation, knee varus, and sagittal 
plane knee torques (39). 

The previously discussed studies do not clearly state that bare- 
foot is “better” than shod running, but that shoes allow the 
runner to adopt a gait style that is different from barefoot and 
potentially shift stresses to the body in the wrong direction (19). 


There is an emerging category of “natural running” shoes 
that feature minimal heel-toe drops (typically ~0-4 mm) 
to achieve a contact style more similar to barefoot running 
(forefoot/midfoot) than the heel contact style observed in 
traditional elevated heel shoes (18,80). 


New “natural running” shoes feature firmer midsoles to im- 
prove proprioceptive feedback to maximize the elastic recoil 
of the body’s connective tissues. 


Traditional running shoes are built with a 2:1 ratio, where 
the rearfoot is twice as high as the forefoot. This impacts 
contact style and muscle activation. Heel elevation during 
stance places the ankle joint in a position where propriocep- 
tion is inherently poor (76). Further, this translates loading 
toward the forefoot, which creates a quadriceps-dominant 
firing pattern above the gluteus maximus, which results in 
postural changes in the runner (75). 


Supporters of existing footwear design argue that reducing 
the heel heights of existing shoes would spark a number of 
lower leg (specifically Achilles) injuries. However, several 
studies have shown no decrease in stress to the Achilles with 
elevated heel shoes, with one study finding an increase in 
injuries with elevated heels (21,37,66). 


Special Considerations 


Midsole characteristics are the primary determinant of the 
rate of loading imposed during initial ground contact (50). 
Midsole stiffness has a marked effect on proprioception, 
illustrating that peripheral sensory information is a variable 
in performance (42). 

Too much cushioning causes the runner to land with in- 
creased limb stiffness and can lead to instability due to less 
proprioceptive feedback for stability (4,8). 


Shoes with a softer durometer midsole allowed significant- 
ly increased pronation and total rearfoot movement when 
compared to medium or hard midsoles (12). 


Functional stability of the foot requires effective muscle con- 
traction, coordination, and firing patterns. Fatigued muscle 
firing patterns cause increased peak strain on the lower 
extremity, thus leading to injury. Patellofemoral pain syn- 
drome, osteoarthritis, iliotibial band syndrome, and tibial 
stress syndrome have been linked to abnormal muscle firing 
patterns (1,4,35,38,78). 

Proper footwear has been shown to increase internal stability 
and decrease onset time to achieve stabilization in the low 
back via postural changes (61). 


Race flats and spikes: GRFs have been found to increase in 
race flats and spikes as compared to traditional running 
shoes. Thus, runners should adopt a gradual transition into 
race footwear prior to competition season to allow the body 
to acclimate to the increased stress (47). 


Durability: Expect 300-500 miles or 3—6 months out of a pair 
of shoes prior to midsole break down. Midsoles lose 40% of 
their cushioning ability after 400-500 miles (65). Look to 
purchase new shoes when the midsole shows signs of com- 
pression, the outer sole shows signs of wear, or injury rate 
increases. 


Shoe wear adaptations: Running in worn shoes caused in- 
creased stance time and kinematic adaptations but did not 
change force variables, suggesting that as shoe cushioning 
decreases, runners modify their patterns to maintain constant 
external loads (41). 


Footwear cost: Low- and medium-cost running shoes in three 
brands tested provided the same (if not better) cushioning of 
plantar pressure as high-cost running shoes (13). 


Despite claims, no manufacturer has successfully achieved 
energy return to the runner. Shoemakers have made func- 
tional gains in minimizing energy lost through lightweight 
alterations in materials (82). 


Results of the majority of footwear studies apply to run- 
ners using a heel contact style. However, between 25% and 
53% of runners do not use a heel contact style. High in- 
trasubject variability in running pattern warrants further 
investigation (41). 

Increases in ankle stability due to structural support and 
high collars have not been supported. However, a firm mid- 
sole will provide benefits in tactile sensitivity and proprio- 
ception, which increase foot position awareness and decrease 
time to initiation of intrinsic muscles (5,69) 


The market continues to drive shoe trends. Current research 
does not indicate definitive benefits to specific shoe con- 
struction in those with a specific foot type or injury diagno- 
sis. Changes in shoe construction induce alterations in gait 
pattern that vary from a barefoot running gait (42,57,89). 
This net effect makes it tough to discern whether the ben- 
efits are attributed to proprioceptive feedback to the runner 
or true shifts in biomechanical force as applied through the 


shoe. Prospective research into the effects of specific foot- 
wear components is needed to examine footwear’s true effect 
on injury and performance in the running athlete. 





ORTHOTICS 





Prescription custom foot orthoses are frequently used as part 
of a management strategy for the treatment of various lower 
quarter injuries in the athlete (79,86,90). 

Significant success treating many common lower quarter 
injuries with orthotic intervention has been demonstrated 
with multiple frequently referenced classic studies. James 
et al. (36) reported that 78% of runners were able to return 
to prior level of running following a knee injury with or- 
thotic management. Donatelli et al. (22) reported that 96% 
of patients with knee pain, ankle pain, shin splints, or chon- 
dromalacia experienced pain relief and 70% were able to 
return to prior level of activity. Gross et al. (27) reported that 
76% of long-distance runners had complete recovery or sub- 
stantial improvement in a variety of lower quarter injuries 
with orthotic management. More recently, both Nigg et al. 
(56) and Nawoczenski et al. (54) agree that at least 70% of 
runners with lower extremity symptoms will show symptom 
reduction with orthotic use. 


Goals of Orthotic Management 


The classic balanced foot orthosis is aimed to allow the sub- 
talar joint to function near and around its neutral position 
by maintaining the angular anatomic relationships of the 
forefoot to the rearfoot and the rearfoot to the ground and 
to control functional pathomechanics in the lower quarter. 


An orthotic device should alter foot function with the ex- 
pectation that it will control excessive movement of the foot 
through the stance phase of gait, through stimulation of the 
somatosensory system, to promote overall biomechanical 
efficiency and reduce abnormal tissue stress (14,48). 


Indications/Effects 


Numerous clinicians and authors have proposed various in- 
dications for the rationale to prescribe custom biomechanical 
foot orthoses. 


Support and correction of rearfoot and forefoot intrinsic 
deformities 


Reduce the frequency of lower quarter injuries, by altering 
applied tissue stresses (22,27,36) 

Support or control range of motion (43,48,54,64) 
Treatment of postural dysfunction caused by foot abnor- 
malities (7) 

Improve sensory feedback and proprioception (7,48,53,56) 


Dissipate pathologic GRFs and improve shock absorption 
(43,56) 
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E Improve neuromuscular responses (43,55,56) 
E Redistribute plantar weight-bearing forces (23,48) 


E Improve lower extremity biomechanics/kinematics: 


E Decrease amount of pronation, reduce maximal veloc- 
ity of pronation, reduce time to maximal pronation, and 
decrease total rearfoot motion (40,48,59) 


E Significant orthotic effects shown for rotation from heel 
contact to peak tibial internal rotation and in the cou- 
pling relationship between tibial transverse rotation and 
calcaneal inversion/eversion (54,85) 

Electromyography changes: A recent systematic review con- 

cluded that foot orthoses increase activation of the tibialis 

anterior and peroneus longus and may alter lower back mus- 
cle activation. However, there were substantial limitations 
in the data presented in the majority of studies reviewed 

(52,53). 

Prevention: A recent systematic review concluded that a few 

studies showed moderate or large beneficial effects of orthot- 

ics in preventing injuries. Customized semirigid orthotics 
have moderate to large beneficial effects in treating and pre- 
venting plantar fasciitis and posterior tibial stress fractures 
and small to moderate effects in treating patellofemoral pain 
syndrome (34). 


Kinematic/kinetic changes: A recent study by MacLean et al. 
(49) concluded that, in a group of runners, custom foot or- 
thoses influenced several variables during the loading phase. 
The study revealed significant decreases in vertical loading 
rate, maximum rearfoot eversion velocity, and ankle inversion 
angular impulse during the loading phase with custom foot 
orthosis intervention. All of these variables occur in the initial 
50% of the stance phase and have been associated with running 
injuries (49). Kinematic studies have reported small changes 
in foot and lower extremity rotation patterns that may initially 
seem inconsequential, but when considered over time and rep- 
etition, even these small changes may have a positive impact. 


Clinical Conditions 


E Patellofemoral pain syndrome: A recent systematic re- 


view summarized the evidence for the benefits of orthoses 
in patellofemoral pain syndrome. Limited evidence exists 
for greater improvements, with short-term improvements 
and patient perceived success with prefabricated orthotics. 
Limited evidence also exists that combining physical thera- 
py and orthotics improves short- and long-term functional 
outcomes (6). 


Plantar fasciitis: A recent meta-analysis concluded that or- 
thotic intervention provides short-, intermediate-, and long- 
term improvements in pain and foot function (45). A recent 
Cochrane review concluded that there is silver-level evidence 
for the use of orthotics for treatment of plantar fasciitis (31). 
Posterior tibial tendon dysfunction: Orthotic management 
has been described for all four stages based on progressive 
deformity and loss of forefoot/rearfoot flexibility (3,62). 
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A recent review concluded that there appears to be a general 
consensus in the literature to employ orthotic therapy in the 
treatment of posterior tibial tendon dysfunction (9). 


Lower quarter stress fracture: Conflicting evidence exists 
for the use of orthotics in the prevention and management 
of stress fractures. However, studies using various orthotic 
devices have been shown to decreased incidence of metatarsal, 
tibial, and femoral stress fractures, with shock-absorbing ma- 
terials as a primary component of the device (22,24,27,31,45). 
A recent Cochrane review concluded that shock-absorbing 
inserts reduce the incidence of stress fractures (71). 


Medial tibial stress syndrome: A recent review of the litera- 
ture concluded that there is some evidence for effective pre- 
vention of shin splints involves the use of shock-absorbing 
insoles. Previous reports have demonstrated significant clini- 
cal success treating shin splints with various orthotic devices. 
The American College of Foot & Ankle Orthopedics & Medi- 
cine’s position statement is that custom foot orthoses can be 
used to treat the symptoms of shin splints and stabilize the 
etiology that causes the condition (9,22,27,36,62,84). 


Pes cavus: Two recent Cochrane reviews investigated orthot- 
ic management in the cavus foot type. One study concluded 
that custom-made foot orthoses were significantly more 
beneficial than sham orthoses for treating chronic muscu- 
loskeletal foot pain associated with pes cavus in a variety of 
clinical populations. They also concluded that there is no 
evidence for any other type of intervention for the treatment 
or prevention of foot pain in people with a cavus foot type 
(10). The second Cochrane systematic review concluded that 
there is gold-level evidence for painful pes cavus (31). 
Flexible flatfoot: The symptomatic adult hyperpronated 
foot has been shown to be effectively treated with various 
orthotic interventions regarding alleviating pain and defor- 
mity (3,10,62,68). 

Hallux valgus/hallux rigidus: Custom orthoses have been 
clinically shown to redistribute weight, prevent excessive 
dorsiflexion forces, and improve gait transition with pathol- 
ogy of the great toe (11,17,28,53,62,83). A recent Cochrane 
review concluded that there is silver-level evidence for the 
use of custom orthotics with painful hallux valgus (31). 


Ankle sprain: A recent review concluded that foot orthoses 
have been shown to have a positive influence on subjects 
who have recently experienced an ankle sprain and on sub- 
jects with chronic ankle instability. There is evidence that 
foot orthoses can influence multiple levels of neuromuscular 
control of the ankle. Improvements in somatosensory feed- 
back and reduced muscular load seem to be the most viable 
mechanisms by which foot orthoses may positively affect 
patients with chronic ankle instability (29,68). 

Low back pain: There is limited evidence for the use of or- 
thotics with low back pain. One study reported that pain has 
been shown to be effectively treated with custom-fabricated 
foot orthoses following a comprehensive gait evaluation to 
address the pathomechanical process to decrease the degree 
of pain and rate of reoccurrence (16,26). 


Types of Orthotics 


Accommodative: A device designed with a primary goal of 
conforming to the individual’s foot, allowing plantar-grade 
floor contact that permits forces to be distributed evenly to the 
foot. An accommodative device allows the foot to compensate 
and yields to abnormal foot forces. It is primarily prescribed 
to improve foot function and improve shock absorption for 
patients who are poor candidates for biomechanical devices 
secondary to congenital malformations, restrictions of foot or 
lower quarter motion, neuromuscular dysfunction, insensitive 
feet, or physiologic old age. Most devices are full length and 
total contact and made of materials such as Plastazote, PPT, 
Spenco, Pelite, Sorbathane, EVA, and Neoprene foam rubber. 


Biomechanical: A custom prescription device fabricated spe- 
cifically to address pathomechanical components of a lower 
quarter condition by controlling and resisting abnormal 
compensatory foot forces (62). The prescription aspect of the 
device involves clinical decision making for type of materials 
to be used for rigidity, length of the device (full, metatarsal, 
or sulcus), degree of correction/posting, and depth of heel 
seat. Decision making should be based on a comprehensive 
evaluation of active/passive foot and ankle range of motion, 
including joint mobility; neurovascular integrity; lower quar- 
ter biomechanics; and walking/running gait assessment. 


Temporary: A device fabricated in the clinic primarily for the 
purpose of assessing the need/benefit for permanent device, 
unloading tissues for healing, or controlling hyperpronation. 
Common materials are Aquaplast, or orthopedic felt medial 
buttress, and navicular-sustentaculum tali support (88). The 
majority of studies have shown minimal differences regard- 
ing comfort and rearfoot kinematic differences between 
over-the-counter prefabricated inserts and custom biome- 
chanical orthotics (28). 


Selection 


Specific aspects of subjective and objective examination 
guide clinical decision making for choosing the proper com- 
ponents of a prescription custom-fabricated orthosis. 

Chief complaint/diagnosis, including stage, intensity, severity, 
and nature of the disorder 

Control versus bias of subtalar motion 


Mobility of the rearfoot, forefoot, midfoot, first ray: hyper- 
mobile > normal > hypomobile 


Primary use of the orthosis: Type of street, sport, or dress 
shoe to be worn in helps to determine material selection and 
thickness. Specific sport and competition level also guide 
choice of components. 

Physiologic, not chronologic, age: Older patients tolerate 
semirigid devices better, and younger patients tolerate more 
rigid management. 

Need for shock absorption to dissipate GRFs 


Weight of patient determines durometer (rigidity) of the 
orthotic. 


Neurologic or anatomic abnormality helps to determine the 
need for accommodation with cutouts, pressure distribution 
modifications, and material selection. 


Casting 


Numerous techniques have been used to capture the foot for 
fabrication of a custom orthosis (2). Plaster casting may be 
preferable when capturing rearfoot to forefoot relationship 
is of prime importance for fabrication of a functional device 
(44). Weight-bearing measures of a loaded foot to determine 
forefoot posting have proven to be reliable, and further in- 
vestigation into clinical application needs to be evaluated for 
orthotic prescription and fabrication (15). Neutral suspen- 
sion casting with the foot positioned by holding the sulcus 
of the fourth and fifth toes obtained in prone or supine is 
the preferred method for a functional prescription foot 
orthoses (62). 


Plaster cast: The goal is to capture the relationship of the 
forefoot to rearfoot and reproduce the ideal position of the 
foot in midstance just prior to heel off. 


Compressive foam box: Partial weight-bearing technique 
most appropriate for accommodative devices, with the ben- 
efits of simplicity of use/clean up, but typically provides an 
inconsistent representation of forefoot relationship (62). A 
recent study quantified the differences between custom-made 
foot orthoses made from foam impressions and plaster im- 
pressions regarding contact area, plantar pressures, gait lines, 
and walking convenience. Foam box casting is preferable for 
the construction of accommodative and functional orthoses 
because it is easier to use, quicker, cleaner, and less expensive 
and because it leads to better walking convenience (28). 
Computer imaging/scanning: Another technique to capture 
the contour and shape of the foot for orthotic fabrication 
where the device is milled from an image or a positive model 
of the foot is created. The benefits of an imaging system are 
exactness of forefoot to rearfoot relationship for posting, 
image created in partial or non—weight bearing, and simplic- 
ity of use; the drawback is expense (62). 


Requirements 


Requirements for successful orthotic intervention are based 
on patient- and condition-specific goals developed after a 
comprehensive subjective and objective evaluation as stated 
previously. The device must have certain components to 
increase treatment success and compliance. 


Conform precisely to all contours of foot, especially heel, cal- 
caneal, and forefoot inclinations 


Rigid enough to maintain shape, contour, and angular 
relationships 

Control abnormal motion, allow normal motion, and pro- 
vide proper sequencing/timing of motion 

Improve muscle function 


Able to withstand stress and wear 
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Comfortable to assure compliance 
Adjustable 
End proximal to metatarsal heads 


Narrow enough to fit in shoes and allow first and fifth ray 
function 


Specific Orthotic Components 


Specific components can be added to the device based on 
clinical goals for management of the lower quarter pathol- 
ogy, problem-solving information from the biomechanical 
evaluation, and assessment of the patient using the device. 


Heel lift to accommodate a leg length inequality or to unload 
the Achilles tendon 


Metatarsal head cut out to accommodate a rigid plan- 
tarflexed first ray 


Heel cushioning for increased shock absorption 

Metatarsal pads to redistribute weight from second to fourth 
metatarsal heads to first and fifth 

Morton’s extension to redistribute weight from second to 
first metatarsal 

Rigid forefoot extension to limit mobility of great toe 

Toe crests can be added to prevent the toes from sliding back 
over the insole of the shoe and prevent clawing. 

Lateral rearfoot posting to unload medial knee compartment 
(degenerative joint disease/osteoarthritis) 

Highly inverted (Blake) orthotic when decreasing inversion 
moment and work at the rearfoot and increasing knee ad- 
duction and abduction moment are the treatment goals (90). 





CONTROVERSIES, CONCLUSIONS, AND 
FURTHER RESEARCH 





In a review of the literature, Pratt (63) judged 40 orthotic- 
related articles using Sackett’s “levels of evidence” criteria for 
scientific merit and concluded that the literature is rather 
weak, with only one study achieving a level of 2 and none 
achieving a level 1 qualification. 

There are several different classification systems of evaluat- 
ing foot type that have shown poor interrater reliability and 
measurement accuracy, questioning the practical usefulness 
and validity (2,31,59,62). 

There is significant debate about whether functional kine- 
matics and pathomechanics of the foot can be based prin- 
cipally on morphology. Mechanisms causing lower quarter 
injuries are poorly understood with very few adequate ran- 
domized controlled studies relating specific foot type or 
pathomechanics with injury incidence (2,59,62). 

Recent research has debated the assumptions that the rear- 
foot achieves subtalar joint neutral position near midstance 
in gait and the functional significance of rearfoot neutral 
(2,3,48,59). 
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Studies have shown that static measurements in a classic bio- 
mechanical exam are poor predictors of dynamic foot motion 
(3,32,48,62). 

Research evaluating orthotic effectiveness in gait has substan- 
tial inadequacies including: various biomechanical assess- 
ment tools for gait analysis; nonstandardized orthotic device 
or footwear; modifications to shoe counter; motion analysis 
markers on shoe or skin; differences in calibration of equip- 
ment; and anecdotal descriptions of gait changes (3,23,48,62). 
The literature demonstrates a lack of controlled studies with 
consistently poor methodology, including variable orthotic 
prescription, patient presentation, fabrication of the ortho- 
ses, and outcome measurement tools (23,62). 

Overall, throughout the orthotic literature, there is a signifi- 
cant amount of inconclusive or conflicting data (2,3,23). 


The review of the literature highlights the fact that the cur- 
rent research can be greatly improved upon with further 
randomized controlled trials for specific measurable clini- 
cal outcomes to more effectively prescribe a custom orthotic 
device for treatment and prevention of lower quarter injuries 
in patients and athletes. 


A recent trend in the research proposes orthotic intervention 
to influence lower quarter dynamic function by increased 
afferent feedback from cutaneous receptors in the foot and 
minimizing muscle activity with the concept combining bio- 
mechanical control and proprioceptive feedback with custom- 
fabricated biomechanical orthotics to reduce tissue stress. As 
with previous work, more randomized controlled research 
must be completed to justify these hypotheses (7,54,56,59). 
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Taping in Sports Medicine 


Jessica M. Poole, Casey Hulsey, and RM Barney Poole 





INTRODUCTION 





E ‘Taping in sports medicine has been a long-standing rehabili- 
tative adjunct to assist sports medicine providers in prevent- 
ing injury and facilitating a safe return to play (18). 

The most basic way to restrict motion is by applying simple 
athletic taping methods to the affected area. Tape can aid in 
the support and compression of a soft tissue injury and can 
additionally unload the amount of force placed on damaged 
ligaments during the healing process. Taping a joint to 
reduce the risk of injury or increase patient confidence in 
the integrity of a joint may be the most common reason for 
athletic taping (3,13). 

E Restricting motion of certain joints has been demonstrated 
to effectively protect, prevent, and limit further injury (16). 

ŒE This chapter reviews the role of athletic taping in sports 
medicine, specifically addressing indications, current meth- 
ods, recommended materials, principles of application, site- 
specific techniques and the current evidence for efficacy. 





INDICATIONS 





E There are two principal indications for taping: prevention 
and rehabilitation. 

E Prevention: Taping normal or injured tissue for practice and 
games to help keep a recreational or occupational athlete safe 
from injury or to protect from potential or further injury 
with early return to activity. 

ŒE Rehabilitation: Tape may be applied to speed the process of 
return to activity and protect the area during early return; 
tape may also be applied to modify the activity of a joint to 
allow for joint retraining during rehabilitation. 








E Classic athletic taping 


E Classic nonstretch linen high—thread count athletic tape 
has been used for years to support and protect athletes’ 
joints for practice and games. 

E Traditional nonstretch athletic tapes are generally applied 
to form an inflexible bandage with the goal of supporting, 
and usually immobilizing, a joint or muscle. 


E McConnell taping 


E McConnell taping was originally developed by Jenny 
McConnell, PT, to be used in the treatment of patello- 
femoral pain syndrome (15). 

E This method uses a good exam of the affected joint 
and a high-thread count nonstretch tape to potentially 
correct tracking and alignment issues in the patella, sup- 
port the patella, and retrain muscles to correct the issue. 
The tape required consists of elastic underwrap and the 
nonstretch adhesive tape. Leukotape is a brand often used 
for McConnell taping. 


E Kinesio taping 


E Kinesio taping is a relatively new technique that has 
recently come into wide use throughout the world to 
facilitate healing and provide stability and support with- 
out restricting motion. Kinesio tape may be used for days 
at a time (5). 

E Kinesio tape has the properties of being both strong 
and flexible. Kinesio taping additionally uses a propri- 
etary taping method complete with certification classes 
and seminars for practitioners. The tape is applied in a 
specific pattern and is either stretched or not stretched, 
depending on the injury and rehabilitative goals. Kinesio 
tape is thought to work by not only supporting injured 
muscles and joints, but also helping to relieve pain by 
lifting the skin and allowing blood to flow more freely to 
the injured area (20,21). 





CURRENT METHODS 





RECOMMENDED MATERIALS 





E As the manufacture of tape becomes more sophisticated, 
its uses become ever more varied. There are many forms 
of taping presently used in sports medicine, but the prin- 
cipal techniques involve: classic nonstretch athletic taping, 
McConnell taping and Kinesio taping. 





E Prior to applying tape to a joint for protection, prevention, 


or prophylactic means, there are several concepts that need 
to be addressed. First, proper materials are needed. There is 
a wide variety of taping materials on the market for the pro- 
vider to choose from. 
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E The principal types of tape matter the most; there is no 


evidence to suggest one brand is superior to another. Be sure 
to find the best type of tape that accommodates budgets 
while providing the best result for the patient. A good supply 
of the following types and sizes of tape is recommended: 


1-, 1.5-, and 2-inch linen athletic tape 

1.5-, 2-, and 3-inch light elastic Lightplast 

2- and 3-inch heavy elastic tape such as Elastikon 
Adhesive covering such as CoverRoll 

Leukotape for McConnell taping 


Kinesio tape: rolls or prefabricated for a particular joint; 
both are available 

Other supplies necessary for the application of tape are tape 
adherent (such as Tuff Skin or QDA), heel and lace pads to 
prevent friction in areas of concern, skin lube for applica- 
tion of friction pads, prewrap foam to prevent skin irrita- 
tion, bandage scissors or any blunt nose scissors, and tape 
cutters (2). 





PRINCIPLES OF APPLICATION 





When applying tape to a joint, there are several basic rules 
that need to be followed in order to ensure comfort, correct 
joint mechanics and function, and limit further injury to the 
joint or cutaneous tissue. The following rules apply: 


E Rule out any factors that could pose harm (e.g., an injury 
in close proximity, open wounds such as cuts or blisters). 


Shave the area if applying tape directly to the skin. 
Always place joint in position to be stabilized. 

Apply tape adhesive to area for maximum adhesion. 
Cover area to be taped with a prewrap or a pretape product. 
Always begin with anchor strips and end with close strips. 


Keep tape roll in same hand at all times. 


Always overlap tape by half the width to prevent gaps that 
may cause friction blisters and/or cuts. 


Do not apply tape to anesthetized skin or after a heat or 
cold modality application or to areas of poor circulation 
(2,16,18). 





SITE PREPARATION 





Clean the area to be taped. 

Shave if tape is to be applied directly to the skin. 

Use a tape-adherent spray to maximize adhesion. 

Cover broken skin, cuts, skin moles tags, etc., prior to 
taping (2). 

Use lubricated pads over bony prominence for comfort. 


Apply pretape or prewrap to the skin to protect it; a single 
layer is usually all that is needed. 


Avoid wrinkles in the tape to prevent blisters beneath the tape. 





REMOVAL 





E Tape is removed using scissors or tape cutters. 


E A liquid tape adhesive remover may be used to remove tape 
residue. 





SITE-SPECIFIC TECHNIQUES 





E The most common areas of the body to tape are as follows: 
toes, ankle, arch, Achilles tendon, patella, acromioclavicular 
joint, elbow, wrist, and fingers. The knee and hip benefit most 
from bracing, which will be discussed in a subsequent chapter. 
A complete review of taping is beyond the scope of this text, 
and the interested reader is referred to the following excellent 
resources at end of chapter (2,15,16,18). This section will, 
however, discuss and review standard application procedures 
for the ankle joint and the plantar fascia and introduce the 
McConnell taping technique used for patellofemoral pain. 


Plantar Fascia Taping 


E Arch (weave technique): Relieves pain in foot, anterior com- 
partment, or knee due to plantar fasciitis, medial tibial stress 
syndrome, patellar tendonitis, and iliotibial band syndrome 
all caused by overpronation or due to a falling high arch 
(8,9). If application relieves pain; orthoses or foot orthotic 
devices may be the next best course of action for continuous 
arch support in a variety of shoes and decrease the reliance 
on tape. Procedure is as follows: 

E Apply tape adherent to foot. 

E Place ankle joint in neutral position. 

E Place anchor strip around forefoot at metatarsal heads. 
E 


Using 1-inch tape, begin at fifth metatarsal head and tape 
and loop around the lateral heel and back to the fifth toe. 


Beginning at base of hallux, apply tape and loop around 

the medial heel and back to the base of the hallux. 

E Repeat steps 4 and 5 three more times, overlapping by 
half tape width (Fig. 76.1). 

E Apply 1-inch linen tape in circular anchors over the arch 

for added support (Fig. 76.2). 


Ankle Sprain Taping 


E Closed basket weave for inversion ankle sprain: Prevents an in- 
version ankle sprain by improving mechanical stability of the 
subtalar joint reference. Taping will limit inversion or eversion 
stresses depending on application. Applying stirrups medial to 
lateral provides support and prevention of lateral ankle sprains, 
while pulling stirrups from the bottom of the heel proximally 
will limit motion due to an eversion sprain. Taping will support 
the subtalar and talocrural joints from excessive movement due 
to force. Proprioceptive qualities of the ankle joint may also be 
improved. It is important to remember that taping will help 
prevent recurrent ankle sprains, but there is no substitute for 
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Figure 76.1: Completed arch weave. Figure 76.2: One-inch linen tape anchors to provide added support 
over arch weave. 


appropriate rehabilitation focusing on strength and proprio- 


ception improvement. The procedure is as follows: E Using 1.5-inch linen tape, apply a circular anchor at the 
E Apply tape adherent. musculotendinous junction of the gastrocnemius/soleus 
E Apply heel pad over the distal Achilles tendon and lace complex (Fig. 76.3). 
pad over the anterior ankle joint to prevent friction E Apply another anchor around the forefoot directly covering 
injuries. Apply prewrap material. the fifth styloid. 


Figure 76.3: Proximal and distal 
anchors for closed basket weave 
inversion ankle sprain taping. 
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Figure 76.4: Medial stirrups and 
alternating C-strips (Gibney strips) for 
closed basket weave inversion ankle 
sprain taping. 





E Apply three stirrups and alternate with C-Strips (Gibney E Next, apply four alternating heel locks. Begin high on the 


strips). Place first stirrup at top anchor just posterior to 
the medial malleolus. With adequate tension, pull medi- 
ally to laterally underneath the heel and up the fibula. 
Begin C-strip on medial side of the foot anchor and 
wrap around posterior heel and finish on lateral aspect 
of foot anchor. Apply next stirrup, using same method 
as before and overlapping by half. Apply the next C-strip, 
overlapping by half moving proximally. Repeat with final 
stirrup and final C-strip (Fig.76.4). 


instep and pull under the arch and toward the lateral heel, 
hooking the heel, and then come around the opposite 
side and back to the starting point. Repeat on the op- 
posite side and then apply two more overlapping by half 
(Figs. 76.5 and 76.6). 


Complete the taping by applying close strips to secure all 
the loose tape ends. Check for circulation and warmth 
(Fig. 76.7) (9). 


Figure 76.5: Heel lock for closed 
basket weave inversion ankle sprain 
taping. 








E Variations: One may increase the integrity by increasing 


the strength of the tape. Using a heavy-duty elastic tape for 
the stirrups and heel locks will make for a more restrictive 
tape application. To decrease the restrictive qualities, use a 
lightweight elastic tape. Other variations are the Spartan, 
where stirrups are applied with heavy elastic tape and as the 
stirrup comes across the lateral malleolus, the tape is split, 
forming two tails that can be wrapped around the fibula 
and tibia for added strength and support. A continuous 
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Figure 76.6: Alternating heel lock 
| for closed basket weave inversion 
| ankle sprain taping. 


~ 
Ss 


elastic tape technique will give less restriction and is a faster 
application. 


McConnell Taping 


E The only recommended tape application for the knee is 
McConnell taping for poor patellar tracking or patellar 
displacement (4,15). Taping for medial collateral ligament 
(MCL) or lateral collateral ligament (LCL) sprains or rotary 


Figure 76.7: Close strips 
(completed tape job) for closed basket 
weave inversion ankle sprain taping. 
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Figure 76.8: Squat to assess patellar tracking 





and pain. 
instability is not as effective as bracing, due to the dynamics E Apply two more strips to adequately secure the patella in 
of the knee. Bracing affords the patient more continuous the proper position (18). 
support and dissipation of forces. E Reassess your patient to determine if the taping adequately 
E McConnell taping for patellar tracking or poor patellar align- decreases the symptoms. If not, you may need to readjust 
ment: We recommend that a through history and assessment the patella. We use a squat to determine tracking and to 
be completed prior to taping the patella. One must realize assess pain level before and after application (Fig. 76.11). 


that although this tape application may ease the patient’s 
symptoms, it should only be used as a temporary solution to 
allow completion of activities of daily living or sports com- CURRENT EVIDENCE 
petition in comfort. It is essential for the clinician to address 
why the patella is sitting high, low, medially, laterally, or 
poorly tracking (15). These issues should be addressed with 
a rehabilitation program to correct the underlying causes, 
specifically a weak vastus medialis oblique and hip muscula- 
ture (17). The procedure is as follows: 








E The ankle is the most commonly taped joint in sport (10). 

E The scientific evidence favoring the efficacy of taping for 
ankle sprains and other injuries is mixed; however, the 
clinical use of taping and anecdotal evidence of its efficacy 


are widespread (14). 
E Assess the patella and decide how to locate the patella 


to limit pain. In the following figures, the patient’s left 
patella tracked from the superior lateral side to the 
inferior medial side of the femur; therefore, the goal of 
the taping will be to pull the left patella superiorly and 
laterally using Leukotape to try and relieve pain associ- 
ated with poor tracking due to a weak vastus medialis 
oblique muscle and overpronation. The patient wears 
corrective orthoses regularly (Fig 76.8). 


E Apply tape adherent to a shaved knee area. 

E Apply a tape base, such as CoverRoll, over the patella, but 
not all the way around the knee (Fig 76.9). 

E Cut three strips of Leukotape. Leukotape is a heavy non- 
elastic tape with very little yield. It will securely hold the 
patella in the desired positioning to relieve pain. 





E Place the patella in the position to be stabilized and 
secure with the Leukotape, securing the patella superior 
and medially (Fig. 76.10A and B). Figure 76.9: Application of CoverRoll for McConnell taping. 
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Figure 76.10: A: Using Leukotape to stabilize the patella laterally. B: Using Leukotape to stabilize the patella superiorly. 


E A randomized controlled study by Garrick and Requa (7) 
examined the effectiveness of taping on the incidence of 
ankle sprains in basketball players; subjects who were taped 
had 14.7 sprains per 1,000 games, and those who were not 
taped had 32.8 sprains per 1,000 games (7). 

E The Garrick and Requa (7) study in 1973 is also credited with 
demonstrating that tape loosens just 10 minutes after applica- 
tion and provides little mechanical support after 30 minutes. 

E Other studies proposed that the benefit of taping comes 
through increased proprioceptive input, allowing muscles to 
react faster in potential injury situations (6,11). 

E The current evidence on taping versus bracing is inconclu- 
sive regarding efficacy and efficiency. 

E Ina retrospective study comparing taping to bracing, athletes 
with tape had 4.9 ankle sprains per 1,000 games, and those 
who wore ankle braces had 2.6 sprains per 1,000 games (19). 

E No evidence has been found to support McConnell taping 
for the knee; one randomized controlled study found no evi- 
dence to support that McConnell taping enhanced a regular 
physical therapy treatment program when compared to a 
control group (1,2,12). 
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INTRODUCTION 





E Bernhart and Anderson (1) state that, “In an attempt to 
reduce sport injuries, many athletes are turning to pro- 
phylactic and functional braces for protection, support, 
compression, restriction of movement, immobilization, 
and proprioceptive enhancement.” 

E There are two principal types of braces used in sports medi- 
cine: rehabilitative and prophylactic. 

E Inrehabilitative bracing, the prime focus is to allow a protected 
range of motion after surgery for the injured joint. 


ŒE Prophylactic braces are designed to stop or lessen the severity 
of injuries, so their focus is prevention. 

E Custom-made braces, which non-restrictive are principally 
rehabilitative, provide security for unstable joints and are 
fabricated from measurements and/or cast molds to fit the 
athlete for a specific purpose (11). 





INDICATIONS 





There are two principal indications for bracing: support of 
injured tissue and prevention of injury (10). 

E Prevention of injury may also include support for safe and 
early return to activity. 

ŒE When choosing a brace, consider the type of injury to be 
prevented and the area that needs to be supported. 





SELECTING A BRACE 





E Braces may be purchased in a variety of shapes, sizes, and 
colors and range in price from the relatively inexpensive 
off-the-shelf variety found in large-box athletic stores and 
some grocery store pharmacy areas to custom-fabricated 
braces fitted and personalized for the athlete. 


E Braces are made to fit a wide variety of joint types and 
come in various sizes. When choosing a brace, the most 
important factor is the purpose for which the brace is in- 
tended. For example, an ankle brace for a basketball athlete 
may not be the same as one chosen for an airline baggage 
handler. 





When choosing a brace, consider the type of injury to be 
prevented and the area that needs to be supported. 


Braces should increase the stability of joints and limit 
pathomechanical stress to adjacent joints. 


Braces should not interfere with normal joint function. 
Bracing worn in contact sports should not endanger others. 
Bracing should be adaptable to all somatotypes. 

Braces should be chosen that are cost effective. 

Selected bracing should have evidence to support its use (5). 





SITE-SPECIFIC INDICATIONS 





Ankle 


Ankle sprains are one of the most common traumatic 
injuries in sports; the most common mechanism of injury 
for the ankle is an inversion ankle sprain. 

Two types of braces can be worn to help reduce ankle injuries: 
lace-up braces and rigid support braces. Both types of braces 
derive some of their support of the ankle from the shoe in 
which they are worn. 

Lace-up ankle braces fit comfortably in a shoe and may have 
extra lateral support from figure-eight straps that provide 
assistance to support the ankle in cutting situations that may 
stress the lateral structures. 

Rigid support ankle braces fit in a shoe or boot and may 
be better for supporting injured workers who may not be 
exposed to running or cutting forces or athletes needing 
firmer support. 

Size shoe and heel width properly; apply over sock. 

Ankle range of motion should be within normal limits for 
dorsiflexion/plantarflexion; inversion and eversion should 
be limited. 

Inspect for friction areas. 

Demonstrate donning and doffing technique, making correc- 
tions as needed. 


Knee 


Bracing for the knee is determined by the area of the knee 
where support is needed and the reason the athlete is using 
the brace (support of injury, prophylaxis, or rehabilitation). 
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Measure for correct sizing; circumferentially 6 inches above 
patella and at the joint line are the most common measures. 


Center patella between hinges; hinges are centered at joint. 
Check for movement up and down and rotationally. 
Check for normal range of motion of the knee. 

Set range of motion restrictions if applicable. 


Demonstrate donning and doffing technique and make 
changes as indicated. 


Hip 


There are no known braces for the hip joint; however, 
Coreshorts™ by Under Armour can help reduce reoccurring 
injuries in the hip. 

Coreshorts™ are expandable compression shorts that not 
only compress, but also add resistance to increased range of 
motion (1). 


Back 


Mechanical low back pain is a major health care problem; 
some evidence is available to support the use of bracing as an 
adjunct to standard treatment plans (6). 


Select the proper lumbar support and size by measuring 
circumferentially at the waist. 

Fit the brace to support the low back and maintain comfort- 
able positional lumbar lordosis. 

Demonstrate donning and doffing technique and make 
changes as indicated. 





CURRENT EVIDENCE 





Current evidence regarding the prophylactic use of ankle 
bracing in sports indicates that use of ankle bracing signifi- 
cantly reduces injury (4). 

One study using female volleyball players indicated an injury 
rate of 0.07 per 1,000 exposures as opposed to a rate of 0.98 
per 1,000 exposures in a comparison group (8). 

Two studies, each looking at the effects of ankle brace usage 
on knee and ankle kinematics and ground force reaction, 
concluded that although there may be a slight increase on 
the knee axial rotation with some activities (14), overall 
ankle and knee kinematics and ankle ground reaction forces 
remained the same over time (3). 


Knee bracing was also found to have beneficial effects 
in prevention of medial collateral and anterior cruciate 
ligament injuries (11,13). However, a recent systematic 
review noted that there remains a lack of evidence to support 
the routine use of prophylactic knee bracing in uninjured 


knees (12). More research is needed in this area to reach a 
definitive conclusion. 

A Cochrane review found that knee bracing in osteoarthritis 
increases the distance one is able to walk; the brace, however, 
may not lead to any difference in pain, knee function, or 
quality of life (2). 

Some recent studies have shown that lumbar bracing and 
other elements of a plan of care have a beneficial effect 
on maintaining proper lumbar lordosis when sitting and 
standing, thus helping to decrease low back pain (7,9). 
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PRINCIPLES OF CASTING AND 
SPLINTING 


E The initial approach to casting and splinting involves a thor- 
ough assessment of the injury for proper diagnosis to include 
an exam above and below the injured area. 

E The purpose of splinting and casting is to immobilize, pro- 
tect, aid in healing, and decrease pain. 

ŒE Immobilization offers three benefits: prevention of loss of 
position, protection of adjacent structures, and pain relief. 

E Conditions that benefit from immobilization include frac- 
tures, sprains, severe soft tissue injuries, reduced joint dis- 
locations, inflammatory conditions, deep lacerations across 
joints, and tendon lacerations. 

Æ Complications can occur regardless of how long the device 
is used (13). 





SPLINTING VERSUS CASTING 





E Consideration for casting versus splinting requires assess- 
ment of the stage and severity of the injury, the potential for 
instability, the risk of complications, and the patient’s func- 
tional requirements. 

E Splinting is more commonly used in the primary care 
setting (6). 

E If an injury is associated with significant swelling or more 
swelling is anticipated, initial splinting followed by casting 
for definitive treatment is recommended. 

E Maximal immobilization cannot be obtained unless the 
joints above and below the fracture are immobilized, which is 
required for most unstable or potentially unstable fractures. 





SPLINTING 





E Splinting offers many advantages over casting, including eas- 
ier application and removal and decreased pressure-related 
complications because they are noncircumferential. 

E Disadvantages include decreased patient compliance and 
increased motion at the injury site. 








E Splints may be used in the acute setting and later replaced 
by a cast for definitive treatment of unstable of potentially 
unstable fractures (6). 





CASTING 


E Casting is the mainstay of treatment for most fractures (6). 


E Casts provide superior immobilization and are reserved for 
complex and/or definitive fracture management (13). 


They require more skill and time for application. 





SPLINTING/CASTING MATERIALS 





Œ Plaster is traditionally preferred for splints because it is pliable 
and has a longer setting time than fiberglass and produces less 
heat, which avoids burns and patient discomfort (15). 

E Fiberglass is less messy and lighter than plaster and is typically 
used for nondisplaced fractures and severe soft tissue injuries. 

E Casts set slower in colder water than warm water (3). 

E Regardless of material used, water temperature is the most 
important variable. Heat is inversely proportional to the set- 
ting time and directly proportional to the number of layers 
of casting material used (4,5). 

Œ Plaster is cheaper and has a longer shelf life, while fiberglass 
is more durable and lighter. 

E Fiberglass is generally preferred for casting by providers who 
have more experience casting and who treat larger numbers 
of fractures. 

E Other materials and equipment include: adhesive tape for 
splints, bandage scissors, casting gloves for fiberglass, elastic 
bandage for splints, padding, sheets/underpads, and stockinette. 





GENERAL PROCESS 





E The involved extremity should be assessed, and documenta- 
tion of skin lesions, neurovascular status, soft tissue injury, 
and bony structures should be performed. Neurovascular 
status should be rechecked following immobilization by cast 
or splint. 
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A stockinette is measured and applied to cover the area of 
injury and extend 10 cm beyond each end or the intended 
splint site. Excess is folded back to form a smooth edge once 
the splint or cast material has been applied. It is important 
to make sure the stockinette is not too tight and wrinkles are 
smoothed. 


Layers of padding are placed over the stockinette to prevent 
maceration of skin and accommodate swelling. 


Padding is wrapped circumferentially, with each new layer 
overlapping 50% of the previous layer. It should be two to 
three layers thick and extend 2-3 cm beyond the edge of 
the splint. 

Extra padding is placed between digits and over bony 
prominences. Too much padding can compromise support 
of the splint. 

Joints are always placed in proper position of function. 

Add 1-2 cm of splinting to each end of the splint to allow for 


shrinkage. Ultimately, the splint should be slightly shorter 
than the padding. 


The thickness or the splint depends on patient size, extrem- 
ity involved, and desired strength. On average, an adult 
upper extremity should be splinted with 6—10 sheets; lower 
extremities require 12-15 sheets (4,5). 


The splinting material should be unrolled to the appropri- 
ate length; the next layer should be folded back onto itself to 
create subsequent layers. 


The splint material is then submerged in water until the bub- 
bling stops. Excess water is squeezed out. The splint is then 
placed on a hard surface, wrinkles are smoothed out, and 
even wetness of all layers is ensured. The splint is placed over 
the padding and molded to the contours of the extremity. 
Stockinette and padding edges are then folded back. 


Secure the dry splint with an elastic bandage in a distal to 
proximal direction. 


Casting material should go over the stockinette and padding 
circumferentially, with each roll overlapping 50% of the pre- 
vious layer. Stockinette and padding edges should be folded 
back before the last layer is applied. 


Avoid excess molding and indentation. If an open wound 
exists, a window should be cut in the cast for monitoring. 





COMPLICATIONS 





Compartment syndrome is the most serious complication 
that involves increased pressure within a closed space that 
compromises blood flow, tissue perfusion, which can cause 
ischemia, and potential irreversible tissue damage. Symp- 
toms may include worsening pain, tingling, numbness, and 
severe swelling. Immediate evaluation and prompt removal 
of the cast are imperative. 


Skin breakdown is the most common thermal injury that 
occurs during the casting or splinting process, caused by 


focal pressure from wrinkles or unpadded or underpadded 
area over bony prominences or underlying soft tissue (16). 


E Bacterial and fungal infection and pruritic dermatitis can 
develop beneath a cast or splint and are more common with 
open wounds and moist and warm environments (8). 

E Reflex sympathetic dystrophy (RSD), or complex regional 
pain syndrome, is an uncommon, late complication of a 
fractured extremity, resulting from vasomotor dysfunction 
of the sympathetic nervous system. RSD is characterized by 
pain, swelling, redness, and hypersensitivity often out of pro- 
portion to the initial injury. It can result in stiff joints, atro- 
phic changes, contractures, and loss of function. 


E Other complications of excessive immobilization include 
joint stiffness, chronic pain, and muscle atrophy. 





FOLLOW-UP 


E Patient education is crucial regarding cast and splinting care. 
Verbal and written instructions on elevation of extremity, 
avoiding getting splint/cast wet or pushing objects inside to 
scratch, precautions for compartment syndrome, pain con- 
trol, and ice usage are necessary. 

Time to follow-up depends on site fracture site, type, patient 
age, compliance, and accessibility. 


BH Most require follow-up within 1—2 weeks. 


E Ifa cast was applied to an acute fracture, a follow-up visit the 
next day is recommended. 

E There are four broad categories of follow-up: initial cast 
checks, replacement of the cast, assessment for healing, and 
assessment of function after removal. 





COMMONLY USED SPLINTS AND CASTS 





E Ulnar gutter splints are used for nondisplaced, stable frac- 
tures of the head, neck, and shaft of the fourth and fifth 
metacarpal with mild angulation and no rotational defor- 
mities; nondisplaced, nonrotated shaft fractures and seri- 
ous soft tissue injuries of the fourth and fifth, proximal, or 
middle phalanx; and boxer’s fractures (distal fifth metacar- 
pal fracture, the most common injury for which ulnar gutter 
splints/casts are used). 


E Ulnar gutter casts are a definitive or alternative treatment of 
injuries commonly treated with an ulnar gutter splint (10). 


E Radial gutter splints are used for nondisplaced fractures of 
the head, neck, and shaft of the second or third metacarpal 
without angulation or rotation; nondisplaced, nonrotated 
shaft fractures and serious injuries of the second or third 
proximal or middle phalanx; and initial immobilization of 
displaced distal radius fractures (2,7). 

Œ Radial gutter casts are used as definitive or alternative treat- 
ment of fractures managed with a radial gutter splint. 


Thumb spica splints are used for suspected injuries to the 
scaphoid; stable ligamentous injuries to the thumb; initial 
treatment of nonangulated, nondisplaced, extraarticular 
fractures of the base of the first metacarpal; de Quervain 
tenosynovitis; and first carpometacarpal joint arthritis. 
Immobilization of the thumb with a removable splint after a 
ligamentous injury has equal functional results compared to 
those with a plaster cast (14). 

Thumb spica casts are used for suspected or nondisplaced, 
distal fractures of the scaphoid; and nonangulated, nondis- 
placed, extra-articular fractures of the base of the first meta- 
carpal. These patients should also be referred for orthopedic 
subspecialist evaluation. 

Buddy taping (dynamic splinting) is used for minor finger 
sprains; and stable, nondisplaced, nonangulated shaft frac- 
tures of the proximal or middle phalanx (1). 

Dorsal extension-block splints are used for larger, middle 
phalangeal volar avulsions with potential for dorsal sub- 
luxation; and reduce stable proximal interphalangeal joint 
dorsal dislocations. Buddy taping should follow. 

Aluminum U-shaped splints are used for distal phalangeal 
fractures. 


Mallet finger splints are used for avulsions of the extensor 
tendons from the base of the distal phalanx (with or without 
and avulsion fracture). Continuous extension in the splint 
for 6-8 weeks is essential, even when changing the splint. 
Compliance is assessed every 2 weeks. Night splinting for an 
additional 2—3 weeks is recommended. 

Volar/dorsal forearm splints are used for soft tissue injuries 
of the hand and wrist and temporary immobilization of car- 
pal bone dislocations or fractures (excluding scaphoid and 
trapezium). They are generally not recommended for distal 
radial or ulnar fractures because they do not limit forearm 
pronation and supination. 

Recent studies, however, have demonstrated that splinting 
as a definitive treatment of wrist buckle fractures in chil- 
dren improved physical functioning. There additionally was 
no difference in pain or healing rates when compared with 
casting (12). 

Short arm casts are used for nondisplaced or minimally 
displaced fractures of the distal wrist, such as Colles and 
Smith fractures or greenstick, buckle, and physeal fractures 
in children, and carpal bone fractures other than scaphoid or 
trapezium. 

Single sugar tong splints are used in acute management of 
distal radial and ulnar fractures. The sugar tong splint elimi- 
nates supination and pronation of the forearm, which is an 
advantage over a short arm cast for distal radial and ulna 
fractures. 

Long arm posterior splints are used in the acute and defini- 
tive management of elbow, proximal and midshaft forearm, 
and wrist injuries and acute management of distal radial 
(nonbuckle) and/or ulnar fractures in children. It is not recom- 
mended for complex or unstable distal forearm fractures (1,11). 
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Long arm casts are used as definitive treatment of injuries 
initially treated with a posterior splint. They are used most 
often in children because of the frequency of distal radial, 
ulnar, and distal humeral fractures. 


Double sugar tong splints are used in the acute manage- 
ment of elbow and forearm injuries, including Colles frac- 
tures. They provide pronation and supination control and 
limit flexion and extension about the elbow. They are prefer- 
able with complex or unstable fractures of the distal forearm 
and elbow. 


Posterior ankle splints (“post mold”) are used for acute, 
severe ankle sprains; nondisplaced, isolated malleolar frac- 
tures; and acute foot fractures and soft tissue injuries. 


Stirrup splints are used for acute ankle injuries and nondis- 
placed, isolated malleolar fractures. 


Short leg casts are used for definitive treatment of injuries 
to the ankle and foot. Weight-bearing recommendations are 
determined by the type and stability of the injury and the 
patient’s capacity and discomfort. 

Short leg walking casts and commercially produced high- 
top walking boots are acceptable alternatives. 

Evidence favors a functional approach to inversion ankle 
sprain treatment with the use of a semirigid or soft lace-up 
brace (9). 

Toe plate extensions are used for toe immobilization 
(compared to high-top walking boot or cast shoe) and dis- 
tal metatarsal and phalangeal fractures, particularly of the 
great toe. 

Posterior long leg splints are used for stabilization of acute 
soft tissue injuries, patellar fracture or dislocation, and other 
traumatic lower extremity injuries. 





PROPER CODING 





Use International Classification of Diseases, Ninth Revision 
(ICD-9) codes for diagnosis, e.g., 354.0 


Use Common Procedural Terminology (CPT) codes for pro- 
cedures, e.g., 29125 


Use CPT for evaluation and management service on same 
day as procedure, e.g., 09925 


Consider using fracture care codes, e.g., 26600 
Carpal tunnel syndrome ICD-9 code 354.0 
Scaphoid fracture ICD-9 code 814.01 

de Quervain tenosynovitis ICD-9 code 727.04 


Gamekeeper’s thumb/skier’s thumb (ulnar collateral liga- 
ment injury) ICD-9 code 842.12 


Plantar fasciitis (heel spur syndrome) ICD-9 code 728.71 
Short arm thumb spica cast CPT code 29085 

Distal fibular fracture ICD-9 code 824.8 

Avulsion fracture ICD-9 code 829.0 
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INTRODUCTION 





E Physical activity, exercise, and sports influence behaviors, 


thoughts, and emotions. Similarly, what people do, how they 
think, and emotional responses influence the participation 
and performance of individuals in physical activity, exercise, 
and sports. Promoting participation in physical activity and 
enhancing performance in exercise and sports requires an 
understanding of the increasing evidence base connecting 
psychology with exercise and sport. 

Only 50% of U.S. adults engage in recommended physical 
activity levels. Healthy adults between 18 and 65 years old 
should engage in moderate-intensity aerobic physical activ- 
ity (e.g., brisk walking) for at least 30 minutes 5 days a week 
or vigorous-intensity aerobic physical activity (e.g., jogging) 
for at least 20 minutes 3 days each week. Additionally, these 
adults should engage in physical activity that maintains or 
increases muscle strength and endurance at least 2 days a 
week (18). 

There is increasing evidence that physical activity and exer- 
cise are effective interventions for ameliorating depressive 
symptoms (26). For example, when those diagnosed with a 
major depressive disorder exercised at levels consistent with 
public health recommendations, their depressive symptoms 
decreased more than those who exercised less (11). Exer- 
cise was shown to decrease depressive symptoms as much 
as antidepressant medications (4). A systematic review also 
found at least a small positive effect for exercise-reducing 
depression and anxiety symptoms among children and 
adolescents (24). 

Exercise and physical activity may also improve behavioral 
and psychological concerns (e.g., alcohol abuse, anxiety 
disorders, eating disorders) (43). Exercise can improve self- 
esteem in children and young adults (13) and improves cog- 
nitive functioning in older adults (2). 


INITIATING AND INCREASING 
PHYSICAL ACTIVITY 


It is important to target physical activity early in life. Ado- 

lescents who have a more positive view of physical activity 

and sport engage in more physical activity 5 and 10 years 
later (16). Among adolescents and children, education- 

only interventions to increase activity are not effective (47). 

However, for adolescents, school-based multicomponent 

interventions (i.e, education combined with environmen- 

tal or policy changes) and interventions that include school 
and family or community involvement are associated with 

increased activity (47). 

Simple interventions can increase physical activity. For ex- 

ample, wearing pedometers, along with having a step goal 

(e.g., 10,000 steps per day), is associated with significant 

increases in daily physical activity (6). Also, using point- 

of-decision prompts, such as signs placed near escalators and 
elevators encouraging the use of stairs, significantly increases 

the likelihood of stair use (42). 

In 2002, the U.S. Preventive Services Task Force concluded 

that there was insufficient evidence that counseling adults 

to increase physical activity in primary care settings results 
in sustained changes in physical activity (12). However, 

England’s Public Health Interventions Advisory Committee 

determined in 2006 that there was sufficient evidence sup- 

porting brief counseling interventions for increasing physi- 

cal activity in primary care settings (15). 

E According to the National Institute for Health and Clini- 
cal Excellence (NICE), inactive individuals should be 
identified in primary care settings, and the patients’ spe- 
cific needs, preferences, and circumstances should be 
considered when setting goals with them. Patients should 
be followed over a 3- to 6-month period to sustain physi- 
cal activity increases (15). 
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BEHAVIORAL HEALTH CONDITIONS 
ASSOCIATED WITH EXERCISE 





E Although disordered eating behaviors and substance use have 
been studied among athletes, very little is known about oth- 
er psychological concerns and disorders, including anxiety 
disorders, attention-deficit hyperactivity disorder (ADHD), 
bipolar disorder, depression, overtraining syndrome, psy- 
chosis, and suicidality (39). 


Disordered Eating Behavior 


E Disordered eating behavior can range from that which meets 
clinical diagnostic criteria for anorexia nervosa (Table 79.1) 
or bulimia nervosa (Table 79.2), as established in the 
Diagnostic and Statistical Manual of Mental Disorders, Fourth 
Edition-Text Revision (DSM-IV-TR), to subclinical levels of 
disordered eating behavior, which might include occasional 
purging and/or laxative use or diet pill use, referred to as 
“eating disorder not otherwise specified” in the DSM-IV-TR. 
E It is important to recognize that bingeing and compen- 

satory purging may be a feature of anorexia nervosa or 
bulimia nervosa. 


E Targeted programs may help reduce the risk of disor- 
dered eating behavior among adolescent athletes (14). 








Table 79.1 | DSM-IV-TR Criteria for Anorexia 
Nervosa 





A. Refusal to maintain body weight at or above a minimally normal 
weight for age and height (e.g., weight loss leading to maintenance 
of body weight less than 85% of that expected; or failure to make 
expected weight gain during period of growth, leading to body 
weight less than 85% of that expected). 


B. Intense fear of gaining weight or becoming fat, even though 
underweight. 


C. Disturbance in the way in which one’s body weight or shape is experi- 
enced, undue influence of body weight or shape on self-evaluation, or 
denial of the seriousness of the current low body weight. 


D. In postmenarchal females, amenorrhea, i.e., the absence of at least 
three consecutive menstrual cycles. (A woman is considered to 
have amenorrhea if her periods occur only following hormone, e.g., 
estrogen, administration.) 


Specify type: 


Restricting Type: during the current episode of anorexia nervosa, the 
person has not regularly engaged in binge-eating or purging behavior 
(i.e., self-induced vomiting or the misuse of laxatives, diuretics, or 
enemas). 


Binge Eating/Purging Type: during the current episode of anorexia 
nervosa, the person has regularly engaged in binge eating or purging 
behavior (i.e., self-induced vomiting or the misuse of laxatives, 
diuretics, or enemas). 





SOURCE: American Psychiatric Association. Diagnostic and Statistical Manual of 
Mental Disorders. 4th ed., text revision. Washington (DC): American Psychiatric 
Association; 2000. 


Table 79.2 | DSM-IV-TR Criteria for Bulimia Nervosa 








A. Recurrent episodes of binge eating. An episode of binge eating is 
characterized by both of the following: 


1) Eating, in a discrete period of time (e.g., within any 2-hour 
period), an amount of food that is definitely larger than most 
people would eat during a similar period of time and under 
similar circumstances. 


2) A sense of lack of control over eating during the episode (e.g., a 
feeling that one cannot stop eating or control what or how much 
one is eating). 


B. Recurrent inappropriate compensatory behavior in order to prevent 
weight gain, such as self-induced vomiting; misuse of laxatives, 
diuretics, enemas, or other medications; fasting; or excessive exercise. 


C. The binge eating and inappropriate compensatory behaviors both 
occur, on average, at least twice a week for 3 months. 


D. Self-evaluation is unduly influenced by body shape and weight. 


E. The disturbance does not occur exclusively during episodes of 
anorexia nervosa. 


Specify type: 


Purging Type: during the current episode of bulimia nervosa, the 
person has regularly engaged in self-induced vomiting or the misuse 
of laxatives, diuretics, or enemas. 


Nonpurging Type: during the current episode of bulimia nervosa, 
the person has used other inappropriate compensatory behaviors, 
such as fasting or excessive exercise, but has not regularly engaged in 
self-induced vomiting or the misuse of laxatives, diuretics, or enemas. 





SOURCE: American Psychiatric Association. Diagnostic and Statistical Manual of 
Mental Disorders. 4th ed., text revision. Washington (DC): American Psychiatric 
Association; 2000. 


E Disordered eating behaviors may be more common among 
athletes than in the general population. Although there has 
been variability in prevalence rates of eating disorders in 
athletes, researchers demonstrated that in a sample of elite 
athletes, the overall prevalence of eating disorders was 13.5% 
compared to 4.6% in controls. For elite athletes meeting cri- 
teria for an eating disorder, 32.4% were men (44). Disordered 
eating is not confined to female athletes, and assessment of 
eating behavior in both females and males is important. 

E Anorexia nervosa signs and symptoms include increas- 
ing restrictions in food consumption, social avoidance, 
“excessive” physical activity, which may include maintain- 
ing a rigid posture or excessive standing, being hungry less 
often and being full sooner, and beliefs of being too heavy 
despite being thin or underweight. Emotionally, individuals 
may demonstrate depressive symptoms, irritability, and ob- 
sessional thoughts (23). Physically, in addition to amenor- 
rhea in women, individuals may demonstrate constipation, 
headaches, fainting, dizziness, fatigue and cold intolerance, 
dry skin, hair loss, bradycardia, orthostatic hypotension, 
hypoglycemia, hypothermia, and leukopenia (38). 

E Signs and symptoms of bulimia nervosa include some meth- 
ods of getting rid of calories and diminished perceived con- 
trol over eating (23). Binge eating usually occurs very rapidly, 
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often with self-determined “forbidden foods” and while the 
individual is alone. The binge may involve a total calorie 
count from several hundred calories to more than 10,000 
calories (23). Individuals may demonstrate overly restrained 
eating outside of binge eating episodes (23). Physical signs 
and symptoms may include bloating; fullness; lethargy; gas- 
troesophageal reflux disease; abdominal pain; knuckle cal- 
luses; dental enamel erosion; hypochloremic, hypokalemic, 
or metabolic alkalosis; hypokalemia; and elevated salivary 
amylase (38). However, none of these physical signs and 
symptoms may be present, and the individual may still be 
engaging in regular binging and compensatory behaviors. 


E Risk factors for developing disordered eating include: 


E Psychological factors such as body dissatisfaction, nega- 
tive affect, low self-esteem, and perfectionism; sociocul- 
tural factors promoting unrealistic thinness standards; 
and participation in a variety of sports, not only sports 
promoting lean builds (e.g., gymnastics, figure skating) 
(21). For men, distance running, wrestling, body build- 
ing, lightweight football, horseracing, rowing, and ski 
jumping have been associated with disordered eating. 


The National Athletic Trainers Association presented recom- 


mendations for preventing, detecting, and managing disor- 

dered eating in athletes (5). Key recommendations include 

the following: 

E Develop policies and plans for detecting and managing 
disordered eating and establish screening methods to 
identify disordered eating as soon as possible. It is un- 
likely that athletes will self-identify eating problems. 

E Screening should include measures designed specifically 
for athletes, interviews, observations of behavior, and 
monitoring of body composition. Standard eating disor- 
der screening measures may not have been validated with 
athletes. The ATHLETE Questionnaire has been shown 
to be a valid and reliable measure of psychological pre- 
dictors of disordered eating among athletes (20). 


E When disordered eating is suspected, health care provid- 
ers should conduct a thorough evaluation. If treatment 
is indicated, medical, dietary, behavioral, and cognitive 
interventions are necessary for effective treatment. 

The “female athlete triad” was coined by the American 

College of Sports Medicine’ (ACSM) in 1992 to describe 

three interrelated conditions of functional hypothalamic 

amenorrhea, premenopausal osteoporosis, and disordered 

eating that often occur together in female athletes (31). 

E Inthe most recent ACSM position stand on the female ath- 
lete triad (32), it is recommended that females are screened 
for symptoms at preparticipation or annual health screen- 
ing exams. Athletes who demonstrate one of the triad 
components should be screened for the other components. 


E According to the ACSM (32), treatment for those dem- 
onstrating the female athlete triad should focus on in- 
creasing energy availability (7.e., increasing energy intake 
and/or reducing energy expenditure) through nutritional 
counseling. Those who are demonstrating disordered 


Table 79.3 | DSM-IV-TR Criteria for Substance 


Abuse 








A. A maladaptive pattern of substance use leading to clinically signifi- 
cant impairment or distress, as manifested by one or more of the 
following, occurring within a 12-month period. 


1) Recurrent substance use resulting in a failure to fulfill major role 
obligations at work, school, or home (e.g., repeated absences 
or poor work performance related to substance use; substance- 
related absences, suspensions, or expulsions from school; neglect 
of children or household). 


2 


SS 


Recurrent substance use in situations in which it is physically 
hazardous (e.g., driving an automobile or operating a machine 
when impaired by substance use). 


3 


oS 


Recurrent substance-related legal problems (e.g., arrests for 
substance-related disorderly conduct). 


4 


2 


Continued substance use despite having persistent or recurrent 
social or interpersonal problems caused by or exacerbated by 
the effects of the substance (e.g., arguments with spouse about 
consequences of intoxication, physical fights). 


B. The symptoms have never met the criteria for substance depen- 
dence for this class of substance. 





SOURCE: American Psychiatric Association. Diagnostic and Statistical Manual of 
Mental Disorders. 4th ed., text revision. Washington (DC): American Psychiatric 
Association; 2000. 


eating and eating disorders should receive nutritional 
counseling and individual psychotherapy. It may be nec- 
essary to restrict athletes not adhering to treatment rec- 
ommendations from training and competition. 


Alcohol Use and Dependence 


E In a survey of 19,676 college student athletes by the National 
Collegiate Athletic Association (NCAA) regarding substance 
use habits, 76.9% reported using alcohol in the preceding 
12 months, making it the most commonly abused substance 
by athletes (45). 

E Alcohol use has declined since 1989; however, the num- 
ber of student-athletes consuming five or more drinks in 
one sitting has increased (45). 


= Almost 60% of student-athletes reported that they believed 
that their use of alcohol had no effect on their general 
health or athletic performance (45). 

E According to the 2005 NCAA survey, 77.7% of college 
student-athletes reported they began drinking before 
entering college (45). 

E The DSM-IV-TR delineates criteria for whether a substance 
abuse disorder (Table 79.3) or substance dependence disorder 
(Table 79.4) exists. A diagnosis of alcohol dependence requires 
that the criteria for alcohol withdrawal are met (Table 79.5). 


E A helpful screening tool in determining whether the athlete 
is a problem drinker is the Alcohol Use Disorders Identifica- 
tion Test (AUDIT-C) (8). 

E The AUDIT-C is scored on a scale of 0—12 (scores of 0 
reflect no alcohol use) by summing the circled numbers 
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Table 79.4 | DSM-IV-TR Criteria for Substance 
Dependence 





Table 79.5 | DSM-IV-TR Criteria for Alcohol 


Withdrawal 








A maladaptive pattern of substance use, leading to clinically significant 
impairment or distress, as manifested by three or more of the follow- 
ing, occurring within the same 12-month period. 


1) Tolerance, as defined by either of the following: 


(a) Need for markedly increased amounts of the substance to 
achieve intoxication or desired effect. 


(b) Markedly diminished effect with continued use of the same 
amount of the substance. 


2 


=e 


Withdrawal as manifested by either of the following: 


(c) The characteristic withdrawal syndrome for the substance (refer 
to criteria A and B of the criteria sets for Withdrawal from the 
specific substances). 


(d) The same (or a closely related) substance is taken to relieve or 
avoid withdrawal. 


3 


oS 


The substance is often taken in larger amounts or over a longer 
period than was intended. 


4) A persistent desire exists to cut down or control substance use along 
with many unsuccessful attempts to do so. 


5) A great deal of time is spent in activities necessary to obtain the 
substance (e.g., driving long distances), use the substance, or recover 
from its effects. 


6) Important social, occupational, or recreational activities are given 
up or reduced because of substance use. 


7) The substance use is continued despite knowledge of having a per- 
sistent or recurrent physical or psychological problem that is likely 
to have been caused or exacerbated by the substance (e.g., continued 
drinking despite recognition that an ulcer was made worse by 
alcohol consumption). 





SOURCE: American Psychiatric Association. Diagnostic and Statistical Manual of 
Mental Disorders. 4th ed., text revision. Washington (DC): American Psychiatric 
Association; 2000. 


in each of the four columns and then summing the values 
to obtain a total severity score (see Table 79.6). 

E In men, a score of 4 or more is considered positive; in 
women, a score of 3 or more is considered positive. 

E Generally, the higher the AUDIT-C score, the more likely 
it is that the patient’s drinking is affecting his or her 
health and safety. 

E If the AUDIT-C score is positive, health care providers 
should conduct a brief intervention. This includes bring- 
ing attention to the elevated level of drinking, inform- 
ing the athlete about the effects of alcohol on health, 
recommending limiting use or abstaining, exploring and 
supporting in choosing a responsible drinking goal, and 
follow-up and refer for specialty treatment, if indicated. 


Tobacco Use and Dependence 


E In 2005, the NCAA revealed that among all athletes, 14.1% 
had smoked cigarettes and 16.3% had used smokeless 


A. Cessation of (or reduction in) alcohol use that has been heavy and 
prolonged. 


B. Two (or more) of the following, developing within several hours to 
a few days after Criterion A: 


1) Autonomic hyperactivity (e.g., sweating or pulse rate greater 
than 100) 


Increased hand tremor 


Insomnia 


Transient visual, tactile, or auditory hallucinations or illusions 


2 

3 

4) Nausea or vomiting 
5 

6) Psychomotor agitation 
7 


Anxiety 





8) Grand mal seizures 


C. The symptoms in Criterion B cause clinically significant distress 
or impairment in social, occupational, or other important areas of 
functioning. 


D. The symptoms are not due to a general medical condition and are 
not better accounted for by another mental disorder. 





SOURCE: American Psychiatric Association. Diagnostic and Statistical Manual of 
Mental Disorders. 4th ed., text revision. Washington (DC): American Psychiatric 
Association; 2000. 


tobacco, representing a decrease in use compared to previ- 

ous surveys. 

E The primary reason athletes cite for using tobacco is for 
recreational and social purposes. The most common rea- 


son for not using tobacco or for quitting was concerns 
about health. 


Br) +) (-WA) 


1. How often do you have a drink containing alcohol? 





Never (0) Monthlyor Twoorfour Two to Four or 
less (1) times a three more 
month (2) times per times a 
week (3) week (4) 


2. How many drinks containing alcohol do you have on a typical day 
when you are drinking? 


1 or 2 (0) 3 or 4 (1) 5 or 6 (2) 7 or 9 (3) 10 or 


more (4) 


3. How often do you have six or more drinks on one occasion? 


Never (0) Less than Monthly (2) Weekly (3) Daily or 
monthly almost 
() Daily (4) 





SOURCE: Bush K, Kivlahan DR, McDonell MB, Fihn SD, Bradley KA. The AUDIT 
Alcohol Consumption Questions (AUDIT-C): an effective brief screening test for 
problem drinking. Ambulatory Care Quality Improvement Project (ACQUIP). 
Alcohol Use Disorders Identification Test. Arch Intern Med. 1998;158(16):1789-95. 
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Table 79.7 | The“5 A's” Model for Treating Tobacco 
URE A A G 








Ask about tobacco use Identify and document tobacco use status for 
every patient at every visit. 


Advise to quit In a clear, strong, and personalized manner, 


urge every tobacco user to quit. 


Assess willingness to 
make a quit attempt 


Is the tobacco user willing to make a quit 
attempt at this time? 


Assist in quit attempt For the patient willing to make a quit 
attempt, offer medication and provide or 
refer for counseling or additional treatment 


to help the patient quit. 


For patients unwilling to quit, provide 
interventions designed to increase future 
quit attempts. 


Arrange follow-up For the patient willing to make a quit attempt, 
arrange for follow-up contacts, beginning 


within the first week after the quit date. 


For patients unwilling to make a quit attempt 
at the time, address tobacco dependence 
and willingness to quit at next clinic visit. 





SOURCE: U.S. Department of Health and Human Services. Treating Tobacco Use 
and Dependence: 2008 Update. Rockville (MD): Public Health Service; 2008. 


E Every athlete who uses tobacco products should be offered a 
minimal intervention. An intervention lasting less than 3 min- 
utes can increase overall tobacco abstinence rates (46). The 5 

A’s model is recommended as a brief intervention (Table 79.7). 

Intensive tobacco cessation programs are also available to as- 

sist individuals in their quit efforts. The more effective inter- 

ventions are based on a dose-response relation, with four or 

more sessions yielding higher abstinence rates (46). 

E Other substances used by college athletes include amphet- 

amines (4.1%), anabolic steroids (1.2%), cocaine (2.1%), 

ecstasy (1.1%), ephedrine (2.5%), marijuana (20.3%), and 

psychedelics (2.4%). 

E Overall, the use of these substances has generally de- 
creased, except for the use of amphetamines, which has 
increased. The most common reason students report 
taking amphetamines is for the treatment of ADHD; the 
second most common reason is to increase energy. 


Exercise Dependence and Overtraining 


E Exercise dependence, sometimes described as “exercise addic- 
tion,” is not a DSM-IV-TR diagnosis like alcohol and tobacco 
dependence. Researchers describe exercise dependence as a 
perceived need for physical activity associated with excessive 
exercise behavior with tolerance and/or withdrawal and psy- 
chological symptoms (19). 
E With tolerance, the individual must continually elevate 
the level of exercise in order to achieve the same state of 
feeling good. Withdrawal symptoms can encompass mood 


Psychological Considerations in Physical Activity, Exercise, and Sport 557 


symptoms, such as anxiousness, irritability, depression, 
and restlessness, or even physical symptoms of fatigue 24— 
36 hours after missing a scheduled session of exercise (27). 

E Prevalence rates have ranged from 2%-—30% of the exercis- 
ing population (17). Hypothesized mechanisms for exer- 
cising dependence include affect regulation (i.e., exercise 
enhances positive affect and/or reduces negative affect), 
sympathetic arousal (i.e., hormonal changes maintain 
need for repeated exercise), B-endorphins (i.e., opioid 
peptides produce addictive behaviors), and cytokine over- 
production (i.e., exercise provides relief from symptoms 
associated with overproduction of cytokines, e.g., fatigue, 
poor concentration, anxiety, depression) (17). 

E Ina 2002 systematic review of 88 papers over 29 years, 
the authors concluded that the results of and conclusions 
associated with exercise dependence should be “inter- 
preted cautiously” (p. 118) and “no definitive statement” 
can be made about exercise dependence (19). 


Overtraining involves increased training intensity and/or du- 

ration without adequate recovery (28). An example would be 

a runner who trains at increased distances every day without 

allowing a day of rest or recovery in between sessions. The ulti- 

mate result of this behavior is the opposite of what is pursued 

(i.e., a state of staleness or a lack of performance improvement 

and possibly even deterioration in performance may result). 

There are limited data related to overtraining syndrome (39). 

E Overtraining syndrome can be characterized by fatigue, 
depression, restlessness, and increased resting heart rate, 
to name a few (28). 

E Mood disturbance is one of the key characteristics of the 
overtraining syndrome, and therefore, monitoring of an 
athlete’s mood during increased stress may also be help- 
ful (28). Additionally, athletes who participate in multiple 
sports and endurance athletes (e.g., marathoners) should 
be monitored for signs of overtraining due to the nature 
of their sport behavior (28). 


E Having athletes maintain an exercise diary or log can as- 
sist in identifying whether their exercise behavior is exces- 
sive by examining frequency, duration, context, and type 
of physical activity. Additionally, consultation with the 
athletic coach and family members is recommended (22). 
Use of a pedometer is also an option if excessive exercise 
is suspected. Patients with excessive exercise have logged 
20,000—30,000 steps/day, which is two to three times high- 
er than needed for a healthy lifestyle (40). 

E Clinicians should also assess any functional impact from 
excessive exercise to include interference with important 
activities and whether the patient continues exercising 
despite a physical injury. 


Performance Anxiety 


E Although the exact prevalence of performance anxiety is 


unknown, largely due to methodologic differences across 
studies, performance anxiety in athletes is believed to be very 
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common (34), and an estimated 2% of individuals experi- 
ence debilitating performance anxiety (37). 


Evidence supports the long-term effectiveness of behavioral 
interventions that target the thoughts and behaviors that might 
contribute to the maintenance of performance anxiety (34). 


Behavioral strategies for performance enhancement include 

the use of visual imagery, diaphragmatic breathing, progres- 

sive muscle relaxation, biofeedback, autogenic training, yoga, 

meditation, and desensitization (29). 

E Visual imagery may involve imagining a relaxing scene 
or mental rehearsal of one’s performance and a desired 
course of action. 

E Diaphragmatic breathing is a simple relaxation technique 
that involves taking slow, deep inhalations, concentrating 
on only moving the abdomen, holding each inhalation 
for a few seconds, and then exhaling. 

E Desensitization is a technique in which the athlete gradu- 
ally diminishes anxiety associated with certain perfor- 
mance aspects (e.g., free-throws in basketball) or specific 
anxiety disorders (e.g., social phobia) through gradual 
exposure, either imagined or in vivo, to the feared or 
anxiety-eliciting stimuli. 

Cognitive strategies can also help athletes develop a greater 

sense of arousal control and, more importantly, improve per- 

formance. This might include encouraging the athlete to replace 
any sabotaging negative self-statements (e.g., “I will never make 
this shot”) with reassuring, realistic self-statements (e.g., “I have 
made this shot before and will try my best to make it again”). 
Additionally, goal setting can be an effective strategy for im- 
proving identified areas of performance weakness (20,41). 


Sleep Disturbance 


E Ten to 28% of adults report moderate to severe symptoms 


of insomnia, and the prevalence of a primary insomnia di- 
agnosis is 6% of the population (33). Clinical diagnostic cri- 
teria for primary insomnia as established in the DSM-IV-TR 
include difficulties with sleep onset, sleep maintenance, or 
nonrestorative sleep that last at least 1 month (1). These 
sleep problems must cause clinically significant impair- 
ment in functioning and must not be due to other clinical 
or substance use problems. In athletes, stress and jet lag can 
contribute to disrupted sleep; these disruptions can affect 
physical (e.g., heart rate, VOzmax) and cognitive (e.g., atten- 
tion, concentration, memory) functioning (25). 
Management of sleep difficulties can include both nonphar- 
macologic and pharmacologic interventions. 


E Cognitive-behavioral interventions, including sleep educa- 
tion, sleep hygiene, sleep restriction, and stimulus control 
strategies, have been well studied and can lead to long-term 
benefits (30). For athletes, use of such strategies can be 
helpful in both the short-term (e.g., before competitions) 
and for long-term impacts on performance. 

4 Stimulus control interventions assist the patient with 
associating the bed with sleep. Patients are instructed 


to only use the bed for sleep and sexual activity (e.g., 
no reading or watching TV in bed), to go to bed only 
when sleepy, to get out of bed if not asleep within 
10-15 minutes, and to stay out of bed until they are 
sleepy. If, when they return to bed, they still do not 
fall asleep within 10-15 minutes, they should again 
get out of bed until they are ready to fall asleep. Each 
morning, patients should wake at the same time and 
avoid naps throughout the day. 

M1 Sleep restriction therapy requires determining the 
average amount of sleep an individual obtains at night, 
setting a consistent wake time, and then setting the 
time that the individual would go to sleep by working 
backwards based on the average sleep time and wake 
time. If someone typically sleeps 6 hours and wants to 
wake at 5:00 a.m., they would go to sleep at 11:00 p.m. 


E Pharmacologic interventions for primary insomnia are 
not ideal; however, they can sometimes be used as an 
acute intervention on a short-term basis (25). 


2 Hypnotics, such as zolpidem and zopiclone, have been 
shown to improve sleep disruption, and use should gen- 
erally be short term (< 4 weeks) and low dose, and the 
athlete should concurrently adjust sleep hygiene (25). 





REHABILITATION 





Injury Rehabilitation 


Seven million U.S. children, adolescents, and adults (i.e., 

25.9 episodes per 1,000 persons) endure sports or recre- 

ational-related injuries each year (10). The injured athlete 

may not only present with a concern about the injury itself, 
but also with concern over the impact of the injury on pres- 
ent and future performance and concerns regarding the 
nature of the rehabilitation process (41). Injury, particularly 
head injury, is among the most common factors associated 

with suicide among athletes (3). 

There are multiple models to guide rehabilitation, includ- 

ing the stages of return to sport model, the biopsychosocial 

model, and the self-determination theory model (36). 

E The stages of return to sport model includes five physical 
and psychological stages including initial return, recovery 
confirmation, return of physical and technical abilities, 
high-intensity training, and return to competition. Move- 
ment between these stages is dependent on injury healing, 
physical conditioning, and psychological rehabilitation (36). 

E The biopsychosocial model applied to injury rehabilita- 
tion among athletes requires an understanding of how 
the physical, behavioral, cognitive, emotional, and social 
factors influence each other and the recovery process. 
An understanding of the relations between these factors 
allows the health care provider to more effectively target 
areas for treatment (Table 79.8) (41). The provider may 
then choose from among several effective interventions 


CHAPTER 79 





Table 79.8 | Biopsychosocial Factors in Injury 
Rehabilitation 











Physical Where is the injury? What is the frequency, intensity, 
factors and duration of any associated pain? Are there any 
other current significant medical problems? What is 
their energy level? How is their sleep? What is their 
history of sports injuries? 


Behavioral Are they adhering to the rehabilitation program? 
factors Do they put forth their best effort at rehabilitation 
sessions? Are there any substance abuse issues 
(e.g., alcohol, tobacco, excessive eating)? How have 
they changed their life since the injury (e.g., have they 
skipped important responsibilities?)? 


Cognitive What is their attitude about the injury, the treatment 
factors they have received, and the rehabilitation process? Do 
they engage in predominantly positive or negative 
self-statements? 


Emotional Have they recently felt more sad, anxious, upset, and/ 
factors or irritated than they would have liked? Do they 
have any fears about returning to their sport? Are 
they experiencing grief over the loss of their sport or 
exercise activity? 


Relationship Do they have an adequate social support system? 
factors Have coaches and/or teammates been constructive 
in the rehabilitation process? Have they changed 
their behavior toward family and friends (e.g., more 
isolative)? Are they experiencing any relationship 
difficulties/stressors as a result of the injury? 





SOURCE: Robinson CS. Psychology and the injured runner: recovery enhancing 
strategies. In: O'Connor FG, Wilder RP, Nirschl R, editors. Textbook of Running 
Medicine. New York: McGraw-Hill; 2001. p. 621-28. 
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challenging, realistic, performance based, and monitored 
for completion can enhance injury recovery (9). 

E Studies have shown that belief in the efficacy of treatment 
is correlated positively with adherence to the treatment 
plan (7). 

E When determining whether an athlete is ready to return to 
competition, it is valuable to establish a specified process that 
includes discussing prospective return dates with the athlete, 
determining that the athlete is physically ready to return to 
the sport, assessing the confidence level of the athlete, and 
identifying who will be responsible for making the final deci- 
sion about the return to the sport (36). 


Referral to Specialty Behavioral 
Health Services 


E It is important that health care providers are vigilant of 
symptoms that may warrant referral for more extensive be- 
havioral health assessment and treatment and that they are 
aware of the appropriate professionals to consider when 
making referrals for athletes (41). 

E The term “sport psychologist” is not well defined, and it 
should not be assumed that someone who describes them- 
selves as a sport psychologist is qualified to provide clinical 
assessment or treatment services. 


E The American Psychological Association recognizes sport 
psychology as a proficiency that is acquired with specialty 
training after doctoral training in psychology and licensure 
as a psychologist. Some “sport psychologists” may be pri- 


to tailor a rehabilitation program to meet the athlete’s 
needs. This might include the use of imagery and other 
mental devices, increasing social support, pain manage- 
ment, and/or other cognitive-behavioral techniques such 
as self-management training (41). 


E The self-determination theory model suggests that when 
athletes are preparing to return to their sport, they may 
demonstrate competence concerns (e.g., worry about re- 
injury and inability to perform at their preinjury level), 
relatedness concerns (e.g., they may perceive themselves as 
isolated and lacking social support from their teammates 
and coaches), and autonomy concerns (e.g., they may per- 
ceive pressure from others to return to the sport, or they 
may worry that others view them as unfit, unskilled, or not 
as good as they were prior to the injury) (21,36). There- 
fore, assisting athletes with anxiety management, increas- 
ing confidence, maintaining or improving social support 
and involvement with the sport, and fostering personal 
autonomy may help reduce return-to-sport concerns (35). 

E Regardless of the model used for rehabilitation, goal setting 

and belief that the treatment will work have been shown to 

be important for effective rehabilitation. 

E Goal setting is particularly important in rehabilitation. 
Writing short- and long-term goals that are specific, 


marily researchers, and other individuals may have no or 
limited training in psychology. When making a referral to 
a psychologist for clinical assessment or treatment services 
for behavioral health conditions in athletes, ask whether the 
individual is a “licensed psychologist” with specialized train- 
ing in sport and performance psychology (9). 
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Complementary and 
Alternative Medicine 


Anthony I. Beutler, David K. Gordon, and Wayne B. Jonas 





WHAT IS COMPLEMENTARY AND 
ALTERNATIVE MEDICINE? 





E Many different medical systems and medical practices exist 
in the world today including traditional Oriental medicine, 
Native American practices, Ayurveda, and Western biomedi- 
cine (to name only a few). 

E Western biomedicine is the medicine practiced in American 
hospitals and taught in American medical schools. Western 
biomedicine is neither the oldest nor the most widely 
used medical system in the world today. The World Health 
Organization estimates that a substantial portion the world’s 
population receives their medical care outside the Western 
biomedical system (43). 

E The term “complementary and alternative medicine (CAM)” 
is Western biomedicine’s term for all medical practices that 
lie outside its boundaries. CAM’s boundaries are imprecise 
and constantly changing as Western scientific methods are 
applied to study and establish the efficacy of “outside” medi- 
cal practices in the treatment of Western biomedical disease 
states. For instance, is massage therapy an adjunct to standard 
athletic care or a CAM treatment? Is glucosamine supple- 
mentation for osteoarthritis (OA) pain a Western biomedical 
therapy or a CAM therapy (43)? Some practices are both. 

B® CAM is often called “traditional” or “indigenous” medicine. 
Most recently, the term “integrative medicine” has been 
proposed for general use. Because the National Institutes of 
Health (NIH) still uses the CAM terminology, this chapter 
will refer to these diverse systems and practices as CAM. 





WHO USES COMPLEMENTARY AND 
ALTERNATIVE MEDICINE? 





E Many developing countries rely on CAM practices to pro- 
vide most of the health care for their citizens. 

E Americans spend more than $33 billion each year (most of 
it unreimbursed by insurance) on CAM practices. Visits to 
U.S. CAM practitioners rose from 400 million per year in 
1990 to 600 million per year in 1996 and have continued to 








increase steadily. Approximately 40% of the U.S. population 
(compared with 75% of the population of France) report 
using a CAM practice at least once during the year (8,20). 
Among Western CAM consumers, 95% use CAM in a “com- 
plementary” fashion or in addition to Western biomedi- 
cine. Only 5% use CAM exclusively, or as an “alternative” to 
Western biomedicine (7). 

Studies reveal that CAM users in the United States tend to be 
more educated, more affluent, more holistic in their view of 
health care, and more likely to have chronic pain or a chronic 
disease than nonusers of CAM (7,12,20). Past reports indicat- 
ed that some minorities, such as African Americans, were less 
likely to use CAM. However, a more recent study specifically 
designed to assess CAM use among minorities found no dif- 
ference in CAM use among ethnic groups (42). Women con- 
sistently use CAM more than men, as they do all medical care. 
CAM therapies are popular for both major and minor illness- 
es. Roughly half of patients with human immunodeficiency 
virus (HIV) and half of patients diagnosed with cancer will 
try CAM therapies to combat their illnesses. However, CAM 
therapies are less commonly used to treat diseases for which 
Western biomedicine offers safe, effective treatments. For 
instance, although 57% of patients with diabetes mellitus 
type 2 report using CAM treatments, only 20% report trying 
CAM therapies to treat their diabetes (75). 





DO ATHLETES USE COMPLEMENTARY 
AND ALTERNATIVE MEDICINE? 





No comprehensive study of CAM use among athletes is 
available (72). One study at a single Division I National 
Collegiate Athletic Association (NCAA) institution found 
that 56% of athletes (67% of women, 49% of men) used 
CAM. Eighty percent of these athletes used CAM in addi- 
tion to traditional Western medicine (48). Common sense 
and common experience suggest that CAM use should be 
regarded as the rule, not the exception, in athletes. 
According to the 2002 National Health Interview Survey 
(NHIS), CAM use is more prevalent in adults who engage in 
physical activity during leisure time (8). 
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E Athletes may use CAM therapies to enhance performance, 
decrease recovery time after workouts, or speed return to 
play following an injury. 

E Examples of CAM treatments commonly used by athletes to 
enhance performance include caffeine (guarana), creatine, 
ginkgo biloba, hormone supplements, and ephedra. Exam- 
ples of CAM treatments typically used for pain control or ac- 
celerated return to play include iontophoresis, microcurrent, 
spinal manipulation, homeopathic arnica, and acupuncture. 

E The high pressure and high stakes of athletic competition, to- 
gether with the exceptionally small margin that separates success 
from failure, demand that sports medicine physicians exercise 
great vigilance in protecting the athletes entrusted to their care. 





WHERE CAN | FIND GOOD EVIDENCE ON 
COMPLEMENTARY AND ALTERNATIVE 
MEDICINE THERAPIES? 





The best type of evidence to use in evaluating a CAM therapy 
depends on: 


E Risks posed by the therapy 
E Cost of the therapy 
E Information preference of the individual patient 


E Availability of other proven, effective, and safe therapies 
for the patient’s condition 

E Randomized controlled trials (RCTs) are important for eval- 
uating high-risk and/or high-cost therapies because RCTs 
provide essential safety and risk—benefit data. However, RCTs 
have some important limitations. RCTs are difficult and ex- 
pensive to sustain for long periods of study. Additionally, the 
results of an RCT depend greatly on the careful selection of 
the all-important “control” group (38). 

E Clinical outcomes research is another, less recognized type of 
research trial that is useful in studying CAM therapies. Out- 
comes research is more similar to clinical practice than RCTs: 
It involves a wider range of patients over longer periods of 
time and allows for variations in care caused by interactions 
with multiple providers. Outcomes research examines the 
probability that a therapy will produce a beneficial effect and 
provides an estimate of how large that effect will be in every- 
day clinical practice. For long-term, chronic conditions and 
their therapies, outcomes research often provides the only 
relevant evidence (67). 

E Table 80.1 lists a number of sources for obtaining quality evi- 
dence on specific CAM therapies and practices. 

E The patient’s individual beliefs and personality can affect the 
likelihood of therapeutic efficacy. If a patient believes that 
a specific therapy will alleviate their condition, this “prior 
plausibility” has its own therapeutic effect. 

E [f conventional medicine offers a safe, proven therapy that is 









Table 80.1 | Internet Resources — Reliable 
Complementary and Alternative 


Medicine (Cam) Evidence for Physicians 





The Cochrane Library 

The library contains a database of systematic reviews featuring ran- 
domized controlled trials of CAM and conventional therapies, as well 
as a controlled trials register that provides bibliographic listings of 
controlled trials and conference proceedings. 

Abstracts of the reviews and trials are available free of charge at 
http://www.cochrane.org 

Full text copies of all materials are available through several subscription 
services including http://gateway.ovid.com 


PubMed 

The most comprehensive and popular medical search engine has a new 
“clinical queries” filter to assist in limiting your search results to CAM. 
The most comprehensive search is obtained by using the key words 
“complementary medicine.” 

Free access at multiple Web sites including http://www.pubmed.org 


National Center for Complementary and Alternative Medicine 
(NCCAM) 

The clinical trials section contains an index of trials by treatment or 
condition. The index can also be accessed via www.clinicaltrials.gov or 
through PubMed. 

The NCCAM Web site is http://www.nccam.nih.gov 


National Library of Medicine 

Powerful search engine allows searches across all government guide- 
lines, plus PubMed. “Synonym and related terms” search option is 
very helpful for CAM therapies with multiple common names. 

The search engine may be accessed free of charge at http://hstat.nlm.nih.gov 

Individual guidelines from many government agencies can be found at 
http://www.guideline.gov or http://www.cdc.gov/publications 


Natural Medicines Comprehensive Database 

The online database contains comprehensive listings and cross-listings 
of natural and herbal therapies, including very helpful sections on “all 
known uses” and “herb-drug interactions.” The database also offers 
an extensive review of the available pharmacologic evidence. 

From the publishers of The Prescriber’s Letter, the database can be accessed 
via a purchased subscription at http://www.naturaldatabase.com 


ePocrates Rx Pro 

Listing of alternative medicines for mobile devices, but does not 
contain information on nonmedicinal modalities (acupuncture or 
manipulation). Provides names, common uses, suggested dosages, 
and a multicheck feature that checks the patient’s medical regimen for 
drug—drug, herb-herb, and drug—herb interactions. 

Alternative medicine content is available only with the purchase of 
ePocrates Rx Pro, not with the free version of ePocrates Rx. 
http://www.epocrates.com 








HOW DO I ADVISE MY PATIENTS ABOUT 
COMPLEMENTARY AND ALTERNATIVE 
MEDICINE THERAPIES? 





E Ninety-five percent of patients who use CAM therapies also 


acceptable to the patient, any potential CAM therapy must 
pass equally stringent evidence standards for efficacy and 
safety before being considered as a viable treatment option. 


use conventional, Western biomedicine. However, over 60% 
of these patients do not inform their physicians of their CAM 
therapy use (19). This “CAM communication gap” results 
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in a wasteful, and potentially dangerous, patient—physician 
environment. 

E Patients who use CAM practices possess character traits that 
incline them to active participation and partnering in their 
medical care (20). A physician who refuses to discuss and 
denies any knowledge of CAM treatments does not alter the 
patient’s need for partnering, but merely forces them to seek 
association elsewhere — thus widening the already precipi- 
tous CAM communication gap. 

HB Many effective strategies can be used to partner with patients 
on CAM therapies. However, we recommend the strategy 
proposed by Jonas (37). He suggests that depending on the 
specific patient and the specific treatment, physicians should 
protect, permit, or promote CAM therapies (37). 


Protecting from Harm 


E Many CAM practices are inherently low risk when performed 
or prescribed by competent providers. However, herbal rem- 
edies and high-dose vitamin supplementation (both very popu- 
lar CAM therapies) can cause serious or fatal consequences (17). 

E “Natural” does not equal “safe,” contrary to the popular con- 
ceived connotation. Herbs and vitamins have real effects, real 
side effects, and real toxicities. Even without direct toxicity, 
herb-herb and herb-drug interactions can be severe. Other 
quality issues such as contamination, varying potencies, and 
differing absorption rates abound in the poorly regulated 
domain of nutritional supplements (17). 

E Biofeedback, meditation, prayer, and acupuncture pose mini- 
mal risk for direct toxicity. However, even these “safe” prac- 
tices may indirectly result in harm if used in place of more 
effective treatments. The physician should detail the risks and 
benefits (both direct and indirect) of all therapeutic options. 

E Ephedra (or ma huang) especially in combination with caf- 
feine (or guarana), chromium picolinate, and pulsed mag- 
netic field therapy are examples of therapies from which 
patients should be protected. (See later section on specific 
CAM treatments.) 


Permitting Unproven, Nontoxic Therapies 


E Physicians may experience trepidation in allowing patients 
to engage in unproven practices or therapies. But if the ther- 
apy has no toxicity and is not used in place of a proven effec- 
tive treatment, the practice can be safely permitted and may 
be encouraged. 

E The physician’s ultimate goal should be to relieve patient 
suffering. Patients welcome relief — and physicians should 
do likewise — even should relief come through nonquan- 
tifiable means (spiritual effect, placebo effect, belief, prior 
plausibility) (46). 

E Homeopathic arnica, acupuncture, spinal manipulation, 
ginkgo biloba supplementation, and many other CAM ther- 
apies can be safely permitted when properly administered 
and appropriately prescribed. 


Promoting Proven Treatments 


E Physicians should promote safe, effective treatments regard- 
less of their medical system of origin. Western biomedicine 
has adopted and should continue to incorporate proven 
techniques and therapies from other systems of medical 
care (37). 

E Glucosamine supplementation is a prime example of a 
CAM therapy that should be promoted for individuals with 
knee OA. Acupuncture and massage for back pain are other 
examples of proven CAM therapies to be promoted. 





WHAT’S THE CURRENT EVIDENCE 
FOR OR AGAINST SOME POPULAR 
COMPLEMENTARY AND ALTERNATIVE 
MEDICINE TREATMENTS? 





E Summaries of the evidence for and against a few of the most 
popular CAM treatments used by athletes and the general 
population appear in the following sections. They are orga- 
nized into the sections of Prevent, Permit, and Promote. 


Prevent 


Herbs and Supplements 
E Ephedra (ma huang, herbal ecstasy, zhong mahuang) 

(10,16,32,34) 

E Primary use: Weight loss or enhanced athletic perfor- 
mance, endurance. Less commonly used for respiratory 
conditions or asthma. 

E Evidence: Ephedra can potentiate a small weight loss of 
2-5 kg over 6 weeks to 6 months, but only in patients 
with body mass index over 30. The weight loss is typi- 
cally transient and often requires combination with other 
stimulants (i.e., caffeine or guarana). Multiple studies 
show no performance-enhancing effect unless combined 
with caffeine/guarana or used in very high dosages. 

E Toxicity: High dosages and combination with caffeine 
known to increase toxicity. High dosages can cause 
dizziness, restlessness, anxiety, palpitations, hyperten- 
sion, myocardial infarction, seizure, stroke, and psycho- 
sis, among other conditions (18,24,34,36,47,69). Fatal 
events have been reported. Newer evidence suggests that 
toxicity can occur with short-term use in low doses as 
well (24,34). Capsules have been found to contain many 
impurities, including banned substances. 


E Regulated/banned: Banned by the Food and Drug 
Administration (FDA) and the International Olympic 
Committee (IOC) (25). 

E Conclusion: Ephedra products, especially ephedra/ 
guarana combinations, are banned substances, are not 
safe, and have been demonstrated to cause consider- 
able harm. As negative publicity builds, “ephedra-free” 
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versions of products appear, but there is no evidence that 
these will be any safer than the original formulations. 


E Chromium picolinate (12,26,45,56) 


Primary use: Increase lean body mass, improve glycemic 
control in diabetes, enhance athletic performance, and 
increase energy. 

Evidence: While earlier, design-flawed studies suggested 
some beneficial effects, newer studies show no ergogenic 
or fat-burning effects. Some studies suggest slight, dose- 
dependent improvements in diabetes control and lipid 
profiles. 

Toxicity: Tremor and cognitive, sleep, and mood chang- 
es have been reported as side effects. Concern exists for 
potential DNA mutations with long-term exposure to 
chromium supplementation. 

Regulated/banned: No. 

Conclusion: Although inexpensive and minimally toxic 
with short-term use, real concern exists for DNA muta- 
tions with long-term use or high chromium levels. Since 
the reported benefits are very small and the risk of long- 
term toxicity potentially great, patients should avoid this 
supplement. 


Other CAM Therapies 
E Pulsed electromagnetic field (PEMF) therapy (1,9,35) 


Primary use: Decrease pain and stiffness in OA. 
Evidence: The beneficial effect of PEMF therapy in de- 
layed union fractures is well established. Similar magnetic 
fields have been found to stimulate proteoglycan produc- 
tion in vitro in chondrocytes. However, despite abundant 
anecdotal Internet reports, a recent Cochrane review 
found only three quality articles in the scientific litera- 
ture. The review found that PEMF produced statistically 
significant but clinically insignificant changes in knee OA 
pain and disability. The optimum dosage and frequency 
of PEMF — as well as acceptable technical standards for 
the PEMF equipment — remain unknown. The cost of 
PEMF can exceed $200 per day. 

Toxicity: Unknown. The effects of pulsed electromag- 
netic fields on human tissues have not been well studied. 
Regulated/banned: No. 

Conclusion: Patients should be advised that PEMF’s 
small benefits in OA pain and stiffness are outweighed 
by uncertain side effects, incomplete technical data, and 
high cost. Other proven-effective, lower cost treatments 
for OA exist and are favored over PEMF therapy. 


Permit 


Herbs and Supplements 
E Ginkgo leaf (49,51,62) 


Primary use: Combat memory loss and slow progres- 
sive dementia. Also used to relieve vascular claudication 
symptoms. 


Evidence: Most studies suggest that ginkgo leaf can slow 
dementia progression and increase cognitive function in 
middle-aged adults without subjective memory loss. In 
some countries, ginkgo is the standard of care (in place 
of cholinesterase inhibitors) for Alzheimer dementia. 
However, a large NIH-funded RCT showed no benefit 
in slowing memory loss in early dementia whether Al- 
zheimer or non-Alzheimer related (55). Limited evidence 
also suggests that ginkgo may improve walking distance 
in vascular claudication. 

Toxicity: Mild gastrointestinal (GI) upset and constipa- 
tion are the most common side effects reported. How- 
ever, ginkgo has anticoagulant properties and lowers the 
seizure threshold. Ginkgo has been linked to spontane- 
ous bleeding. It should not be used in patients taking 
other anticoagulants or in those with a seizure disorder 
or in combination with other drugs that lower seizure 
threshold. 

Regulated/banned: No. 

Conclusion: In appropriately selected patients, ginkgo 
is a permissible complement to conventional drug treat- 
ments, especially if the patient prefers ginkgo supple- 
mentation. 


E St. John’s wort (SJW) (12,13,31,54,74) 


Primary use: Antidepressant, anxiolytic, anti-insomnia, 
and adjunct to weight-loss uses are commonly described. 
Evidence: Most evidence suggests SJW to be effective for 
mild to moderate depression. SJW may also be effective 
in obsessive-compulsive disorders. Severe depression is 
not reliably treated by SJW, and higher dosages of SJW 
increase the risk for severe skin reactions. 

Toxicity: Insomnia, restlessness, and GI distress are com- 
mon. Hypericin doses over 5 mg d“' increase risk for 
photodermatitis. SJW has fewer side effects than tricyclic 
antidepressants or selective serotonin reuptake inhibitor 
antidepressants; however, the potential for severe herb- 
herb and drug—herb interactions — including serotonin 
syndrome — is greater with SJW. SJW can accelerate the 
metabolism of drugs cleared by the P450 enzyme system 
and should not be used by those on immunosuppressants 
or antiviral medications without monitoring. 


Regulated/banned: Not banned by athletic regulatory 
agencies. However, due to the risk of serious drug in- 
teractions, the distribution of SJW was recently banned 
in France. The governments of Japan, the United King- 
dom, and other European countries are considering 
similar bans. 


Conclusion: In monitored patients with mild-moderate 
depression, SJW therapy is acceptable if the patient has a 
simple, compatible medical regimen and strongly prefers 
SJW to conventional drug treatment. 


E Creatine (63,66,73) 


Primary use: Decrease workout recovery time, improve 
muscular strength/athletic performance. 
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E Evidence: Many studies document increases in repetitive E Evidence: Many studies document that ginseng supple- 
strength tasks of less than 30 seconds in duration. Certain mentation has no ergogenic effects. Similarly, Panax ginseng 
individuals who have low baseline levels of creatine may has not been shown to improve memory when used alone 
experience a more pronounced effect. but has been demonstrated to have efficacy when combined 
Toxicity: Common side effects include GI upset, diarrhea, with ginkgo supplementation in middle-aged individuals. 
and mild muscle cramping. Case reports have attempted E Toxicity: Insomnia, tachycardia, and palpitations become 
to implicate creatine in everything from cardiomyopathy more common with high doses. Mastalgia, vaginal bleed- 
to renal failure to rhabdomyolysis, but these effects are ing, and amenorrhea are likely related to the estrogenic 
difficult to distinguish from the effects of volume deple- effects of ginseng. Long-term use is not well studied. 
tion and heat illness. Creatine’s ergogenic effects are largely Ginseng will intensify the effects of other common stimu- 
negated by caffeine consumption. lants (caffeine, guarana, and tea). 

Regulated/banned: Not a banned substance, but the E Regulated/banned: No. 
NCAA prohibits universities from providing creatine for E Conclusion: Studies suggest minimal toxicity with short- 


their athletes. 


Conclusion: A discussion of risks and benefits is critical 
to creatine. After thorough discussion with an athlete, 
creatine use can be permitted in otherwise healthy pa- 
tients involved in strength-related events. Creatine should 
not be used in pediatric athletes (unclear safety), athletes 


pose to bleeding if used with other anticoagulants. 


term use, but long-term use is more difficult to justify 
since estrogenic risks may outweigh the unclear benefits. 
However, further studies continue to explore other pos- 
sible indications for ginseng supplementation. 


E Homeopathy (Arnica) (22,61,64,65) 


E Primary use: Relief of delayed-onset muscle soreness 
with kidney disease, or athletes prone to dehydration (os- (DOMS). 
mo FOR Or teate predisposes 1 dehydration anid E Evidence: Homeopathic arnica is more properly viewed 
intensifies subsequent heat illness). For most athletes, : : ae 
: . as an alternative medical system with many distinct, 
creatine has no proven benefit. In fact, the increased body inaemiachlosle aterventions No sinde homeopathic 
mass (2—4 kg) caused by creatine supplementation may i 8 i pas, 
A . : treatment has been conclusively proven to be effective 
umpa Peron mance ir endurancenvents: in reducing DOMS. Small trials of diverse remedies of- 
m Chondroitin (40,41,58) fer contradictory conclusions for homeopathy in DOMS. 
E Primary use: Improving pain and stiffness from OA. Poor design, differing methodologies, and differing defi- 
E Evidence: Several trials suggest (size and design limit- nitions of DOMS predictably plague these trials. 
ing) that chondroitin and ibuprofen are more effective E Toxicity: No side effects above placebo levels have been 
than ibuprofen alone for improving OA symptoms. Ad- reported. Reports of severe allergic reactions appear to be 
ditionally, the drugs have different times to onset of ac- rare. Extreme dilution of homeopathic remedies makes 
tion. Ibuprofen reaches maximum efficacy in a matter of direct toxicity highly unlikely. 
days; chondroitin is maximally effective over a few weeks. E Regulated/banned: No. A few states credential homeo- 
Chondroitin is typically sold in varying combinations with pathic physicians. 
glucosamine, pene and MAGNS IMEN Some data E Conclusion: The homeopathic system of medicine is 
suggest the combination of glucosamine and chondroitin complex and has not yet been adequately evaluated. 
treatment to be more effective than the single agent alone. However ite-costs and toncities ate low in thehandsof 
Toxicity: Mild GI distress is the most common side trained professionals. Current research does not support 
effect. Combination tablets can exceed safe daily doses of its use for DOMS. 
manganese and cause central nervous system irritability. 
Chondroitin has a heparinoid structure and may predis- Other CAM Therapies 


E Transcutaneous electrical nerve stimulation (TENS) (29) 


Regulated/banned: No. E Primary use: Relief of low back pain. 
Conclusion: Although less convincing than glucosamine E Evidence: While RCTS are lacking, a recent Cochrane re- 
(see later section), some evidence supports chondroitin view found that TENS is effective at providing pain relief 
use in OA. Several studies with 5+ years of follow-up re- and improving range of motion in patients suffering from 
port no adverse events related to chondroitin use. Given chronic low back pain. 
the moderately high cost of chondroitin tablets, a 6- to E Toxicity: There is no known toxicity associated with 
8-week trial period is advisable. If no clinical effect is not- TENS. Patients can experience mild discomfort and 
ed during this trial, chondroitin should be discontinued involuntary muscle contraction due to the electrical 
due to cost considerations. stimulation of the nerves. 
E Panax ginseng (3,21,71,76) E Regulated/banned: No. 
E Primary use: Improve cognitive function and athletic E Conclusion: Early, poor-quality data indicate this treat- 


performance and increase energy. ment modality is effective with minimal side effects. The 
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cost of TENS devices may be prohibitive, and more stud- 
ies with improved academic rigor are needed. 


E Massage (27) 


Primary use: Relief of low back pain and relief of DOMS. 


Evidence: A recent Cochrane review found that when 
massage is combined with exercises and education, it 
might be beneficial for relief of subacute and chronic low 
back pain. This review found that acupuncture massage is 
more effective than traditional massage, but more studies 
are needed. A more recent study found two types of mas- 
sage (deep tissue and relaxation) to be more effective than 
conventional therapy for low back pain (14). A review of 
17 case series found no consistent evidence that massage 
improved exercise performance but did find a trend sup- 
porting massage as effective in relieving DOMS (11). 


Toxicity: None. 
Regulated/banned: No. 


Conclusion: While further studies are needed, massage is 
a low-cost treatment modality with negligible side effects 
that can be used along with traditional pain relief and 
rehabilitation modalities for relief of subacute and chron- 
ic low back pain. Current evidence does not support mas- 
sage to relieve specific sports-related injury or pain. 


E The role of expectation in physical performance 


Primary use: Placebo used in concert with patients’ ex- 
pectations on whether they expect to perform well or not. 


Evidence: In a recent review, Pollo et al. (52) provide 
examples where physiologic or pathologic conditions 
are altered following the administration of an inert sub- 
stance with verbal instructions that induce expectations 
of a change. Placebo effects can extend beyond the clini- 
cal setting, in the domain of physical performance, and 
have implications for sport competitions. 


Toxicity: Placebo (from negative expectations) may pro- 
duce adverse effects, and deception is ethically problem- 
atic. 


Regulated/banned: No, but ethical issues can be associ- 
ated with deception. 


Conclusion: Despite very different experimental condi- 
tions and across many different outcomes measured, data 
strongly indicate context factors and athletes’ expecta- 
tions as important factors in physical performance to be 
taken into account in training strategies and exercises. 


E Spinal manipulation (4—6,39,53,68) 


Primary use: Relief of low back pain/stiffness, relief of 
DOMS, and speeding return to play following low back 
injury. 

Evidence: Majority of evidence suggests spinal manip- 
ulation to be at least as effective as but not superior to 
conventional treatment for acute or chronic low back 
pain. Nine of 10 well-designed RCTs in a recent review 
concluded that spinal manipulation provided more pain 
relief than control treatments. However, differences 


between manipulation techniques make conclusions dif- 
ficult to generalize. Additionally, several recent Cochrane 
reviews have found that there is no clinically relevant dif- 
ference in pain reduction between spinal manipulation 
and other standard therapies. Manipulation may require 
more physician visits than conventional care, increasing 
the cost of therapy. Health insurers may reimburse some 
of this cost. 

Toxicity: Rare case reports of stroke, paralysis, or spinal 
cord damage are mostly related to cervical spine manipu- 
lation and occur at a frequency of one per millions of ma- 
nipulations. No severe complications have been reported 
from over 15,000 patients enrolled in monitored RCTs. 


Regulated/banned: No. 


Conclusion: Competently performed lumbar spine ma- 
nipulation is safe and likely effective for low back pain, 
although it may be at higher cost than other therapies 
and may not provide any greater benefit than these lower 
cost therapies. 


Promote 


Herbs and Supplements 
E Glucosamine sulfate (15,23,44,50,57,70) 


Primary use: Relief of stiffness and pain in OA and tem- 
poromandibular joint dysfunction (TMJ). 


Evidence: Despite a recent high-quality meta-analysis 
showing no benefit in glucosamine supplementation 
(70), multiple trials have demonstrated superior ef- 
ficacy of glucosamine sulfate to placebo. So why is this 
issue still not settled? The issue centers around the qual- 
ity of clinical trials performed to date. While the large 
NIH-sponsored Glucosamine/chondroitin Arthritis 
Intervention Trial (GAIT) trial showed no efficacy for 
glucosamine overall, this trial was hampered by a 60% 
placebo response rate, far above that seen in clinical prac- 
tice. Further review of the GAIT trial shows an overen- 
rollment of patients with very mild OA symptoms and an 
underenrollment of patients with more clinically relevant 
moderate to severe OA symptoms. The subgroup analy- 
sis of patients with moderate—severe symptoms showed 
glucosamine/chondroitin combination to be significant- 
ly more effective than placebo and more effective than 
celecoxib in relieving OA pain (15). Other studies are 
hampered by industry sponsorship. The results of the 
meta-analyses vary greatly depending on which studies 
they include and how heavily each study result is weight- 
ed. The upcoming results (expected mid-2012) of the 
Long-Term Evaluation of Glucosamine Sulphate Study 
(LEGS) should answer most of the lingering questions 
regarding glucosamine sulfate supplementation. Insuffi- 
cient data exist to determine if glucosamine slows the rate 
of OA progression. Knee OA is the most widely studied, 
but efficacy data also exists for glucosamine in TMJ and 
OA of the hand and spine. 
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E Toxicity: Mild GI distress (comparable to placebo levels) 
has been reported. Concerns for exacerbations of diabetic 
control or reactions in patients with shellfish allergy ap- 
pear to be unfounded. Despite disagreement regarding 
efficacy, all published data show that glucosamine sulfate 
supplementation is extremely safe for all adults. No data 
exist regarding use in pregnant women and children. 
Patients on renal dialysis should not use glucosamine 
sulfate since metabolites are cleared via the kidney. 


E Regulated/banned: No. 


E Conclusion: Glucosamine provides effective relief of 
OA symptoms for some patients with at least moderate 
symptoms. A 6- to 8-week trial of glucosamine supple- 
mentation should be promoted as safe and likely effective 
for OA pain, especially in the senior athlete population 
where comorbidities may limit other treatment options. 
Glucosamine supplementation should be discontinued if 
no clinical response occurs after a 6- to 8-week trial due 
to its moderate cost. 


Other CAM Therapies 
E Acupuncture (2,28,30,33,59,60) 


E Primary use: Relief of acute and chronic low back pain, 
chronic neck pain, OA, and lateral elbow pain. 


E Evidence: Acupuncture may be considered as a separate 
medical system or an adjunct to other therapies. There 
are conflicting data regarding the effectiveness of acu- 
puncture for acute low back pain. However, for treatment 
of chronic low back pain, acupuncture has been found 
to be more effective than no treatment or sham treat- 
ments for short-term pain relief and functional improve- 
ment. It should be noted that acupuncture has not been 
found to be more effective than other complementary or 
alternative treatments for chronic low back pain. There 
is moderate evidence now showing that acupuncture is 
effective for immediate pain relief of chronic neck pain, 
and this relief persists at short-term follow-up. For lateral 
elbow pain, a recent Cochrane review found insufficient 
evidence to make any recommendations. RCTs of acu- 
puncture for low back pain are contradictory and poorly 
designed. Acupuncture has been proven effective in re- 
ducing postoperative pain and relief of nausea. 


E Toxicity: Broken needles, pneumothorax, and infectious 
disease transmission are anecdotally reported, but un- 
likely in the hands of licensed professionals. Pain, fatigue, 
bleeding, and fainting are the most common side effects. 


E Regulated/banned: No. Over 30 states license acupunc- 
turists. The FDA has approved acupuncture needles as 
experimental devices. 

E Conclusion: There is a growing body of clinical experi- 
ence and RCT evidence indicating that acupuncture is ef- 
fective for pain relief. Also, acupuncture is low cost and 
does not carry with it the side effects or risks of seda- 
tion, renal toxicity, GI bleeding, or addiction common to 
many conventional pain treatments. For these reasons, 
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acupuncture — under the care of a trained professional 
— can be recommended to patients for pain relief so long 
as acupuncture is not thought to be a cure for a mus- 
culoskeletal injury that needs rehabilitation or surgery. 
It is most advisable that patients use acupuncture as an 
adjunct to proven treatments for pain relief. 
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Eric W. Carson 


E Prior to return to play following surgery, athletes must 
demonstrate resolution of pain and swelling, attainment of 
normal range of motion (ROM) and strength, and ability to 
perform sport-specific skills with normal biomechanics and 
be psychologically ready. 

E A knowledge of postoperative rehabilitation protocols and 
time frames for return to training and competition will assist 
sports medicine physicians caring for the postoperative patient. 





ANTERIOR CRUCIATE LIGAMENT 
RECONSTRUCTION (2,7,8) 





E Preoperative restoration of ROM is important to minimize 
risk of arthrofibrosis postoperatively. 

E Athletes generally return to running by 3 months and full 
sport activity by 4-6 months. 


Preoperative Rehabilitation Phase 


E Preoperative goals include control pain and swelling, res- 
toration of normal ROM, and the development of muscle 
strength sufficient for normal gait and activities of daily 
living (ADLs). 

E Suggested ROM exercises include the following: 

E For extension: Passive knee extension sitting in a chair 
with the heel on the edge of a stool or chair, heel props 
with a rolled towel under the heel, and the prone hang 
exercise. 

E For flexion: Passive knee bend while sitting on the edge of 
a table, wall slides, and heel slides. 

E Muscle strength is developed with the stationary bicycle, 
elliptical cross-trainer, leg press machine, leg curl machine, 
and treadmill walking. 


Postoperative Days 1-7 


E Immediate postoperative goals include control of pain and 
swelling, care for the knee and dressing, early ROM exercises 
(with an emphasis on full passive extension), activation of 
the quadriceps muscles, and gait training. 
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Special Considerations for 
Postoperative Athletes 


E Inflammation is controlled swelling with elevation and 
cryotherapy. Narcotics are appropriate early postoperatively 
to control pain. Nonsteroidal anti-inflammatory drugs are 
avoided because they may decrease graft incorporation. 

E Early ROM emphasizes extension. The knee immobilizer is 
removed every 2-3 hours while awake. The heel is positioned 
on a pillow or rolled blanket or towel with the knee unsup- 
ported, and the knee is allowed to sag into full extension for 
10-15 minutes. Active-assisted extension is performed by 
using the opposite uninjured leg and contracting the quadri- 
ceps muscles to straighten the knee from the 90-degree posi- 
tion to 0 degrees. Passive flexion of the knee to 90 degrees is 
performed with the uninjured leg while sitting. 

ŒE Quadriceps exercises include isometric contractions with the 
knee fully extended and straight leg raises (SLRs) with the 
knee immobilizer on. 

E Following patellar tendon graft procedures, hamstring iso- 
metric contractions are also performed. 

E For patients who have had anterior cruciate ligament recon- 
struction using the hamstring tendons, it is important to 
avoid excessive stretching of the hamstring muscles during 
the first 6 weeks after surgery. 


Postoperative Days 8-10 


Œ Goals during postoperative days 8-10 emphasize mainte- 
nance of full extension: The athlete continues quadriceps 
isometrics, SLR, active flexion, and active-assisted extension 
exercises. It is emphasized to continue removing one’s leg 
from the knee immobilizer four to six times a day for 10-15 
minutes at a time to perform extension exercises. 


Postoperative Week 3 


E During postoperative week 3, goals include maintenance of 
full extension, achievement of 100-120 degrees of flexion, 
and development of enough muscular control to wean from 
the knee immobilizer. In addition to extension exercises and 
passive flexion, active flexion exercises are added. 

E Additional muscular strengthening exercises include partial 
squats and toe raises. Stationary bike is used with no or low 
resistance. 
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E Crutches are discontinued and the knee immobilizer is dis- 
continued when good muscle control of quadriceps muscle 
is achieved. 


Postoperative Weeks 3-4 


E Goals for weeks 3—4 include advancement of ROM and 
strengthening. Expected ROM is from full extension to 100- 
120 degrees of flexion. Wall slides assist with flexion. Strength- 
ening exercises and stationary bike are continued. The elliptical 
machine and inclined leg presses (from 0-70 degrees) are add- 
ed. For those with patellar tendon graft, seated hamstring curls 
are initiated (hamstring curls are avoided until week 8-10 in 
patients with hamstring graft). Upper body exercise machines, 
swimming pool walking, flutter kick, water bicycle, and water 
jogging promote general conditioning. 


Postoperative Weeks 4-6 


E Goals for weeks 4-6 include 125 degrees of flexion pushing 
toward full flexion and continued strength building. The 
athlete continues quad sets, SLR, partial squats, toe raises, 
stationary bike, elliptical machine, leg presses, and leg curls. 
Tilt board or balance board exercises for balance and pro- 
prioception training are added. 


Postoperative Weeks 6-12 


E Strengthening, general conditioning, and tilt and balance 
board are continued. Flexion is advanced with goal of 135 
degrees of flexion. Treadmill walking without incline is com- 
menced and road bike on flat roads permitted. 


Postoperative Weeks 12-20 


E Running and agility drills are introduced. The athlete contin- 
ues all of week 6-12 strengthening exercises. Straight forward 
and straight backward running is initiated. Athletes advance 
to agility drills including zig-zags and cross-over drills. 


Postoperative Months 4-6 


Œ Athletes return to sport during this period. Criteria to return 
to sport include the following: resolution of swelling, stable 
knee examination, full ROM, quadriceps/hamstring muscle 
strength at least 80% of the normal leg (Cybex isokinetic 
dynamometer evaluation), KT 2000 arthrometric evalua- 
tion with a < 3-mm side to side difference, and the ability to 
complete a running program. 





ARTHROSCOPIC PARTIAL MEDIAL/ 
LATERAL MENISCECTOMY 
REHABILITATION (4,15) 





E Return to run in 4 weeks. Return to sports in 4—6 weeks. 


E Preoperative rehabilitation emphasizes ROM and quadriceps 
strengthening. 
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Phase 1: Days 1-10 


Postoperative Days 1-3 

E Crutches are used as needed with weight bearing as toler- 
ated. Cryotherapy and a light compression wrap are used. 
Electrical stimulation is used to stimulate the quadriceps. 
Stretching emphasizes full extension. Flexion is permitted to 
tolerance. Strengthening exercises include SLR, hip adduc- 
tion and abduction, and one-quarter and/or one-half squats. 


Postoperative Days 4-7 

Cryotherapy, compression wrap, and electric muscle stimula- 
tion to quadriceps are continued. Knee extension strengthen- 
ing from 90—40 degrees is added. Balance and proprioceptive 
drills are added. 


Postoperative Days 7-10 
E Leg presses with light weight, toe raises, and hamstring curls 


are added. Bicycling is allowed when swelling is resolved and 
ROM from 0 to 105 degrees is achieved. 


Phase 2: Day 10 to Week 4 


E During phase 2, the athlete should achieve full nonpainful 
ROM, restore normal muscle strength and endurance, and 
return to functional activities. 


Postoperative Days 10-17 

E Strengthening and coordination exercises include lateral lung- 
es, front lunges, half squats, leg press, lateral step-ups, knee 
extension (90—40 degrees), hamstring curls, hip adduction 
and abduction, hip flexion and extension, and toe raises. Pro- 
prioceptive, balance and stretching exercises continue. Bicycle, 
StairMaster, and elliptical promote motion and endurance. 


Postoperative Day 17 to Week 4 


E Exercises are continued. Pool program (deep water running 
and leg exercises) is initiated. A compression brace may be 
used during activities. 


Phase 3: Advanced Activity Phase — Weeks 4-7 


E The athlete will return to sport during phase 3. Progres- 
sion to phase 3 requires resolution of pain and effusion, full 
ROM, and adequate strength based on satisfactory isokinetic 
test. Strengthening emphasizes closed-chain exercises. Plyo- 
metrics and agility drills are added. Running commences at 
week 4, and the athlete progresses to sport activity. 





MENISCUS REPAIR REHABILITATION 
PROTOCOL (12,13) 





E Return to running at 3 months; return to sports at 4 months. 


Phase 1: 0-2 Weeks 


E Partial weight bearing (50%) in brace locked in extension 
is permitted during the first 2 weeks. While non—weight 
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bearing, flexion to 90 degrees is permitted. Quad sets, SLRs, 
and hamstring isometrics are performed. Exercises are gen- 
erally performed outside of the brace; however, if hamstring 
control is poor, exercises are performed in the brace. Patel- 
lar mobilization is performed. Special attention is given to 
avoiding weight bearing with flexion > 90 degrees. 


Phase 2: 2-8 Weeks 


E The brace is locked to allow 90 degrees of flexion. Weight 
bearing as tolerated. The athlete continues phase 1 exercises. 


Phase 3: 8-12 Weeks 


E Full weight bearing and full ROM. Strengthening progresses 
to include closed-chain activities, hamstring strength, lunges 
from 0 to 90 degrees, proprioception/balance program, leg 
press from 0 to 90 degrees of flexion only, and stationary bike. 


Phase 4: 12-16 Weeks 


E Progress to single-leg hops, jogging, plyometrics, sideboard, 
and sports-specific drills. The athlete returns to sport during 
this phase. 





ANKLE BROSTROM-GOULD PROCEDURE 
REHABILITATION (9) 


E Return to run in 4 months. Return to sports in 5—6 months. 


Phase 1: 0-6 Weeks 


E During the first 6 weeks, the patient is non—weight bearing in 
a cast. No exercises are performed. 


Phase 2: 6-12 Weeks 


E At 6 weeks, the cast is removed, and the patient is placed 
in a controlled ankle motion (CAM) walker. Partial weight 
bearing with crutches is done for 2 weeks (weeks 6-7), 
and then full weight bearing in the CAM walker is allowed 
during week 8. The CAM walker is removed at the end of 
week 8, and an air cast ankle splint is used for an additional 
3 weeks. 

E Passive ROM is performed in dorsiflexion, plantarflexion, 
and eversion. Strengthening is initiated with three-way Ther- 
aband isotonics (dorsiflexion, plantarflexion, and eversion). 
Inversion is avoided through 12 weeks. Stationary bike is 
used for conditioning. 

E During weeks 6-8, additional exercises include seated pro- 
prioceptive drills, leg press, knee extension, and swimming. 

E During weeks 8-9, vertical squats, side and front lunges, lat- 
eral step-ups, and water walking are added. 

E During weeks 10-12, proprioceptive drills, stairclimber, and 
pool running are added. 


Phase 3: 4-5 Months 


E Phase 2 exercises are continued. A return to running pro- 
gram begins. Plyometric, agility, and sport-specific training 
programs commence. 


Phase 4: 5-6 Months 


E During this final phase, strengthening (closed chain), plyo- 
metric, running, agility, and sport-specific training continue 
progressing to a return to full sport activity. 





HIP ARTHROSCOPY REHABILITATION: 
LABRAL DEBRIDEMENT/LABRAL 
REPAIR/ACETABULOPLASTY/ 
OSTEOCHONDROPLASTY (3,14) 





E Return to running in 8—9 weeks. Return to sports in 12-13 
weeks. 


Phase 1: 0-4 Weeks 


E Following labral debridement, patients are allowed to weight 
bear as tolerated. Following labral repair, osteoplasty, or cap- 
sular repair, partial weight bearing (20 lb or less) is adhered 
to for the first 4 weeks. 

E Following labral repair and capsular repair, flexion is limited 
to 90 degrees for 10 days, extension and external rotation are 
limited to 0 degrees for 3 weeks, and abduction is limited to 
25 degrees for 3 weeks. Internal rotation is freely permitted. 

E Following osteoplasty, flexion is limited to 90 degrees for 
10 days. No limits are placed on extension, abduction, inter- 
nal rotation, or external rotation. 

E Exercise during week 1 includes passive ROM emphasizing 
internal rotation and piriformis stretch, quadriceps sets, glu- 
teal sets, transversus abdominis isometrics, stationary bike 
with minimal resistance, and aquatic therapy/water walking. 

E During week 2, heel slides, quadruped rocking, hip abduc- 
tor/adductor isometrics, prone internal rotation/external ro- 
tations isometrics, and uninvolved knee to chest are added. 

E During week 3, three-way leg raises (abduction, adduction, 
and extension), double-leg bridging (with SPRI band around 
knees), and water jogging are added. 

E During week 4, side-lying clams (external rotation), SLR, 
and leg presses (light weights) are added. 


Phase 2: 4-8 Weeks 


E Criteria for progression to phase 2 include minimal pain 
with phase 1 exercises, ROM = 75% of uninvolved side, and 
proper muscle firing patterns for initial exercises. 

E Crutches are weaned and weight bearing as tolerated permit- 
ted. Once patient is weight bearing without crutches, phase 2 
strengthening is commenced. Full ROM is permitted. 
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Precautions: No ballistic or forced stretching; no treadmill; 
avoid hip flexor, adductor, or piriformis inflammation. 
During week 4, the following exercises are added: one-third 
partial squats, side bridges, and stationary bike with resistance. 
During week 5, manual long-axis distraction and manual an- 
terior/posterior mobilizations are performed (delay 2 weeks 
with capsule repair). Additional exercises include hip four- 
way/multi-hip machine, single-leg balance/stability exercises 
(foam/DynaDisc), and advanced bridging/lumbopelvic sta- 
bilization progression. 

During week 6, lateral shuffles (SPRI band), Euroglide skat- 
ers, lateral step downs, single-leg partial squats, and ellipti- 
cal/StairMaster are added. 

During weeks 7-8, single-leg resisted rotation with cords and 
golf progression commence. 


Phase 3: 9-13 Weeks 


Criteria for progression to phase 3 include full ROM, normal 
gait, hip flexion strength > 60% of the uninvolved side, and 
hip adduction/abduction, extension, internal rotation, and 
external rotation strength > 80% of the uninvolved side. 
This phase focuses on a return-to-run program, agility drills, 
and return to sports. 





ARTHROSCOPIC ROTATOR CUFF REPAIR 
PROTOCOL (6) 


Philosophy: This protocol is designed to serve as a guide for 
the clinician to rehabilitate a patient following massive or 
fragile rotator cuff repair procedures. Time frames allow for 
optimal healing and should be used as criteria for advance- 
ment along with a patient’s functional ability. 

Return to sport following rotator cuff repair generally occurs 
at 6 months. 

Preoperative exercises emphasize regaining as much of nor- 
mal ROM and strength as possible. 


Phase 1: 0-4 Weeks 


Immediately postoperatively, focus is on protection of the 
repair and education regarding rotator cuff repair precau- 
tions. Passive ROM is limited to forward flexion and scap- 
tion. Scapular awareness exercises are initiated. 

Precautions: The athlete must wear sling at all times except 
when exercising for 6 weeks. No active ROM (AROM) or 
active-assisted ROM (AAROM) is permitted during phase 1. 
No passive internal rotation stretching is allowed for 4 weeks. 
External rotation stretching is limited to 45 degrees only. No 
strengthening is performed during this phase (and is avoided 
for 12 weeks). 

Phase 1 exercises include PROM for flexion, scaption, and ex- 
ternal rotation (to 45 degrees); grade II and III glenohumeral 
mobilizations in anterior, inferior, and posterior directions; 
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manual scapular resistance exercises; Codman’s exercise in all 
directions; active elbow flexion and extension; gripping exer- 
cises for the hand; and cervical AROM in all directions. 


Phase 2: 4-12 Weeks 


During phase II, passive ROM (PROM) is allowed in all direc- 
tions. AAROM is initiated at weeks 4—6 and AROM at week 6. 


Precautions: No AROM is permitted until 6 weeks. Strength- 
ening is avoided until 12 weeks. Patients must avoid abnormal 
scapular substitution patterns with initiation of active mo- 
tion, particularly substitution pattern of the upper trapezius. 
Exercises during weeks 4—6 include PROM in all planes and 
AAROM for flexion, abduction, external rotation, and inter- 
nal rotation (pulleys, wand, etc.), cueing for good scapular 
positioning/scapulohumeral rhythm. Trunk stabilization 
exercises are initiated. Lower extremity strengthening and 
cardiovascular exercises that are nonstressful to the shoulder 
promote general conditioning. 

During weeks 6-12, AROM commences for flexion and 
scaption with emphasis on scapular awareness to minimize 
the upper trapezius influence. Add active scapular retraction 
and prone Houston exercises and bicep and triceps strength- 
ening with bands only. The extremity is used for light ADLs. 


Phase 3: 12-24 Weeks 


Goals of phase 3 include achievement of full AROM in all 
directions with normal scapulohumeral rhythm and mini- 
mal to no shoulder pain with light to moderate ADLs. 


Shoulder strengthening is initiated. 


Precautions: All strengthening should be performed below 
90 degrees until normal scapular rhythm and sufficient rota- 
tor cuff strength are achieved. Exercise bands only (no free 
weights) are used for first 4 weeks of strengthening. 


Exercise: 
E Continue PROM and joint mobilization as needed. 


E Initiate strengthening of rotator cuff, deltoid, and scapu- 
lothoracic musculature with exercise bands only. Can 
progress to free weights 4 weeks later if good control is 
present. General progression recommended: 


4 Prone scapular program 

1 Integrate functional patterns 
Increase speed of movements 
mi 


Integrate kinesthetic awareness drills into strengthen- 
ing program 





4 Progress to closed-chain dynamic stability activities 

E Initiate proprioceptive training, closed-chain exercises, 
proprioceptive neuromuscular facilitation patterns, and 
trunk stabilization/strengthening. 


Phase 4:6 Months 


At 6 months, ADLs are performed without restriction. If suf- 
ficient strength exists, the athlete may commence a return 
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to golf and lifting program. Stretching and rotator cuff, 
scapulothoracic, and trunk strengthening program is con- 
tinued. Plyometrics may commence. 





BANKART LABRAL (ANTERIOR/ 
POSTERIOR) REPAIR AND SUPERIOR 
LABRAL TEAR (SLAP LESION) REPAIR 
REHABILITATION PROTOCOL (1,5) 


Phase 1: 0-4 Weeks 


E During the first 4 weeks postoperatively, the ultra-sling/ 
immobilizer is worn at all times except for hygiene and exer- 
cises with physical therapist. 


E During this time, internal rotation is permitted as tolerated. 
Active and active-assisted abduction and external rotation are 
limited to 40 degrees. Forward flexion is limited to 140 degrees. 

ŒE Addition exercises include elbow/wrist/hand ROM, grip 
strengthening, and isometric abduction, external rotation, 
and internal rotation exercises with elbow at side. 


Phase 2: 4-6 Weeks 


E AROM/AAROM/PROM is increased gradually to full ROM 
as tolerated. Gentle joint mobilizations (grade I—II) assist with 
motion. Elbow and wrist exercises continue. Scapular stabiliza- 
tion, Theraband exercises, and prone extensions are initiated. 


Phase 3: 6-12 Weeks 


E During phase 3, the athlete continues scapular stabilizing 
exercises. Posterior capsular stretching is added. Internal/ 
external rotation isometrics are advanced to light isotonic 
exercises. Theraband is advanced to lightweights. 


Phase 4: 4-6 Months 


E Strengthening and ROM exercises are advanced during phase 
4. Sports-specific exercises prepare for a return to sports dur- 
ing this phase. 





LATERAL EPICONDYLE DEBRIDEMENT/ 
RELEASE REHABILITATION (10,11) 





E Return to modified work activity with affected extremity 
after 4 weeks. Return to sports in 8-12 weeks. 


Phase 1: Days 1-7 


E A sling for is used for comfort. Cryotherapy three times a day 
controls edema. A wrist splint minimizes wrist extension. 
An elbow pad may be used to protect surgical site. Exercises 
include active shoulder ROM, periscapular exercises, and 
elbow/wrist/hand ROM. 


Phase 2: Weeks 2-4 


E The sling is discontinued. Continue cryotherapy three times 
a day. Tubigrip compression may be used to help control 
edema. PROM and AAROM are permitted to end-range of 
patient’s tolerance. Submaximal isometrics are initiated. 


Phase 3: Weeks 5-7 


E Cryotherapy and ROM are continued. An elbow counter- 
force brace is applied. Strengthening is advanced as tolerated 
to include weights or Theraband with an emphasis on endur- 
ance training of wrist extensors. Gentle massage along and 
against fiber orientation is performed. A modified return to 
activity using the upper extremity is permitted. 


Phase 4: Weeks 8-12 


Œ Rehabilitative exercise is continued. A gradual return to 
sports and functional activities is performed. 
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Baseball 


Catherine N. Laible, Dennis A. Cardone, and Eric J. Strauss 





OVERVIEW 





E America’s pastime is one of the most popular sports played 
today. It has been estimated that more than 8.6 million chil- 
dren ages 6-17 are involved in youth baseball in the United 
States (16). 

E Although classified as a “limited contact” sport, the inci- 
dence of injury ranges between 2% and 8% of participants 
per year (12). 

H Serious injuries are associated with blunt chest impact and 
head and eye trauma. 


Æ Most injuries involve soft tissue trauma or throwing injuries. 





BACKGROUND 





ŒE Biomechanics of overhand throwing depends on adequate 
transfer of momentum. This kinetic energy is produced from 
larger slower muscles and transferred to smaller faster body 
parts (9). 

Anatomy of the shoulder includes the sternoclavicular joint, 
acromioclavicular joint, glenohumeral joint, and scapulo- 
thoracic joint. The glenohumeral joint is a complex joint 
involving many static stabilizers including the joint capsule, 
glenoid labrum, glenohumeral ligaments, and dynamic sta- 
bilizers including the rotator cuff musculature. 

E Anatomy of the elbow includes the ulnotrochlear joint, 
radiocapitellar joint, and proximal radioulnar joint. Further 
stabilizers include the medial and lateral collateral ligament 
complexes. Musculature of the elbow includes the biceps 
brachii, brachioradialis, brachialis, triceps, anconeus, supi- 
nator, and pronator teres. 

E Ossification of the pediatric elbow is important to under- 
stand, because age can help determine the injury pattern. 
Ligaments are stronger than the physis, and therefore, the 
injury is more likely to involve the bone than the soft tissue. 
The distal humerus has four ossification centers; the radius 
and ulna each have one. The capitellum is the first to ossify, 
followed by the radius, the medial epicondyle, the trochlea, 
the olecranon, and finally the lateral epicondyle. 

E Six phases of throwing: (1) Windup begins with initial move- 
ment of the pitcher, the deltoid abducts the arm, and ends 








when the hands come apart or ball leaves the nondominant 
hand. (2) Early cocking begins when the hands come apart, 
the deltoid abducts the arm, the infraspinatus and teres minor 
externally rotate the shoulder, and ends when the front leg 
is extended and strikes the ground. (3) Late cocking begins 
when the front foot strikes the ground, the glenohumeral 
joint externally rotates, and ends when the shoulder is maxi- 
mally externally rotated. (4) Acceleration begins with the ball 
moving forward, horizontal adduction and internal rotation 
of shoulder, and ends when ball is released. (5) Deceleration 
occurs after the ball is released. (6) Follow-through ends 
when motion stops. 

Pitchers develop a shift in the rotational arc of motion of the 
shoulder, with an increase in external rotation and a com- 
pensatory decrease in internal rotation. 


Deliveries include overhead, three-quarters, and sidearm, 
each with their own specific risks of injury. 





COMMON INJURIES 


E Rotator cuff injuries vary from mild forms of tendonitis 


and impingement to complete tears. They are often due to 
overuse injuries and can be associated with joint instability. 
Examination findings include a positive Neer’s sign, positive 
Hawkin’s sign, and pain and weakness with resistive mus- 
cle testing. If a tear is suspected, the rotator cuff can be 
visualized on magnetic resonance imaging (MRI). Treat- 
ment varies from nonsteroidal anti-inflammatory drugs 
(NSAIDs) and physical therapy to surgery, depending on the 
severity of the injury. 

Instability can be due to labral injury, trauma, poor mechanics, 
overuse, or generalized joint laxity. Symptoms include pain 
during the acceleration phase of throwing. Physical examina- 
tion findings include a positive apprehension and relocation 
test, a positive load-and-shift test, and possibly generalized 
ligamentous laxity. MRI or MRA is the diagnostic modality 
of choice to evaluate the status of the glenoid labrum. Treat- 
ment includes physical therapy with scapular stabilization 
exercises and, if severe or unresponsive to conservative treat- 
ment, may include surgical repair. 


Superior labral injuries may occur due to trauma, instability, 
poor mechanics, or changes in throwing or training. Symp- 
toms include painful clicking, pain with overhead actions, and 
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pain with acceleration. SLAP lesions (superior labrum anterior 
posterior) are common in throwers. Internal impingement 
is found primarily in pitchers. It occurs during the cocking 
phase and is caused by repetitive contact between the under- 
surface of the rotator cuff insertion on the greater tuberosity 
and the posterosuperior glenoid with abduction and external 
rotation of the shoulder during the cocking phase of throwing. 
Examination findings include a positive clunk test, a positive 
grind test, and a positive O’Brien’s test. MRI is the diagnostic 
modality of choice to evaluate the status of the superior 
labrum. Conservative treatment includes physical therapy, 
rest, and NSAIDs. For internal impingement, stretching of the 
posterior structures is advised. Treatment is surgery if conser- 
vative therapies fail. 

Bennett lesion is a region of mineralization at the posterior- 
inferior glenoid rim. This ossification is unique in throwing 
athletes and is often associated with rotator cuff injuries 
or instability. Symptoms are usually related to secondary 
shoulder pathology, and diagnosis is made with a computed 
tomography (CT) scan. Conservative treatment is favored 
over surgical intervention (3). 

Osteochondritis dissecans (OCD) of the humeral capitellum is 
often due to repetitive valgus stress across the radiocapitellar 
joint. Symptoms can include lateral elbow pain associated 
with throwing, as well as clicking and locking during elbow 
motion. Crepitus and limited extension may be found on 
examination, and loose bodies may be seen on plain films. 
Diagnosis can be made on x-rays or MRI; however, MRI is 
needed to determine whether the lesion is stable or unstable. 
Fractures, avascular necrosis, and accessory centers of ossifi- 
cation have been reported to be associated with OCD (14). 
Treatment depends on degree of lesion displacement and 
includes conservative measures such as rest, ice, and NSAIDs, 
as well as operative treatments including surgery. 


Olecranon stress fracture results from repetitive concentric 
firing of the triceps muscle, typically occurring during pitch- 
ing. Physical examination typically shows point tenderness 
over the olecranon and pain during the pitching motion. 
Diagnosis can be made on CT or MRI and can sometimes be 
seen on plain x-ray. Treatment primarily consists of rest, and 
repeat imaging can assist with determining when the fracture 
is healed. 


Ulnar collateral ligament injury often occurs in throwing 
athletes from repetitive valgus stress, causing medial elbow 
instability and pain. Physical examination findings include 
decreased extension, tenderness over the course of the ulnar 
collateral ligament, and laxity and pain with valgus stress 
testing. Plain x-rays may be negative; however, ultrasound 
and MRI can assist with the diagnosis (13). Conservative 
treatment includes rest, ice, and NSAIDs. Indications for 
surgery include chronic instability, failed conservative treat- 
ment, or a complete third-degree tear. 

Ulnar neuritis can result from direct trauma to the medial 
elbow or repetitive overuse. Symptoms include pain at the 
medial elbow, as well as paresthesias in the fourth and fifth 


digits. Examination includes pain reproduced with cubital 
tunnel pressure, a positive Tinel’s sign at the cubital tunnel, 
and distal hand weakness. Treatment includes rest, elbow 
range-of-motion exercises, and rarely surgery for failed con- 
servative therapy. 

E Little leaguer’s elbow is an overuse injury found in skeletally 
immature pitchers, resulting from repetitive throwing. The 
throwing motion causes injury to the medial epicondyle 
apophysis. Examination is significant for medial elbow ten- 
derness. Treatment includes rest and throwing modifications. 


E Valgus extension overload is seen primarily in pitchers and 
is also known as posterior impingement of the elbow. It is 
caused by contact between the bone and soft tissues in the 
olecranon fossa during repetitive forced extension, which 
leads to osteophyte formation on the posteromedial olec- 
ranon. This, in turn, leads to chondromalacia of the medial 
aspect of the olecranon fossa, as well as injuries to the medial 
collateral ligament (MCL) and the radiocapitellar joint. 
Symptoms include pain with elbow hyperextension. Physical 
exam may show valgus instability if the MCL is also injured. 
X-rays may reveal osteophytes or loose bodies. Treatment 
includes rest, throwing modification, ice, and NSAIDs. Sur- 
gical treatment to resect the osteophyte may be performed 
arthroscopically or open. 


E Commotio cordis is dysrhythmia or cardiac arrest occurring 
after a direct blow to the chest. Numerous cases of batters hit 
by a baseball causing sudden death have heightened aware- 
ness and controversy for safer and softer baseball use (2,6). 
Chest protectors may also be used for better prevention (17). 


Head injuries occur often in baseball due to wild pitches, 
swinging bats, and hit baseballs often striking fans or 
spectators. The most common mechanism of injury is direct 
ball impact to players on the field (10). 





ASSOCIATED INJURIES 





E Oral cancer is a concern in many baseball players using chewing 
tobacco. Education should be directed toward prevention. 


E Eye injuries are typically the result of wild pitches and struck 
baseballs. Baseball is the leading cause of sports-related eye 
injuries in children (1). Because of this, new helmet designs 
feature an extended face guard, and sports goggles are 
recommended for runners on base. 

E Abdominal injuries have been reported from sliding, collisions, 
falls, and direct impact of the baseball. Common injuries 
to the abdomen include muscular contusion, rectus sheath 
hematoma, and spleen and renal injury. Careful physical 
examination is important, and CT imaging is often necessary 
to make a final diagnosis (11). 

E Aneurysm of midaxillary artery is rare but has been reported 
in baseball players and should be considered in the differ- 
ential diagnosis of a throwing athlete with hand pain and 
paresthesias. Arterial embolization in the arm or hand 


may occur and is thought to be due to the forceful down- 
ward displacement of the humeral head or pectoralis minor 
tendon, damaging the arterial intima in throwing athletes. 
Treatment is often surgical revascularization (4,15). 





EQUIPMENT 





Baseball equipment includes batting helmets, athletic sup- 
porters with cups, cleats, batting gloves, aluminum or wooden 
bats, and mouth guards. 

Position-specific equipment includes mask, chest, throat, 
and shin protectors for catchers; toe guards for batters and 
catchers; forearm batting protectors; and gloves or mitts for 
field players. 

Health care professionals have recently proposed the imple- 
mentation of softer baseballs in Little League Baseball to 
reduce the risk of injury. 





REHABILITATION 





Rehabilitation for a baseball player or throwing athlete is 
often injury specific. Physical therapy should include reha- 
bilitation of the large lower body muscle groups and the 
smaller muscle groups of the upper extremity. Strengthen- 
ing often needs to be directed at the rotator cuff and scapu- 
lar stabilizing muscles. 

The phases of rehabilitation include the acute, recovery, 
and maintenance phases. The acute phase concentrates on 
reducing pain and swelling and improving strength. During 
the recovery phase, treatment is focused on pain-free range 
of motion, strength, and improved stability and function. 
The maintenance phase of rehabilitation includes increases 
in power, endurance, strength, and activity-specific function. 
Interval throwing programs (ITPs) are structured to increase 
a pitcher’s strength and endurance before returning to com- 
petitive pitching. ITPs are prescribed after an injury or at the 
start of preseason training. Programs are designed for players 
to reach specific goals, often over a period of 3—4 weeks, and 
combine periods of exercise and rest. Throwing days start 
with warm-ups and stretching and are followed by throwing. 
Throwing distances are gradually increased throughout the 
program. 





PREVENTION 





E Prevention of injuries is directed at proper conditioning, 


proper mechanics, proper equipment, and avoiding overuse 
injuries. 


Œ Pitchers throwing more frequent change-ups have a de- 


creased risk of elbow pain compared to pitchers throwing 
more sinkers (7,8). 
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E Monitoring and limiting innings and pitches pitched in 
Little League Baseball have been implemented to decrease 
the incidence of overuse injuries. 

E Implementing use of safer equipment including break-away 
bases, batting helmets with face guards, and lighter mass 
baseballs in youth play can also help prevent injury (5). 





LITTLE LEAGUE BASEBALL 





E For information on Little League Baseball, including policies, 
rules, and restrictions for pitchers, visit their Web site at 
http://www.littleleague.org. 


The American Academy of Pediatrics 
Recommendations (18) 


E Baseball and softball for children 5 through 14 years of age 
should be acknowledged as relatively safe sports. Catastrophic 
and chronically disabling injuries are rare; the frequency of 
injuries does not seem to have increased during the past two 
decades. 

E Preventive measures should be used to protect young base- 
ball pitchers from throwing injuries. These measures include 
a restriction on the number of pitches thrown in organized 
and informal settings and instruction in proper training, 
conditioning, and throwing mechanics. Parents, coaches, 
and players should be educated about the early warning 
signs of an overuse injury and encouraged to seek timely and 
appropriate treatment if evidence of an injury develops. 

E Serious and potentially catastrophic baseball injuries can be 
minimized by the proper use of available safety equipment. 
This includes the use of approved batting helmets; helmets, 
masks, and chest and neck protectors for all catchers; and 
rubber spikes. Protective fencing of dugouts and benches 
and the use of break-away bases also are recommended, as is 
the elimination of the on-deck circle. Protective equipment 
should always be properly fitted and well maintained. These 
preventive measures should be used in games and practices 
and in organized and informal participation. 

E Baseball and softball players should be encouraged to wear 
polycarbonate eye protectors on the batting helmets to 
reduce the risk of eye injury. These eye protectors should be 
required for functionally one-eyed athletes (best corrected 
vision in the worst eye of less than 20/50) and for athletes 
who have undergone eye surgery or experienced severe 
eye injuries if the ophthalmologists judge them to be at an 
increased risk for eye injuries. These athletes also should 
protect their eyes when fielding by using polycarbonate 
sports goggles. 

E Consideration should be given to using low-impact baseballs 
and softballs for children 5-14 years of age. In particular, 
children younger than 10 years should be encouraged to use 
the lowest impact balls. 
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E Developmentally appropriate rule modifications, such as 
avoidance of headfirst sliding, should be implemented for 
children younger than 10 years. 


E Because current data are limited, the routine use of chest 
protectors is not recommended for baseball players other 
than catchers. 


E Surveillance of baseball and softball injuries should be con- 
tinued. Studies should continue to determine the effective- 
ness of low-impact balls for reducing serious impact injuries. 
Research should be continued to develop other new, im- 
proved, and efficacious safety equipment. 
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Basketball 


Michael Needham and Chad A. Asplund 





INTRODUCTION 





E Basketball has been an organized sport since the 1890s and is 
considered a limited contact sport. It involves a tremendous 
amount of running with explosive movements and rapid 
changes in direction and pace. Extreme stresses on the body 
during play result in many acute musculoskeletal injuries, 
whereas the ability to play year round and at most ages leads 
to many overuse injuries. 

E With the great popularity of basketball, most teams at the 
high school level and beyond have associated physicians or 
certified athletic trainers who are responsible for injury pre- 
vention and medical care; however, care for the athlete falls 
to the hands of many health care providers because many 
injuries occur outside of organized play (21,35). 

E Injury rates in basketball are increasing as popularity rises 
and the nature of the sport becomes more aggressive (8,35). 





EPIDEMIOLOGY 





E Nearly one million people are involved in basketball injuries 
each year in the United States. Population-based injury rates 
are 3.9 per 1,000, but player injury rates are seen as high as 
50% in some European professional leagues (16). 

E An epidemiologic study of 100 representative U.S. high 
schools over the 2005-2006 and 2006-2007 seasons reported 
an injury rate of 1.94 per 1,000 athlete exposures (AEs) (8). 

E Several studies demonstrate no significant difference in the 
risk for injury between males and females (20,32); others 
have shown that females are more frequently injured than 
males (2.08/1,000 AEs vs. 1.83/1,000 AEs) (8). 

E College injury rates are 5.7 per 1,000 athlete exposures for 
males and 5.6 for females (32). 

E High school players are more likely to be injured during 
competition than college players (3.27/1,000 AEs vs. 
1.4/1,000 AEs) (8). Between 62% and 64% of injuries in 
college basketball occur during practice (32), whereas 53%- 
58% of high school basketball injuries occur during practice 
(34). In the National Basketball Association (NBA), 49.9% 
of reported injuries over 17 years were sustained during 
games (12). 








E Basketball has the highest per capita injury rate for all sports 
in the age group 14-25 years, ranks second in ages 5-14 years, 
and third in ages 25 years and up (11). 

E Approximately 17.5% of sports-related emergency room vis- 
its and 13.5% of sports-related visits to primary care physi- 
cians are basketball related (11). 

E Sprains are the most common type of injury in basketball. 
Sprains account for 32%-34% of injuries at the collegiate 
level (32) and 44% at the high school level (8). 

E Children are more susceptible to overuse injuries due to 
open physes, especially at the elbow, knee, and ankle (9). 

E Following European professional players over 2 years, there 
were 37 surgeries (8.7%) performed on a total of 423 inju- 
ries (16); 6.9%—8.1% of U.S. high school basketball injuries 
required surgery (8) (Table 83.1). 





DERMATOLOGIC ISSUES 





E Fungal infections are prevalent in athletes, and tinea pedis is 
the most common dermatophytosis. High-top shoes, perspi- 
ration, friction, and poor foot care contribute to recurrent 
problems. Drying feet, changing socks, absorbent powders 
(without corn starch), and over-the-counter (OTC) and 
prescription antifungals are effective treatment measures. 
Similar measures should be taken to treat tinea cruris or 
“jock itch,” which is also common in athletes. 

E Blisters are another common problem that can cause signifi- 
cant problems for the basketball athlete. Rigid footwear and 
significant movement inside of the shoe cause this to occur 
as the shear stresses between epidermal layers cause fluid to 
build up. These can be safely drained under sterile condi- 
tions if full and tense, and these areas should be protected 
with Vaseline, moleskin, etc., and treated with topical anti- 
biotics if there are open lesions. Proper footwear, including 
cushion socks, and conditioning can prevent blisters. 





CONCUSSION 





E Concussion or mild traumatic brain injury (MTBI) occurs in 
basketball from two mechanisms — player-to-player contact 
or contact with the floor (8). 
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Table 83.1 | Common Location of Basketball 


Injuries (8) 








Location Frequency of Injury 
Ankle/foot 39.7% 
Knee 14.7% 
Head/face/neck 13.6% 
Arm/hand 9.6% 
Hip/thigh/upper leg 8.4% 





E MTBI comprises 3.3% of injuries in male basketball 
players < 20 years old and 5.2% in females < 20 years 
old, which represents a twofold increase in males and a 
threefold increase in girls over a 10-year period (35) and 
reflects the higher incidence of MTBI in females of all 
age groups. Player collisions are the most likely etiology, 
and most of these occur in the open court, not under the 
basket (33). 





CARDIAC 





E Basketball involves significant physiologic stress as reflected 
in findings from professional players. Heart rates average 
169 bpm and are above 85% predicted maximum for 75% of 
competitive playing time (26). 

E Hypertension is seen in basketball, even though many play- 
ers are young. Blood pressure elevation over 140 mm Hg 
systolic and 90 mm Hg diastolic on two separate readings 
should be investigated. Family history, supplement and med- 
ication use, and substance abuse should be considered while 
investigating other secondary causes. 

E Blood pressure should be controlled before allowing ex- 
ercise. In mild and moderate hypertension, exercise is of- 
ten part of a treatment plan, but in severe hypertension, 
it is contraindicated. When choosing treatment options, 
medications with negative performance side effects such 
as diuretics and nonselective B-blockers should be a last 
resort (4). 

E Sudden cardiac death is a rare but serious threat, with an 
incidence of one in 11,394 in National Collegiate Athletic 
Association (NCAA) basketball players. Incidence is signifi- 
cantly higher in males and in black athletes, with a prevalence 
of one in 3,000 Division I male basketball players based on 
a study from 2004-2008 (15). This represents a significantly 
higher incidence than previously estimated, and basketball 
players have been found to be at higher risk for sudden cardi- 
ac death than any other athletes (15,25). This could be linked 
to a predisposition for basketball players to be tall and thin, 
or Marfanoid, or to a predisposition for a higher prevalence 
of hypertrophic cardiomyopathy in young African American 
athletes (24). 


Preparticipation examination with a focus on history taking 
is the best method to prevent sudden death but has not been 
proven to improve morbidity or mortality. 

High-risk individuals with a family history of premature or 
sudden death, history of exercise-related syncope, or findings 
of Marfan syndrome should be identified for further testing. 


Marfan Syndrome 


Marfan syndrome is a disorder that affects multiple organ 
systems, including disproportionate overgrowth of the long 
bones in the musculoskeletal system and valve dysfunction, 
dilated cardiomyopathy, and predisposition to aortic aneu- 
rysm and dissection in the cardiovascular system (18). 
Because people affected with Marfan syndrome tend to be 
tall with longer extremities, a higher proportion of them are 
found among basketball players. Family history is important 
because Marfan syndrome is passed on as a dominant trait, 
but about 25% of cases are sporadic. 

Marfan Syndrome Diagnostic Criteria is a list of features 
doctors use to diagnose (or decide if someone has) Marfan 
syndrome. The diagnostic criteria are sometimes called the 
“Ghent Criteria,” named after the city in Belgium where doc- 
tors decided which features to include on the list (Table 83.2). 
In the 2010 revised Ghent nosology, aortic root aneurysm 
and ectopia lentis are now cardinal features. In absence of 
any family history, the presence of these two manifestations is 
sufficient for the unequivocal diagnosis of Marfan syndrome. 
In patients who die from Marfan syndrome, the etiology is 
cardiovascular (aortic dissection, congestive heart failure, or 
cardiac valve disease) in over 90% of cases (18). 


Hypertrophic Cardiomyopathy 


Hypertrophic cardiomyopathy (HCM) accounts for 36% of 
sudden cardiac death in young athletes and has been noted 
to occur more commonly in male athletes and approximately 
twice as often in nonwhites, predominantly blacks (24,25). 
HCM is a relatively common disorder, with an incidence of 
about 1:500, and can lead to cardiac death by fatal arrhyth- 
mias, so thorough evaluation is indicated in those diagnosed 
with HCM to risk stratify and determine treatment (24). 
Clinical diagnosis of HCM is established most easily and reli- 
ably with two-dimensional echocardiography by imaging the 
hypertrophied but nondilated left ventricular (LV) cham- 
ber, in the absence of another cardiac or systemic disease 
(e.g., hypertension or aortic stenosis) (24). 

In clinically diagnosed patients, increased LV wall thicknesses 
range widely from mild (13—15 mm) to massive (= 30 mm) 
(normal LV thickness = 12 mm) (24). 

However, in trained athletes, modest segmental wall thicken- 
ing (i.e., 13-15 mm) raises the differential diagnosis between 
extreme physiologic LV hypertrophy (i.e., athlete’s heart) and 
mild morphologic expressions of HCM; further imaging 
may be needed. 
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Table 83.2 | Diagnostic Criteria for Marfan Syndrome by Body System (18) 


For an index (new) case, diagnosis REQUIRES: Major criteria in two categories AND involvement of a third system. 
For the relative of an index case, diagnosis REQUIRES: One major criterion in family history AND one major criterion in any organ system AND 
involvement in a second organ system. 


Body System Major Criteria 


Minor Criteria 





Skeletal Must have 4 of the following: 


m Nonsurgical pes excavatum 


E Pectus carinatum m Hypermobile joints 
E Surgical pectus excavatum @ High arched palate 
m Arm span greater than height m Marfanoid facial appearance (long, thin face; 
m Length of torso shorter than length of legs deep set eyes) 
H Positive wrist sign 
= Scoliosis (> 20-degree curve) 
= Spondylolisthesis 
E Pes planus 
m Protrusion acetabulae 
Cardiovascular system m Ascending aortic dilation or aneurysm = Mitral valve prolapse 
m Aortic dissection m Enlarged pulmonary artery 
m Calcium deposits on mitral valve 
E Any aortic aneurysm 
m Any aortic dissection 
Pulmonary No major criteria Em Spontaneous pneumothorax 
m Apical blebs 
Skin No major criteria m Recurrent hernia 
E Striae 
Dura E Dural ectasia No minor criteria 





E Magnetic resonance imaging may be of diagnostic value m 
when echocardiographic studies are technically inadequate 
or in identifying segmental LV hypertrophy undetectable by 
echocardiography. E 

E Because of this potential gray area between physiologically 
normal “athlete’s heart” and mild HCM, clearance and re- 
turn-to-play decisions should be made by a cardiologist fa- 
miliar with HCM and athletes. 





FACIAL AND ORAL INJURIES 





E Basketball has no accepted regulations, and few players wear 
face guards or mouth guards for protection against injury. 
There is ample contact between players, and most facial in- 
juries result from contact with elbows or fingers from other E 
players (5). Five to 10% of basketball injuries involve the face 
or scalp (33), and an estimated 7,500 eye injuries occur an- 
nually in the United States (17). 


Of eye injuries in professional basketball players, eyelid lac- 
erations make up 50%, periorbital contusions make up 28%, 
and corneal abrasions make up 12% (12,39). 

Dental injuries are often permanent as teeth do not have 
much ability to heal. Mouth guards absorb force and help 
prevent tooth fracture, jaw injury, and even neck injury. A 
10-year study of the women’s basketball team showed a re- 
duction in incidence of dental injury after instituting man- 
datory mouth guard use from 8.3 injuries per 100 athlete 
seasons to 2.8 injuries, but the reduction was not statistically 
significant (10). Custom-molded guards are inexpensive and 
preferable to off-the-shelf products. 


Dental literature reports injury rates from 1% to 14% (22). 
Most dental trauma occurs to the upper anterior teeth, espe- 
cially the upper lip and two central incisors. 

In some studies, mouth guards and protective eyewear have 
been shown reduce rates of injury (19,39), but an estimated 
1%—4% or less of players use these protections (37,39). 





E Most lacerations occur over bony prominences, and frac- SPINE AND PELVIS 


tures must be suspected when significant force is applied 





and symptoms extend beyond local mild tenderness and 

ecchymosis. | 
E The American Academy of Ophthalmology recommenda- 

tions state that they “strongly recommend” eye protection a 

for all athletes with risk for eye injury and that eye protection 

should be mandatory for functionally one-eyed athletes and 

for athletes after eye surgery or after eye trauma (1). 


Back injuries make up more than 5.3% of all basketball 
injuries (27). 

The dynamic nature of basketball, including fast changes 
in direction, repetitive jumping, twisting, rapid starts and 
stops, high velocity, and overhead arm use, produces sig- 
nificant strain on the spine. The vertebral column and 
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intervertebral discs carry 70% of forces, and the posterior 
spine transmits 30%. 


Cervical injury from acceleration/deceleration injuries 
(whiplash) occurs in basketball but is less severe than in other 
contact sports. Pain and muscular dysfunction are common, 
but radicular symptoms can be a warning of more significant 
injury. Treatment includes relative rest, motion and strength 
exercises, nonsteroidal anti-inflammatory drugs, ice, heat, 
and modalities. If pain persists, consider facet dysfunction or 
intervertebral disc degeneration. 


Basketball typically involves repetitive extension and hyper- 
extension from rebounding, guarding opponents, and shoot- 
ing. This can lead to excessive forces on the lumbar spine and 
injury. Defects of the posterior portions of the vertebra can 
lead to significant low back pain exacerbated by extension 
and axial loading. 


Spondylolysis is the presence of a defect in the pars inter- 
articularis from any etiology including congenital defects, 
chronic stress, or acute fracture. This is the most common 
source of back pain in people under age 26 (7). Symptoms 
include low back pain with radiation into buttock and 
hamstrings from resulting spasm. Pain is worse with stand- 
ing and back extension, and there is an absence of radicular 
pain. Treatment involves back strengthening with a focus on 
flexion exercises, avoidance of back extension that produces 
pain, and analgesia as needed. Radiographs for suspected pa- 
tients are indicated and may need to be repeated if symptoms 
persist to detect any instability of the spine. 


Spondylolisthesis is the resulting anterior—posterior sublux- 
ation of the one vertebra on another when bilateral defects 
occur. Slippage greater than 50% may need surgical atten- 
tion. Otherwise, treat patients conservatively with exercise 
and follow them closely for development of symptoms of 
nerve root impingement or spinal stenosis. Many athletes 
can return to basketball after aggressive strengthening and 
rehabilitation. 


Sacroiliac (SI) dysfunction is commonly seen, misdiagnosed, 
and treated as muscular low back pain, and athletes fail to 
improve significantly. Patients usually cannot find any com- 
fortable position for more than 10-15 minutes and have 
pain radiating into the posterior thigh. Pain is worse with 
motion that involves combined back flexion/extension and 
trunk rotation. Physical examination with focused attention 
to palpation of SI joints and functional testing (Faber’s test, 
Gaenslen’s test, Gillet’s test, Trendelenburg’s test) will allow 
identification and more appropriate treatment. 





UPPER EXTREMITY 





ŒE In high school players, 10%—12% of all basketball injuries occur 


to the hand and wrist, and 2%—4% occur to the shoulder (8). 


E The most common upper extremity injuries are sprains and 


dislocations of the proximal interphalangeal (PIP) joints of 


the finger (38,40). Radiographs should be considered when a 
PIP joint injury is identified, as an untreated fracture or dis- 
location at this location may result in significant long-term 
disability (29). 

E Mallet finger (distal interphalangeal flexion injury) can be seen, 
which requires a minimum of 6 weeks of continuous splinting 
and can lead to swan neck deformity if untreated (29). 


LOWER EXTREMITY 





E Lower extremity injuries account for the majority of injuries 
at every level of competition. Lower extremity injuries ac- 
count for 51% in recreational players (21) and between 56% 
and 69% in high school athletes (14,28,34). 


E There is a gender difference, with 56%—64% of male injuries 
occurring to the lower extremity and 65%-69% of female 
injuries occurring to the lower extremity (8,26,32). This is 
thought to be due to higher female knee injury rates com- 
pared to males. 





KNEE 


Twelve percent of all injuries in male collegiate athletes are 
knee injuries, whereas the knee accounts for 19% of injuries 
in women (3). 

E Although knee injuries are not the most common type of 
lower extremity injury, they account for most of the lost 
playing time (12). 

E Patellofemoral syndrome is a broad description that char- 
acterizes pain and dysfunction of the extensor mechanism 
of the knee resulting from poor biomechanics (patella 
tracks laterally) or inflammation that, in athletes, is usually 
associated with overuse of the knee. Treatment involves 
modification of training regimen, ice, NSAIDs, and correc- 
tion of underlying muscle or bony maltracking with quadri- 
ceps strengthening and improving landing mechanics. The 
vastus medialis is responsible for maintaining medial pa- 
tellar alignment when other forces act to move the patella 
laterally. If strength training does not correct the problem, 
taping or functional braces can be helpful. 

E Two common causes of anterior shin pain in basketball 
players are medial tibial stress syndrome (shin splints) and 
tibial stress fractures. They represent two points on a con- 
tinuum of muscle overuse leading to periostitis and finally 
bone degradation. These overuse injuries are characterized 
by pain on the medial border of the tibia, typically in the 
lower midportion. Ice, rest, NSAIDs, correcting foot and 
ankle biomechanics, and adjusting training regimens will 
usually improve shin splints. 

E Stress fracture symptoms included worsening of typical 
pain beyond the time of activity and prolonged recovery 
times from episodes of intense activity or competition. 


Plain films can show periostitis and stress fractures, but 
delayed-phase bone scans and magnetic resonance imaging 
(MRI) are much more sensitive. Treatment involves an ini- 
tial period of rest that may include use of removable casts 
or crutches for pain relief. A very gradual reintroduction 
of activity with close symptom monitoring will allow for 
recovery in most cases. 

Patellar tendinitis, or jumper’s knee, is common in basket- 
ball, found in 40%-50% of high-level players (20). It results 
from excessive forces through the extensor mechanism on 
the anterior knee. Symptoms include anterior knee pain 
just below the patella that is worse with sitting, squatting, 
kneeling, or climbing stairs. Point tenderness on the superior 
pole of the patellar tendon and pain with hyperextension 
of the knee are seen. An initial phase of symptom reduc- 
tion with relative rest, ice, and NSAIDs can be followed by 
strengthening exercises with postactivity ice application. Use 
of infrapatellar straps or taping is common. 
Osgood-Schlatter disease is an inflammatory apophysitis 
resulting from excessive pull by the patellar tendon on the 
tibial tuberosity. It appears in young players typically age 
10-15 years during a period of rapid growth combined with 
intense physical activity. Treatment includes relative rest and 
analgesia, but pain diminishes when growth ceases. Rupture 
is rare, so participation in sports should not be limited. 


Anterior cruciate ligament (ACL) injuries account for 10% 
of male basketball knee injuries and 26% of female knee in- 
juries (35). The majority of ACL injuries are noncontact and 
involve the player planting and pivoting on the knee. 

ACL injury differences between males and females have 
been attributed to intrinsic factors such as intercondylar 
notch size and shape, hormone differences, ACL size, and 
joint laxity as well as extrinsic factors such as strength, skill, 
experience, shoe wear, and conditioning. The International 
Olympic Committee Medical Commission put together 
a current concepts statement identifying risk factors for 
female athletes suffering ACL injury that include (a) being 
in the preovulatory phase of menstrual cycle as opposed to 
the postovulatory phase, (b) having decreased intercondylar 
notch width, and (c) developing increased knee abduction 
movement during impact on landing (36). 

A prospective cohort study showed that high knee abduction 
movement during landing conferred increased risk of ACL 
injury (30). This suggests further that teaching good landing 
mechanics is important to reduce lower extremity injury in 
basketball players, particularly in females. 


Several studies, mostly relatively small, have been done 
assessing the efficacy of improved landing mechanics with 
decreased peak tibial shear force, which is a measure of axial 
loading. These studies have shown that modified mechanics 
can decrease the risk of ACL injury without compromising 
performance (23,31,36). 

The natural history of ACL tears is early degenerative arthri- 
tis to the affected knee. To avoid this, it is generally recom- 
mended for athletes to have ACL reconstruction using one of 
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many accepted techniques (patellar autograft, cadaver graft, 
hamstring autograft, and the like). Return to play within 
12 months is seen in 50%-75% of athletes status post ACL 
repair, although the numbers tend to be lower in women, 
and up to two-thirds do not return to the preinjury level 
of competition (2). If patients are not expecting significant 
continued activity on the knee, there are times when reha- 
bilitation and bracing are appropriate. 





ANKLE AND FOOT 





E Ankle injuries make up 87% of lower extremity injuries and 
are the most common type seen in basketball (35). Inversion 
sprains to the anterior talofibular ligament comprise 66% of 
all ligamentous ankle injuries. Many injuries result from a 
player landing on another player’s foot, putting centers and 
forwards at higher risk than guards. 

E Ankle taping has been shown to prevent injury (13), but the 
concern exists that support from taping declines with time 
and activity. 

E Lace-up and semirigid ankle braces have been shown by pro- 
spective trials to reduce incidence of ankle injury (hazard 
ratio, 0.32) but have not been shown to significantly reduce 
severity (24). Players do not like wearing ankle braces, but if 
given a week-long break-in period, there is no detriment to 
athletic performance and players feel comfortable (31). 


E Ottawa ankle rules have a sensitivity of 98% for ankle frac- 
tures and should be used. Specificity of the rules varies greatly 
from 10%-70% (6) (Table 83.3; Fig. 83.1). 

E Ankle sprains should be treated with relative rest, NSAIDs, 
weight bearing as tolerated, ice, bracing, and physical therapy 
with a focus on regaining proprioception that helps prevent 
repetitive injury. 

E Navicular stress fractures are the most common stress frac- 
tures seen in jumping athletes and present with foot pain that 
is activity related and may persist to a lesser degree out of ac- 
tivity. Bone scan or MRI is needed for diagnosis because plain 
films are inadequate. Treatment involves immobilization and 
non-weight bearing until the navicular is nontender (19). 


Table 83.3 | Ottawa Foot and Ankle Rules 





Ankle X-Rays Needed Foot X-Rays Needed 
Pain in the malleolar zone Any pain in the midfoot AND 
(tibia and fibula 6 cm above any of the below findings: 
the articulation with the talus) Bony tenderness at the base of 
AND any of the below findings: the fifth metatarsal 
Bony tenderness at posterior Bone tenderness at the navicular 
tip or edge of lateral malleolus Inability to bear weight 
Bony tenderness at the posterior both immediately and in the 
edge or tip of medial malleolus emergency department 


Inability to bear weight 
both immediately and in the 
emergency department 
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Figure 83.1: Ottawa Foot and Ankle Rules. 
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Kevin deWeber 





INTRODUCTION 





Acute traumatic brain injuries (TBI) and permanent and 
irreversible neurologic dysfunction are the primary medical 
concerns of boxing and the ringside physician. 

Amateur and professional boxing have unique differences in 
their approach to providing for the safety of the boxers. 
This chapter discusses the medical considerations required 
of the ringside physician. 





AMATEUR VERSUS PROFESSIONAL 
BOXING 





Amateur and professional boxing have many similarities but 
also many differences (Table 84.1). An objective assessment 
of amateur boxing leads to the conclusion that it probably 
does not involve the same degree of neurologic risk as seen 
in the professional sport. Shorter competitions, termination 
of a bout for head blows, headgear, and shorter careers make 
this understandable. 

Rules for professional boxing vary by state; check http:// 
www.aaprp.org for summary (American Association of Pro- 
fessional Ringside Physicians). Rules for amateur boxing are 
governed by USA Boxing; check http://www.usaboxing.org 
for latest Rulebook (7). 





MEDICAL RESPONSIBILITIES OF THE 
RINGSIDE PHYSICIAN 





Prevention and treatment of acute injuries is the primary role 
of the physician at ringside. This is accomplished through a 
sound medical plan to cover all aspects of the event — the 
precompetition phase, the ringside observation, and the 
postbout examination. 





PRECOMPETITION PHASE (3,5,6) 





Having two to three ringside physicians is recommended. 
This assures that the contest can continue on schedule when 
a more thorough postbout examination is necessary. 
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4 Boxing: Medical Considerations 


Evaluation of the competition site by the ringside physician 

is mandatory. An area for prebout and postbout assessments 

should be secure, easily accessible, and quiet with enough 

room and light to perform a neurologic examination, treat 

an injured boxer, and place a cot or stretcher for observation 

or transportation. 

Identify the nearest emergency room with neurosurgical, 

ophthalmologic, and dental capabilities. The on-duty emer- 

gency physician and neurosurgeon (if available) should be 

notified of the event. Have all emergency numbers available 

and map out evacuation routes. 

Request and require emergency medical technician (EMT) 

services to be available on site. EMTs are a valuable asset in 

their support of injury care and medical assessments. They 

should remain on site until they are dismissed by the head 

physician. 

There should be a table large enough to seat the physicians at 

ringside. It should be situated near a neutral corner with an 

unobstructed view of the competition. 

A set of steps next to that corner will allow the physician 

quick and easy access to the ring apron (the narrow area just 

outside the ropes). 

Recommended items (as a minimum) for the ringside physi- 

cian are the following: 

E Stretcher, cervical spine stabilization pads, and oxygen 
apparatus under the ring 

E A physicians emergency bag to handle cardiopulmonary 

resuscitation (i.e., Ambu bag, oral and nasal airways) and 

to manage an unconscious patient 

Sterile gauze pads for cuts and epistaxis 

Disposable examination gloves 

Otoscope and ophthalmoscope 

Penlight 

Blood pressure cuff and stethoscope 


Other supplies should be on hand, such as would be carried 
in a typical team physician medical bag. 


Precompetition Physical Examination 


E Each boxer must undergo a comprehensive history and 


physical examination by a licensed physician when join- 
ing a boxing club, looking for disqualifying conditions 
(Table 84.2) and those that need treatment prior to 
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Table 84.1 | Differences in Amateur and Professional Boxing 








Amateur Professional 
1. Governing body USA Boxing; AIBA Multiple, by state 
2. Scoring All blows equal; computerized at Nationals and above Weighted toward knockdowns; more subjective 
3. Age limit 34 years old (open division USA) None 
4. Competition 3 rounds of 1-2 minutes, based on age 4-12 rounds of 3 minutes 
5. Referee Stops contest early Stops contest late 
6. Headgear Required Sparring only 
7. Standing 8 count Up to 3 in 1 round, 4 in bout Varied rules 
8. Lacerations Uncommon due to headgear; more likely to stop Less likely to stop contest 
contest 
9. Retinal tear No further competition Individual decisions 
10. Medical restriction Uniform periods Varied rules 
11. Risk of cTBI/CTE No strong evidence of link Low-quality evidence of link 





AIBA, Association Internationale de Boxe Amateur (International Amateur Boxing Association); cTBI, chronic traumatic brain injury; CTE, chronic traumatic encephalopathy. 
SOURCE: Schwartz MB. Medical safety in boxing: administrative, ethical, legislative and legal considerations. Clin Sports Med. 2009;28(4):505-14, v; and Zazryn TR, McCrory 
PR, Cameron PA. Neurologic injuries in boxing and other combat sports. Neurol Clin. 2008;26(1):257-—70, xi. 


participating in boxing. The evaluation should be updated examination questionnaire. Nonetheless, the examination 

annually. Optimally, this should be available for review by can be accomplished in a few minutes. 

the event physician. E Important questions to be answered by the boxer that will 
E The precompetition physical examination should be con- assist the physician in evaluating for medical conditions and 

ducted on the day of the scheduled bouts. It need not be assessing mental status include the following: 


comprehensive but must assure that the athlete is fully ca- 
pable to box — neurologically intact, lacks febrile or con- 
tagious conditions, not under the influence of medications, 


E When was your last bout? 


E Do you have any medical problems? 


and free of significant injury. The majority of amateur E Are you using any medications, pills, or supplements, or 
prebout examinations include large numbers of anxious have you had any recent injections? 
athletes who present without a preparticipation physical E Have you had any recent illness or injury? 







Table 84.2 | Amateur Boxing Disqualifying Conditions 


Lack of annual comprehensive examination 





For females: pregnancy, painful pelvic disease, abnormal vaginal bleeding of unknown etiology, secondary amenorrhea of unknown etiology, recent 
breast bleeding/mass/dysfunction 


General illnesses: acute and chronic infections; severe blood dyscrasias; sickle cell anemia; uncontrolled diabetes or thyroid disease; significant psycho- 
logical disturbances or drug abuse 


Eyes: uncorrected visual acuity worse than 20/400 (USA Boxing) or 20/200 (International); corrected visual acuity worse than 20/60; retinal detach- 
ment; cataract; refractive or intraocular surgery 


Cardiopulmonary: significant congenital or acquired cardiovascular or pulmonary abnormalities 

Musculoskeletal: significant congenital or acquired deficiencies that affect the ability to box 

Neurologic: unresolved postconcussion symptoms; significant congenital or acquired intracranial mass lesions or bleeding; seizure within 3 years 
Abdomen: hepatomegaly, splenomegaly, ascites 

Skin: wounds of the scalp/face/nose/ears requiring external dressing (colloids okay) 


Infectious: HIV infection or AIDS, hepatitis B or C; exposed open skin infections 





AIDS, acquired immunodeficiency syndrome; HIV, human immunodeficiency virus. 
SOURCE: References: Schwartz MB. Medical safety in boxing: administrative, ethical, legislative and legal considerations. Clin Sports Med. 2009;28(4):505-14, v; and USA Boxing 
Rulebook, 2008-2009 [Internet]. Available from: http://www.usaboxing.org/for-members/official-rulebook. 
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E Have you had any visual disturbances? 
E Have you ever been knocked out, and if so, when? 
E Do you have a headache or pain anywhere on your body? 


E Have you had any recent shortness of breath, chest pain, 
palpitations, or light-headedness during training? 


E The following examination is recommended for the prebout 


evaluation: 

E Vital signs. 

E Examine the eyes for corneal abrasions and hyphema. 
Check extraocular motion and pupil equality and reac- 
tivity. Ensure intact visual fields by confrontation to rule 
out possible retinal detachment. Soft contact lenses may 
be worn in the ring. 


E Examine the ears for cuts and drainage. 


Examine the nose and mouth. 


E Examine the face for cuts, and palpate for facial fractures. 
Piercing hardware must be removed before competition. 


E Examine the skin for active infections. 

E Auscultate the heart and lungs, and compress the chest 
wall looking for rib fractures. 

E Palpate the abdomen for organomegaly or tenderness. 

E Examine the neurologic system to assure good balance 
and strength. 

E Inspect the musculoskeletal system including cervical 
spine and upper extremities for tenderness, range-of- 
motion deficit, swelling, or deformities. 





RINGSIDE OBSERVATION (3,5) 


E During the bout, the physician’s role is to study and to ob- 


serve the individual boxers and the flow of the event. One 
looks for signs of distress in a boxer during and between 
rounds. If there is concern, listen to what is being said in the 
corner by the coaches. The physician can go into a boxer’s 
corner between rounds if a closer inspection is required. 
Generally, the following are the only things allowed in a cor- 
ner: Vaseline, Adrenalin 1:1,000 topical, thrombin, water, ice, 
gauze pads, towels, sponges, Q-tips, chilled pressure plates 
for soft tissue swelling, and scissors. Artificial skin coverings, 
liniments, lotions, or any stimulants (such as smelling salts) 
are not allowed. Know these rules for the event organization. 
During the action, the boxer’s stance and ring movement are 
key indicators of the skill level and balance. Since effective de- 
fense is necessary for safety, its absence mandates cessation of 
a contest. Early signs of a lapse in defense and of the onset of 
fatigue are lowered punch counts, lowered arms, and increasing 
clutches. A staggering or running boxer is a more serious sign. 


Observation of cumulative trauma is important. Facial swell- 
ing, cuts, and epistaxis can lead to impaired vision and mouth 
breathing, making the boxer susceptible to significant head 
trauma. The experienced referee will provide a level of safety 
by closely observing the boxers and their eyes, administering 
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standing 8 counts, and alerting the physicians and corner 
when there is a concern. If the referee is concerned, the ring- 
side physician should be alert and ready to render care. 


The physician enters the ring on the referee’s request to evalu- 
ate a boxer after a stoppage or between rounds. Even without 
the referee’s request, if a serious injury is suspected during 
competition, the physician should climb the stairs onto the 
ring apron to suspend or terminate the bout. 

When entering the ring, the physician should do so calmly 
but quickly and confidently, carrying gauze pads and a pen- 
light and wearing exam gloves. Remove the boxer’s mouth- 
piece and assure an adequate airway. Although there may 
be resistance, a disabled boxer should be made to lie down 
(if already on the mat) or sit on a stool until fully respon- 
sive. When possible, walk the boxer to their corner. Establish 
a baseline neurologic evaluation. Further observation and 
serial examinations will be necessary by the physician to de- 
termine appropriate future care. 

If no serious conditions are present in the ring and the ring- 
side physician feels the boxer is not at risk of serious injury, 
the bout can resume. 


Conditions That Should Prompt Termination 
of the Bout 


Airway compromise by bleeding or swelling 


Significant oral bleeding or drainage of blood into posterior 
oropharynx from epistaxis 


Altered mental status 
Musculoskeletal injury causing significant dysfunction 


Severe facial or lip laceration, especially those overlying a 
nerve or involving the eyelid or vermillion border of the lip 


Impaired vision caused by swelling, bleeding, or ocular trauma 
Nasal fracture causing airway obstruction or open nasal fracture 
Obviously loose or newly missing teeth 


A boxer feeling he or she cannot continue 
After medical termination of the bout and initial stabiliza- 


tion, escort the boxer to the medical treatment area. If recovery 


is not as expected, evacuate as indicated. If recovery is satisfac- 
tory, release the boxer to the supervision of the coach, family, or 
responsible adult and recommend appropriate follow-up care. 


Management of the Unconscious 
(“Stricken”) Boxer (3) 


The unconscious boxer presents a potential medical emer- 
gency, and the physician should enter the ring immediately 
and provide treatment. Obtain assistance from nearby quali- 
fied personnel as needed. 

Stabilize the cervical spine while the boxer is still uncon- 
scious to prevent spinal cord injury, and open the airway 
with the jaw-thrust maneuver. 

Assess the airway and breathing efforts. If not breathing, pro- 
vide artificial breathing with facemask or oxygen apparatus. 


If breathing spontaneously, maintain an open airway while 
maintaining cervical spine stabilization. 

Usually boxers regain consciousness quickly without further 
stimulation, but if they haven’t within approximately 1 min- 
ute, stabilize on a backboard with cervical spine immobiliza- 
tion and transport immediately to the emergency facility. 
Once conscious, evaluate the boxer’s motor function, speech, 
orientation, and papillary reaction. When the boxer is mov- 
ing all extremities, have him or her sit upright for a few mo- 
ments, and if recovery progresses well, transition to standing 
and move to the boxer’s corner. 

A boxer who has delayed cognitive or neurologic recovery 
should be transported to a hospital using stretcher, supple- 
mental oxygen, and emergency medical services. 





POSTBOUT EXAMINATION (3,5,6) 





Each contestant must be examined immediately after the bout. 
For bouts without obvious injury, a quick evaluation can be 
performed as the boxer exits the ring. For a more thorough 
evaluation, the boxer should be taken to the predetermined 
medical area away from ringside or to the locker room. 


The brief examination should include observation of the 
boxer exiting the ring, asking questions to assess his or her 
orientation, noticing speech patterns and response, and per- 
forming a quick survey of the face, head, mouth, and upper 
extremities. If there are nonurgent but suspicious findings, 
have the coach bring the boxer back for a reevaluation after a 
determined amount of time. 


Criteria for transferring a boxer to the emergency room in- 
clude airway compromise (actual or potential), worsening 
central nervous system symptoms (e.g., worsening headache, 
decreasing level of consciousness, abnormal focal neurologic 
exam, persistent nausea/vomiting, seizures), or any injuries 
requiring urgent diagnostic studies or treatment care beyond 
your capability on site. 


The ringside physician should complete any forms required by 
the event governing body to document injuries sustained and 
any resulting mandatory bout restrictions. For instance, there 
are minimum restriction periods mandated by USA Boxing 
for any bout ending by Referee Stops Contest (Head Blows), or 
RSC(H). For a bout ending in RSC(H) due to three standing 
8 counts in a round or four in a bout or due to stunning head 
blows not causing unconsciousness, 30-day restriction is man- 
datory. This must be documented on a Restrictions Affidavit 
and signed by the ringside physician and other officials (7). 
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EPIDEMIOLOGY OF INJURIES 





E Acute TBI (of which concussion is the most common type) 
comprises 16%—70% of boxing injuries in professionals and 
6%-52% in amateurs. Risk of concussion is 186—250 per 
1,000 athletic exposures in professionals and 11-78 per 1,000 
in amateurs (4,8). 

E Incidence of chronic TBI or chronic traumatic encephalopa- 
thy is unknown. The risk is proven in professional boxers but 
not supported by good evidence in amateurs. Proven risk 
factors include longer career, higher age, higher number of 
bouts and of knockouts, and genetic factors (4,8). 

E Eye trauma is common and usually minor (corneal abrasion, 
subconjunctival hemorrhage, lid and periocular swelling) but 
has the potential of causing significant injury. Pronounced 
and vision-threatening ocular injuries occur in 21%-58% 
of professional boxers over a career and include retinal tear 
or detachment, cataract, macular lesions, angle injuries, and 
globe rupture (2). 

E Nasal contusion and fracture, epistaxis, facial lacerations, 
hand fractures, and extensor tendon dislocation at the meta- 
carpophalangeal joint are the most common nonneurologic 
injuries (1). 

ŒE Renal contusion, splenic or hepatic injury, and commotio 
cordis are documented but rare (1). 
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INTRODUCTION 





Œ Mixed martial arts (MMA) is the fastest-growing segment of 
combat sports. Participants vary in age, weight, gender, and 
fighting styles. Combat sports are the only contests that are won 
solely on the basis of causing direct injury to the opponent. This 
diversity presents a challenge for the ringside physician. 

E Common styles of MMA combat include wrestling, boxing, 
kickboxing, Brazilian jiu-jitsu, karate, and Muay Thai. 

E There are both amateur and professional classifications but 
no unified governing body for the sport. Medical require- 
ments for participation are based on individual jurisdictions 
without any uniformity. 

E The safety of the contest is heavily dependent on the compe- 
tence of the ringside physician. 





RULES AND REGULATIONS (1) 





E MMA contests consist of between two and five rounds, last- 
ing 3-5 minutes. 

E The contest may be held in a cage or standard boxing ring. 

E A contest may end by knockout, submission (a fighter taps 
either his opponent or the mat three times), or technical 
knockout. 


E It is imperative that ringside physicians have the authority 
to end a contest at any time if they believe a fighter is too 
severely injured to continue. This is not a standard rule and 
should be explored by the physician before agreeing to par- 
ticipate in an event. 


RINGSIDE PHYSICIAN’S ROLE 





E The responsibilities of the ringside physician are best divided 
into three phases: prefight, ringside, and postfight. 


Prefight Responsibilities 


E The preparticipation examination (PPE) is a vital aspect 
in determining fitness, preventing deaths, and minimizing 
injuries. 
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E The PPE consists of multiple evaluations including: 


E Review of previous fight results when available. 

E Collection and analysis of prefight medical requirements 
(Table 85.1). The medical requirements listed were devel- 
oped by the American Association of Professional Ringside 
Physicians and the Association of Boxing Commissions. 

© Medical history. 

E Physical examination. 

The medical history should begin with completion of a sim- 

ple but comprehensive medical history form including: 

E Family history: sudden premature death, hypertension, 
diabetes, lipid disorders 

E Cardiac history: chest pain, syncope, dizziness 

E Pulmonary history: wheezing, shortness of breath, 
coughing 

E Medications: daily medications, anti-inflammatory med- 
ications, supplements 

E Surgical history: laser-assisted in situ keratomileusis 
(LASIK), orthopedic, neurologic 

Physical examination: The prefight examination allows the 

ringside physician an opportunity to identify potential phys- 

ical limitations. 

The examination must be brief and directed. Variation from 

these criteria may lead to disqualification. Essential elements 

include: 

E Vital signs: blood pressure < 140/100 mm Hg, pulse 
< 100, afebrile. 

E Skin: look for surgical or traumatic scars, rashes 

Visual acuity: < 20/40 bilaterally near or < 20/100 distant 

Eyes: signs of radial keratotomy or LASIK procedures, 

cataracts 


Ears: ruptured tympanic membranes 

Nose: rhinitis, deviation 

Throat/glands: exudate, lymphadenopathy 
Respiratory: prolonged expiration, wheezing 
Cardiac: arrhythmias, murmurs 

Abdominal: distension, tenderness 
Genitourinary: hernias, testicular exam 


Musculoskeletal: range of motion, joint deformities 


Neurologic: pupils, fundi, cognitive, motor, cerebellar, 
sensory 


Table 85.1 | Preparticipation Medical Requirements 
For Mixed Martial Arts 





Medical Requirements Validity 

CT scan/MRI brain scan Baseline 

Dilated eye exam (ophthalmologist) 1 year 

Hepatitis Bs antigen, hepatitis Ca 180 days 
antibody, HIV blood testing 

CT, MRI, or complete neurologic exam 1 Year 

Electrocardiogram Initial only 
(with interpretation) (if normal) 


Complete history and physical 
examination 


1 year (commission 
approved form) 

Final prefight mini-physical At the venue 

Serum or urine pregnancy test 14 days 


Complete gynecologic examination 6 months 





CT, computed tomography; HIV, human immunodeficiency virus; MRI, magnetic 
resonance imaging. 


E Female fighters: 

E Have female present 

E Previous surgeries including breast augmentation 

E On-site urine pregnancy testing 

E Special considerations include: 

E Copied medical reports: The physician must be alert to 
falsified documents. 

E Rapid weight loss: This is a major problem in MMA 
and may lead to hyperthermia, arrhythmia, seizures, or 
death. 


E Electrocardiogram: This is typically abnormal in many 
athletes with hypertrophic cardiomyopathy as a result 
of training. A comparative study is important along 
with an echocardiogram and exercise tolerance test 
when indicated. 

E Radial keratotomy: Can result in traumatic rupture of the 
cornea. 


E LASIK: May result in dislocation of the corneal flap. 
E Breast implants: May deflate or rupture with trauma. 


Ringside Responsibilities 


Arrive at least 1.5—2 hours before the first bout. 


Inspect the ring/cage. Be sure the physicians working at 
ringside have easy access to the ring. Physicians should 
familiarize themselves with how the cage entry mechanisms 
operate. Two physicians should be present at ringside for 
each contest. 

Meet with the emergency medical services (EMS) personnel. 
No bout should be held without availability of an ambulance. 
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If an ambulance must leave, the fight should be delayed until 
it is replaced. 

Emergency equipment should be stored under the ring, thus 
allowing for easy access. Necessary items include: 


E Backboard. 


E Emergency kit with resuscitation equipment including 
Ambu bag, airways, mask, and cervical spine immobi- 
lizer. The kit should also have a blood pressure cuff, 
gauze, ophthalmoscope, and otoscope. 


E Oxygen tank with appropriate tubing and mask. 


Emergency egress should be planned in advance, taking into 
consideration the potential for confusion at ringside. 


Referees are essential to the success of the contest, and all 
participating referees should have their blood pressure 
and pulse checked before the fights begin. Upper limits of 
150/100 are generally acceptable. 

The physicians should meet with the referees beforehand to 
discuss where each physician will be located at ringside in 
the event that the referee would like consultation during the 
fight. Communication among the physicians and referees at 
ringside is imperative. 

At ringside, a physician should have gloves, a flashlight, 
gauze, and a stethoscope on their person at all times. 


After the fight has commenced, visibility is crucial. The phy- 
sician should not hesitate to move around to get a better 
view of the action. This is especially true in MMA where the 
fighters may be grappling on the mat for an extended period 
of time. The Jumbotron, or other projection device in the 
arena, can often be a useful means of observing a fighter’s 
activity. 

“Tapping out” provides an honorable way for an MMA com- 
batant to end a match. Experienced participants know when 
they are helpless and will not hesitate to tap out. Less expe- 
rienced, amateur combatants require careful attention when 
they are subject to a chokehold. Often they will not tap out 
and may lose consciousness. 

The most difficult ringside decision is whether the fight 
should continue. This decision can be made at several points 
during the contest: 


E During a round: 

L A fighter’s inability to adequately provide protection 
from an opponent’s attacks, along with loss of coor- 
dinated footwork and punching, is indicative of brain 
injury. 

4 Bleeding from a cut above the eye may obstruct vision. 

E Time out: 





4 The referee may choose to call a time out and ask the 
physician to evaluate the fighter based on suspicion of 
injury. 

E Between rounds: 

2 In the corner, between rounds, is a perfect time to 
chat with the fighter and his corner man. Asking the 
fighter and corner people if they wish to continue is 


592 SECTION Vi Sports-Specific Considerations 


important. The fighter should respond to questions 
quickly, clearly, and accurately. Pupillary response 
and extraocular movements should be assessed at 
this time. 


Postfight Evaluation 


After each bout, both fighters must be examined. The exam- 
ination should take place in a private area. Having three 
physicians at ringside allows for one to perform a detailed 
examination while the next fight begins. 

The examination should include observation of the fighter’s 
gait, ability to converse, pupillary examination, and exami- 
nation of the hands and any areas suspected of injury based 
on the action during the bout. 


EMS personnel should accompany the physician in case 
transport to a facility is needed. 


Referral to a medical center is indicated for: 

E Severe lacerations 

® Musculoskeletal injuries requiring assisted ambulation or 
immobilization 

E Brain or spinal injury 

E Difficulty breathing 

Documentation of the postfight examination is important 

to determine any medical suspensions necessary. The fighter 

should sign off on the exam after any findings have been 

explained. 

Directions to a local trauma center should be provided in the 

event that symptoms develop later that night. 





MIXED MARTIAL ARTS INJURIES 





E Although MMA has been promoted as a ruthless “blood” 
sport, a recent study evaluated injuries over a 5-year period 
with 1,270 fight exposures. The study concluded that injury 
rates for regulated MMA competitions are similar to other 
combat sports. In fact, the overall risk of critical sports- 
related injury appears lower in MMA (2). 

E The distribution of injuries is best described by a study 
published in 2010 reviewing MMA injuries from 1999 to 
2006 in Hawaii. The study encompassed 232 exposures and 
53 injuries, including 28 abrasions and lacerations, 11 con- 
cussions, five facial injuries, and 11 orthopedic injuries (3). 

E Concussions are less common in MMA compared with 
boxing. Given the critical nature of this potentially life- 
threatening injury, a high level of vigilance on the part of the 
ringside physician is imperative. 
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OVERVIEW 





TRAINING 





Æ Whether on the water or with rowing machines (ergometers), 
the sport of rowing is rapidly growing at both the recreational 
and competitive levels. Today, competitive rowing occurs at 
the Olympic, elite, collegiate, club, and high school levels. 

E Virtually all rowing injuries are caused by overuse, and the 
vast majority of these can be traced to training errors or 
equipment problems (4,8,10,14,15). 

E The back is the most frequently injured region of the rower, 
thought to be due to hyperflexion coupled with excessive 
rotational forces (15,18). Rib stress fractures in rowers are 
the injury responsible for the most time lost from on-the- 
water training and competition (15,20). 





MECHANICS AND EQUIPMENT 





E Boats have one, two, four, or eight rowers, who may have 
either one oar (sweep rowing) or two oars (sculling). Each 
rower sits in a sliding seat and places his or her feet in a pair 
of fixed shoes. The oar is held in an outrigger that can be 
adjusted in multiple ways that can vary the height, position, 
angle, and load per stroke. 

E The rowing stroke begins at the catch, where the back and 
legs are maximally flexed and the arms extended. It is at 
this point where the oar enters the water. During the drive 
(power) phase of the stroke, the legs are extended, the back 
opened, and the arms flexed to the chest. At the finish the oar 
is removed from the water and the blade feathered, or turned 
parallel to the water. Finally, during the recovery phase, the 
body returns to the catch position with legs and back flexed 
and arms extended. 

E Races are usually run over 1,000- to 2,000-meter courses dur- 
ing the sprint season of spring and summer. These races are 
contested with boats side-by-side and are run at near maxi- 
mal aerobic capacity, beginning and ending with an anaero- 
bic sprint. A typical sprint race will last 5-8 minutes. In the 
fall, head races are normally run over a 3-mile course, where 
the individual boat races against the clock. These competi- 
tions are run at a lower intensity than sprint races, with the 
competitor staying within aerobic capacity, and generally 
run 15-20 minutes in duration. 





Rowing, acknowledged as one of the most strenuous sports 
(7), requires high levels of both strength and aerobic capac- 
ity. With both a sprint season and a head season, rowers 
train nearly year-round. A typical yearly training cycle man- 
dates strength and distance training in the fall, weights and 
machine training in the winter, and anaerobic work in the 
spring and summer racing seasons. 

The successful rower usually has a high aerobic capacity, with 
elite rowers demonstrating VOxmax levels of 65-70 mL - kg - 
min ‘ (16). The sport favors taller athletes with an extended 
reach, as they can cover more distance per individual stroke. 





COMMON INJURIES 





Low Back Pain 


The rowing stroke places a great deal of stress on the low 
back. It is maximally loaded at the catch, or fully flexed posi- 
tion, which places large forces on both the musculature of 
the back and the intervertebral discs (4,8,10). One review on 
the sport found that back and knee injuries were by far the 
most common injuries to collegiate rowers (1). 

With sweep (one oar) rowing, the back is not only maximally 
flexed at the catch, but it is also twisted prior to maximal 
loading in order to extend the athlete’s reach. This maximal 
loading with the back flexed and twisted may result in even 
more back injury in this patient population (17), although 
this has been disputed (10). 

Back injury syndromes that can be seen include muscular 
and ligamentous strains, spondylolysis/spondylolisthesis, and 
lumbar disc herniation (6,10,17—19) 

Specifically for the rower, training errors of distance, technique, 
or intensity should be addressed. Additionally, a search for 
mechanical errors should occur, with modification of equip- 
ment as needed to decrease load per stroke, adjust oar/foot 
height, or even switch side rowed (for sweep rowers) (10,15). 


Overuse Knee Injuries 


The rowing stroke maximally loads the knee when it is in 
the fully flexed position. As a result, patellofemoral pain is a 
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common complaint among rowers. As with patellofemoral 
problems in other sports, this is more common in women 
and in those with anatomy that predisposes them to ab- 
normalities in patellar tracking. Tracking problems can be 
further exacerbated by the position of the shoes fixed in the 
rowing shell. Their height, spacing, or orientation may be 
mechanically inappropriate for the rower’s anatomy, result- 
ing in increased symptoms (10). 

E Usual treatment of patellofemoral pain, focusing on 
strengthening of the vastus medialis muscle to improve pa- 
tellar tracking, is recommended. Shoe position should be 
checked and modified if not appropriate for the athlete. Heel 
wedging can also be used to decrease compressive forces 
across the flexed knee. 


Tendinopathy (Patellar, Quadriceps, 
and Forearm) 


E Tendinopathy can occur in the patellar or quadriceps tendon 
from repeated flexion/extension with the rowing stroke. Pain 
is noted over either tendon, worsened by use, and relieved by 
rest. Usual treatment modalities are employed for relief of 
symptoms, with a focus on modifying training and equip- 
ment errors. 

E Iliotibial band (ITB) friction syndrome can also result from 
repeated sliding of the ITB over the lateral condylar promi- 
nence. A varus knee alignment will exacerbate this condi- 
tion. ITB friction syndrome is usually associated with a 
tight ITB coupled with weak hip abductors. ITB stretching 
and strengthening of the hip abductors are important for 
successful rehabilitation (10,15). 

E The rowing stroke predisposes to forearm tendinopathy in 
the dorsal wrist both from tightly gripping the oar during the 
stroke and from feathering the oar at the finish. Feathering 
requires rapid extension of the wrist, which further stresses 
an already strained forearm. Rowers will complain of pain 
in the dorsal wrist, specifically at the intersection of the 
first and third dorsal wrist compartments (4,5,10). Physical 
examination will reveal pain and swelling at this location, 
and in more severe cases, crepitance may be noted. 


E Treatment of forearm tendinopathy involves relative rest as 
well as technique modification. Medical modalities, such as 
ice, brief immobilization, nonsteroidal anti-inflammatory 
medications, and on occasion, local steroid injection into the 
affected tendon sheath, may all be employed (5). Technique 
modification involves stressing a looser grip on the oar, as 
well as a grip that places the wrist in as flat a position as 
possible (10). 


Nerve Entrapment Syndromes 


E A number of different nerve entrapment syndromes are seen 
in rowers. These range from digital nerve compression in 
individual fingers to carpal tunnel syndrome in the upper 
extremity and frank sciatica in the lower extremity. 


Digital nerve compression results from a tight grip on the 
oar with direct pressure on the neurovascular bundle. Equip- 
ment and grip modification can alleviate the vast majority of 
these cases. 

Carpal tunnel syndrome is also frequently the result of an 
overly tight grip on the oar as well as repeated extension of 
the wrist at the finish of the stroke. In addition to standard 
treatment, technique modification, involving a looser grip as 
well as equipment modification, with shaving the oar handle 
to give it a smaller diameter may help with these symptoms. 


Sciatica can result from an improperly fitted seat that places 
pressure on the sciatic nerve. Additionally, there are small 
holes in the seats of rowing shells designed to fit the ischial 
tuberosities as the rower moves through the rowing stroke. 
If the holes are improperly spaced for the individual rower, 
nerve compression can result with associated numbness. 
This is especially common if women use seats designed for 
men that don’t accommodate their wider pelvis (10). 


Rib Stress Fracture 


Stress fractures of the ribs have been seen with increasing 
frequency in rowers (2,3,8,12,20). This is thought to be 
secondary to equipment changes that have put more loads on 
the oar during the stroke (9). While there is some debate as to 
exact etiology, it has been traditionally thought to be caused 
by the pull of the serratus anterior muscle on the scapula 
during the rowing stroke. These fractures are seen most fre- 
quently in the posterolateral region of ribs 5-9 (9,10). 

Rib stress fracture usually presents with slow onset of chest 
wall pain in the posterolateral location. As with other stress 
fractures, pain is initially only with the inciting activity, 
but will progress to pain at rest if the overuse continues. 
Ultimately, a bony callus may be noted at the site of the stress 
fracture. Diagnosis may be made with a plain film demon- 
strating callus formation or a bone scan in questionable 
cases. 

Treatment for rib stress fracture, as with most other stress 
fractures, involves rest, frequently for up to 6 weeks to allow 
complete healing (10,13). Prevention with slow progression 
of load and duration is ideal. Technique modification to 
unload the oar may also be helpful (10). Switching sides for 
sweep rowers is also a possibility (15). 


Dermatologic Problems 


The skin of the rower is subject to repetitive trauma in the 
hand, the posterior calf, and the buttock. As a consequence, 
the rower may have a number of dermatologic complaints 
referable to these locations. 


The hands of rowers are highly susceptible to blisters, caused 
by friction with the oar handle. These are considered a badge 
of honor by experienced rowers and a rite of passage for 
novices. Rowers rarely wear gloves, as this is felt to interfere 
with the ability to feel the oar as it passes through the water. 


Blisters can become secondarily infected, occasionally re- 
quiring topical or oral antibiotics in significant cases (11). 
The buttocks are susceptible to chafing, blisters, callus for- 
mation, and abrasions due to repetitive trauma from the 
small sliding seat. Blisters can become infected and occasion- 
ally require topical or systemic treatment. Changing the seat, 
use of a foam pad, and judicious use of petroleum jelly can 
all help to alleviate symptoms. 

Track bite is an injury to the skin of the posterior calves. 
During the rowing stroke, the legs are forcefully extended, 
and at the finish, the posterior lower leg contacts the metal 
track that the seat slides in. The repetitive trauma of the leg 
hitting the track can result in skin breakdown, or a track bite. 
Athletes who hyperextend their knees or row with shoes ad- 
justed into a lower position are particularly at risk for these 
injuries. These injuries can become superinfected, requiring 
local or systemic antibiotics. Prevention with padding on 
the end of the track and/or circumferential leg taping at the 
point of contact can help to alleviate these injuries. 
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BACKGROUND 





Cross-country skiing is one of the three Nordic skiing disci- 
plines along with ski jumping and Nordic combined (skiing 
and jumping). Most historic references to Nordic skiing dis- 
cuss its military use. Indeed, the sport of biathlon (skiing and 
shooting) has its origin in this historic relationship. 
Cross-country skiing is generally associated with a low injury 
rate, and it is considered to be one of the highest aerobic de- 
mand activities. Although generally confined to the northern 
tier and mountain states, its popularity in the United States 
continues to grow. 

Cross-country skiing had remained relatively unchanged 
from its remote beginnings until dramatic innovations in 
equipment and technique were introduced over the past 
30 years. Currently, two very distinct techniques are used, the 
diagonal stride (classic) and ski-skating (freestyle). 





COMPETITION 





Elite-Level Competition 


The International Ski Federation (FIS) governs international 
competition. The FIS establishes race rules, schedules, doping 
control systems, athlete injury surveillance, and most other 
aspects of World Cup and World Championship racing. 

The specific events held at elite competitions are varied in 
both distance and technique. Formats include sprint (1 km), 
sprint relay, middle distance (5, 10, and 15 km), team relay 
(4 X 5km, 4 X 10 km), long distance (30 and 50 km), classic/ 
skate pursuit, and others. 

One unique aspect of elite cross-country skiing is that the athletes 
frequently compete as both sprinters (1 km) as well as marathon 
skiers (30 or 50 km) within the same race schedule. Historically, 
most competitors trained and raced in both the classical and 
skating techniques. More recently, there has been some athlete 
specialization in terms of event distance and technique. 


Nonelite Competition 


Marathon distance races are held in nearly all of the countries 
of Northern, Central, and Eastern Europe as well as Japan, 
North America, and Australia. 


596 





7 Cross-Country Ski Injuries 


In the United States, a full calendar of local, regional, and 
national marathon races are scheduled throughout the win- 
ter months. The largest of these, the American Birkebeiner is 
52 km long with over 7,000 participants. 

High school and college cross-country ski teams are com- 
mon in the Northeast, upper Midwest, and Western states. 
These competitions include races 5-15 km in length with 
both classic stride and skating formats. 





BIOMECHANICS 





Technique 


Diagonal (Classic) Technique 


The diagonal stride technique has been used for centuries and 
remains a popular style for ski touring and back-country skiing. 
In the diagonal stride, forward propulsion is accomplished 
through alternating kick and glide actions of the skis. This 
requires a full stop of the kick ski to propel the skier forward. 
Backward slip of the planted ski is limited by the application 
of high-friction kick wax on the cambered portion of the ski 
surface. The requirement to plant the ski to generate thrust 
limits the maximum speeds obtainable (19). 

In the diagonal stride, the poles are used primarily for balance 
but can contribute up to 30% of forward thrust in higher level 
skiers (19). Double poling (planting both poles simultane- 
ously) is used to maintain forward momentum as increasing 
tempo limits the effectiveness of the kick and glide action. 


Skating Technique 


Developed in the late 1970s, this new technique has rapidly 
evolved and become the method of choice for most non- 
elite competitors. Skating is the only technique used in both 
biathlon and Nordic combined competitions. 

The skating technique generates forward momentum by 
driving the skis at an angle to the direction of travel in a 
motion analogous to speed skating. There is no kick phase 
and thus no stopping of the ski during the cycle. Several dif- 
ferent strides (V1 skate, V2 skate, marathon skate) are used 
depending on terrain and skier tempo. 

Double poling is used in most skating strides to transfer 
upper body energy to the skiing surface and can provide up 
to 60% of the forward propulsive force (24). 


Biomechanical Comparison of the 
Techniques 


E Skating is much more energy efficient than the diagonal 
stride technique (11). In addition, with skating there is no 
need for a high-friction kick wax; so low-friction glide waxes 
can be used along the entire surface of the ski. 

E These factors, combined with the use of extremely light-weight 
composite construction materials as well as improvements in 
skiing surface preparation, have resulted in a 10%-—30% increase 
in average speed since the 1950s (11,25). 





INJURY EPIDEMIOLOGY AND 
PATHOPHYSIOLOGY 





Overall Incidence 


H Historically, the injury rates in cross-country skiing are 
reported to be between 0.1 and 5.63 injuries per 1,000 skiers 
(3,23). The true incidence is difficult to determine because 
skiing is not generally limited to a confined venue. 

E In the limited data available from more controlled circum- 
stances, such as endurance races, the incidence was found to 
be substantially higher at 10-35 per 1,000 skiers (4,19). The 
majority of these injuries were fatigue related. 

ŒE Studies evaluating injury patterns in elite-level skiers report 
higher injury rates. One study reported a rate of 11% in 
World Cup competitors (9). In another 12-month study, the 
annual rate of injury in a group of elite Finnish skiers was 
62%. However, the majority of the injuries occurred in non- 
skiing training activities (20). 


Changing Injury Patterns 


E As the technique and equipment have changed, several 
equipment-injury relationships have been suggested (2,7,13, 
14,22), although data supporting these associations have 
been scant at best. 


E Increased pole length with the skating technique accentu- 
ates demands on the shoulder and elbow. 

E Stiffer bindings and rigid boot construction with heel-ski 
fixation devices in skating equipment may increase the 
risk of ankle and knee injuries. 

The biomechanics of the new technique are also suggested in 
the changing injury patterns. 

E The skating stride places significantly greater demands 
on the hip adductors and external rotators (19). 

E A greater emphasis on upper body strength in the double 
poling action has been implicated in increasing upper 
extremity overuse injuries (7). 

E Ski recovery at the end of the skate cycle places greater 
demand on the lateral and anterior compartment of the 
lower extremity, resulting in an exertional compartment 
syndrome. 
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Comparison of Techniques 


E Initial reports suggested greater incidence of injury in the 
skating technique; however, this remains unsubstantiated 
(2,4,7). 

E In one report of injuries occurring during a long-distance 
event where the skating technique was the dominant style 
used, the injury rate was found to be higher than reported 
for similar races in the years prior to the adaptation of the 
skating technique (4). 





INJURY DISTRIBUTION 





E Studies describing the distribution of musculoskeletal inju- 
ries in mass participation events demonstrated that lower 
extremity injuries are somewhat more common than upper 
extremity injuries (55% vs. 35%) (23). 


The Types of Injuries 


E Sprains/twists, 40.4%; fractures, 27.4%; contusions, 16.4%; 
lacerations, 9.3%; dislocations, 5.8%; and other, 0.7% 

E The most frequently encountered acute orthopedic com- 
plaints include thumb ulnar collateral ligament strain, knee 
medial collateral ligament sprain, and plantar fascia strain. 

E The most common overuse injuries include sacroiliitis, first 
metatarsophalangeal (MTP) degenerative joint disease/synovitis, 
lateral ankle pain, exertional compartment syndrome, and wrist 
tendinitis. 


Medical Problems 


E Common medical illnesses reported include exhaustion/ 
dehydration, cold injury, gastrointestinal symptoms, photo- 
keratitis, and bronchospasm. 





COMMON MEDICAL CONDITIONS 





Exercise-Induced Asthma 


E Incidence: Exercise-induced asthma (EIA) affects up to 42% 
of winter sports athletes, with the highest incidence found in 
cross-country skiers (12,17,21,26). One study reported that 
50% of elite cross-country skiers have EIA (21). 

Pathophysiology: EIA refers to an inflammatory-mediated 
bronchial response precipitated by exercise. Exercise is a 
common trigger of symptoms in athletes with classic asthma. 
There does appear to be a separate population of athletes 
who exhibit symptoms only with extreme exercise. Etiologic 
factors are low humidity and temperature of the inspired air 
and extremely high-minute volume. 

E Typically, the athlete with true EIA will develop symptoms 
only in relatively extreme circumstances. The likelihood of 
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developing symptoms increases with exercise involving a 
higher minute volume and cold, dry conditions. 

E History: It is common for these athletes to exhibit symp- 
toms intermittently. The usual symptoms include shortness 
of breath with exercise that is out of proportion to effort, 
burning chest pain, postexercise cough, and wheezing. 

E Other red flags include a history of childhood asthma, fre- 
quent upper respiratory illnesses, and a chronic cough. 

E Physical examination: When the athlete is symptomatic, he 
or she may demonstrate wheezing; otherwise, the examina- 
tion is typically normal. 

E Diagnostic testing: The majority of testing protocols use 
running as the exercise challenge with preexercise and 
postexercise pulmonary function test change as the mea- 
sured variable, and as such, the protocols have significant 
limitations when evaluating the cross-country skier (see 
Chapter 24) (1,5,6,8,10,15,16,18,21). Ski-specific protocols 
have been described and are used commonly in the evalua- 
tion of elite skiers (16). 

E Treatment: With classic asthma, the mainstay of therapy is 
inhaled corticosteroid with inhaled bronchodilator used for 
symptom management. These athletes should be identified 
and treated appropriately. 

E With EIA, the main goal is prevention of airway irritation 
and bronchospasm through preexercise administration of 
medications. Typically a stepped approach is undertaken, 
beginning with a single bronchodilator prior to exercise and 
adding additional medications as needed. 


Preventive Medications 

E Short-acting B-agonists (albuterol, pirbuterol) are usually 
effective and have the advantage of low cost, ease of use, and 
high compliance. 

E Long-acting B-agonists (salmeterol) 

E Leukotriene inhibitors (montelukast sodium) should be re- 
served as a second-line treatment and should always be used 
with a B-agonist as a rescue medication. 


E Cromolyn sodium is rarely effective when used alone. 


Moderate to Severe Symptoms 


E Athletes who require second-line medications should be fur- 
ther evaluated. 

E Addition of a second medication, listed above 

E Addition of inhaled corticosteroid (budesonide, fluticasone) 
or B-agonist/corticosteroid combinations (Advair; Glaxo 
Wellcome) 

E Inhaled corticosteroid is effective in alleviating the postexercise 
cough brought on by late-phase inflammatory effects of EIA. 

Doping control: Care must be taken to ensure compliance 
with doping control measures in elite-level skiers. 

E Most asthma medications are restricted, and appropriate 
procedures for documenting their use is required. Currently, 
the International Olympic Committee (IOC) and FIS re- 
quire documented testing of these athletes prior to the use of 
asthma medications. 


Sports-Specific Considerations 


E The U.S. Anti-Doping Agency hotline is a useful resource for 
any questions regarding the use of these medications (1-800- 
223-0393). 





COMMON MUSCULOSKELETAL 
PROBLEMS 


Sacroiliitis 

EŒ Pathophysiology: The sacroiliac (SI) joint is a biconcave 
articulation of the hemipelvis to the sacrum. It has rela- 
tively small rotational motion but functions primarily to 
transmit force from the lower extremity to the spine. SI 


dysfunction is the most common cause of low back pain in 
the skier. 


E Injury can result from direct trauma associated with a fall, but 
more commonly arises from repetitive loading. Contributing 
factors in this injury include SI joint hypermobility, excessive 
shear forces, and relative core strength deficits. 

E Clinical features: Symptoms stem from inflammation in the 
SI joint and include local pain at the SI joint that is exacer- 
bated with walking, running, or skiing. 

E The athlete will often have associated lateral hip pain and 
pain at the gluteal prominence. Radicular symptoms are un- 
usual and are associated with piriformis spasm, facet irrita- 
tion, or concomitant disc disease. 

E Examination will typically reveal the following: tenderness 
at the SI joint and relative hypomobility on the affected side 
with a standing knee-to-chest test. 

E FABER test (flexion, abduction, and external rotation) will 
usually elicit symptoms. Neurologic examination is normal. 

E Diagnostic testing: Radiographs may demonstrate arthrosis 
or degenerative disease of the lower spine. 

E Treatment: Pain relief strategies include oral analgesics/anti- 
inflammatory medications, osteopathic manipulation or 
chiropractic treatment, ice, massage, and stretching. 

E Long-term management aims at improving SI function through 
core stabilization and muscle balance training (Theraball pro- 
gram, Pilates, or similar). 


E Technique and equipment issues should also be reviewed. 


Greater Trochanter Bursitis 


H See detailed description in Chapter 59. 


Retropatellar Knee Pain (Patellofemoral 
Dysfunction)/Iliotibial Band Friction 
Syndrome 


E See detailed descriptions in Chapters 62 and 63, respectively. 


Exertional Anterior Compartment Syndrome 


Pathophysiology: In cross-country skiers, exertional com- 
partment syndrome (ECS) typically affects the anterior or 


lateral compartments representing injury to the tibialis ante- 
rior or peroneus brevis muscles, respectively. 

ECS is precipitated by exercise-induced swelling of the soft 
tissue in the confined compartment, leading to ischemic pain 
in the affected muscle. 

This is most common in skating technique where the foot is 
dorsiflexed and everted during ski recovery. 


This injury was very prevalent when the technique was first 
introduced due to the excessive length of the ski and relative- 
ly soft binding used with the classic stride. As equipment has 
been developed specifically for the skating technique, this 
has become less common. It is now most commonly seen 
with the use of combination equipment (designed for both 
skating and classic technique) and with poorly fitting equip- 
ment. 

Clinical features: See detailed description of symptoms in 
Chapters 23 and 65. 


Diagnostic testing: Preexercise and postexercise compart- 
ment pressure testing may be helpful, although it is difficult 
to reproduce the specific conditions of skiing in the labora- 
tory (see Chapter 23). 


Treatment: Includes decreasing compartment inflammation 
using anti-inflammatory medications and improving function 
through a balanced stretching and strengthening program. 
Equipment modifications should be made to use a skating- 
specific boot-binding-ski system. A stiffer binding and shorter 
ski may also help. 

In resistant cases, a surgical fasciotomy may be necessary (see 
Chapter 65). 


Peroneus Tendon Injury 


Pathophysiology: Injury to the peroneus tendon can occur 
with an acute inversion dorsiflexion injury or can develop 
through repetitive overload that leads to tendinitis. With an 
acute injury, the peroneus tendon can be torn or may be sub- 
luxed from the fibular groove with disruption of the overly- 
ing retinaculum. Acute injuries occur with both classic and 
skating techniques, whereas chronic tendinitis is usually seen 
in the skating technique. 

Clinical features: Acute injuries will present with pain, 
swelling, and bruising along the posterior and inferior fibula. 
The athlete will often report a pop in association with an 
appropriate mechanism, as described earlier. 


Following the acute phase, a chronic clicking sensation may 
be present, representing subluxation of the peroneal tendon. 
Peroneal tendinitis will usually present with pain and swell- 
ing along the posterior and inferior fibula. Pain will be worse 
after skiing and will interfere with other activities, such as 
running and walking. 

Physical examination may demonstrate subluxation of the 
affected peroneus tendon when compared to the contralateral 
ankle. Resisted eversion of the foot will reproduce pain. 
Diagnostic testing: In most acute injuries, an ankle x-ray 
rules out associated fracture. 
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In an acute peroneal tear or subluxation, magnetic resonance 
imaging (MRI) evaluation may be helpful to evaluate the 
extent of injury. 


Treatment: Acute strain injuries without a complete tear can 
be treated with immobilization (either casting or controlled 
ankle movement [CAM] walker boot depending on extent of 
injury). This is typically continued for 4—6 weeks. 

Complete tear of the tendon or avulsion of the retinaculum 
is best managed surgically. 

Tendinitis is managed with temporary immobilization in a 
CAM walker followed by active rehabilitation incorporating 
passive stretching and eccentric overload exercise. 


Anti-inflammatory medications may be helpful for pain 
management. Corticosteroid injection may also address the 
athlete’s discomfort. This is accomplished by injecting a so- 
lution of 60 mg of triamcinolone, or equivalent injectable 
steroid, in 2-3 cc of 1% lidocaine into the peroneus sheath. 
An ankle brace or taping may allow the athlete to continue 
active training during the rehabilitation process. 


Skier’s Toe 


Pathophysiology: Skier’s toe is a term frequently used to 
describe pain in the first MTP joint. 


This may represent either an acute injury (turf toe or acute 
sesamoid injury) or chronic problem (hallux rigidus, MTP 
synovitis, or sesamoiditis). 

In skiers, the chronic form stemming from degenerate joint 
disease and synovitis is most common and is associated almost 
exclusively with the classical technique. The mechanism of 
injury is repetitive extreme extension of the MTP joint. 
Clinical features: Athlete complains of pain, swelling, and 
limited motion at the great MTP joint. 


Symptoms are exacerbated with classical skiing, running, and 
other activities involving repetitive forced extension of the toe. 


Physical examination may reveal obvious degenerative 
changes on inspection of the joint. Tenderness and erythema 
are common. Pain is exacerbated with passive extension/ 
flexion. 

Diagnostic testing: Radiographs typically demonstrate first 
MTP degenerative disease. 

If a stress fracture or sesamoiditis is suspected, a three-phase 
bone scan or limited MRI study may be useful. 

Analysis of joint aspirate may demonstrate uric acid crystals 
if degeneration is caused by gouty arthritis. 

Treatment: Temporary exclusion of the classic technique 
helps to alleviate symptoms. 

Modifying nonskiing footwear to eliminate flexion with a 
spring steel insert or rigid orthotic is also beneficial. 

Severe cases may require temporary use of a rocker bottom 
boot. Nonsteroidal anti-inflammatory drugs (NSAIDs) are 
often helpful. 

In cases with substantial degeneration, the athlete may bene- 
fit from surgical intervention. 
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UPPER EXTREMITY 





de Quervain Tenosynovitis 


E Pathophysiology: The repetitive gripping and ulnar/radial 
deviation motion associated with double poling can lead to 
tendinitis of the extensor pollicis brevis or abductor pollicis 
longus. Both tendons occupy the first dorsal wrist compart- 
ment and are generally both involved. 

E Symptoms can be insidious in onset or may arise acutely with 
a traumatic event. Chronic pain is common if untreated. 

E Clinical features: Typical symptoms include pain and swell- 
ing along the radial aspect of the wrist. 

E Pain is precipitated by gripping and rotational motions 
(removing the lid from a jar or opening a door). 

E Examination reveals tenderness along the extensor sur- 
face of the thumb, radial wrist, and forearm. Pain is pre- 
cipitated with resisted thumb abduction or extension. The 
patient may demonstrate a positive Finkelstein’s test (see 
Chapter 55). 

E Treatment: Pain modification via the principles of PRICEMM 
(protection, rest, ice, elevation, medication, modalities). 

E Corticosteroid injection may also be beneficial. Triamcino- 
lone (60-80 mg), or equivalent injectable steroid, with 3 cc 
of lidocaine is injected into the tendon sheath within the first 
dorsal wrist compartment. 

E Protective bracing with a thumb spica splint is helpful and 
may allow the skier to continue to ski while being treated. 

E Physical or occupational therapy is often useful to address 
strength and flexibility issues. 

E Surgical treatment (synovectomy) may be necessary in per- 
sistent cases. 

E Return to skiing when symptom free or if symptom free in 
appropriate brace. 


Skier’s Thumb (Ulnar Collateral Ligament)/ 
Extensor Tenosynovitis/Intersection 
Syndrome 


ŒE See detailed descriptions in Chapter 55. 
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Bicycling Injuries 


Chad A. Asplund 





INTRODUCTION 





Œ Participation in bicycling is rapidly growing. 

E In 2009, 38.1 million Americans age 7 and older were esti- 
mated to have ridden a bicycle six times or more (22). 

E There are many different ways to participate in bicycling: 
road cycling, mountain biking, touring/commuting, cyclo- 
cross, and BMX. 

ŒE With the increased participation, there has been an increase 
in both traumatic and overuse injuries: 

E Each year, more than 500,000 people in the United States 
are treated in emergency departments and more than 700 
people die as a result of bicycle-related injuries (10). 

E Most common areas for overuse injuries in bicycling are the 
knee, neck, and back (3,4). 

ŒE Many of these overuse injuries occur secondary to improper 
bicycle fit or to training errors. 

ŒE This chapter will outline the different ways people can par- 
ticipate in bicycling, the anatomy and fit of the bicycle, injury 
epidemiology, traumatic and overuse injuries, cycling-related 
equipment, and common training errors. 





DIFFERENT MODES OF BICYCLING 





Road Cycling 


E Road racing: Open road 25—100 miles. 

E Criterium: Multiple laps around a short course. 
E Very popular in America 
E High potential for crashing/injury 

E Time trial: Race against the clock with wave start with 1-5 
minutes between riders. 


Mountain Biking 


E Cross-country: Longer races over variable terrain. 

B® Downhill: Steep downhill race where focus is on speed; 
injuries occur as safety is sacrificed for speed. 

E Dual slalom: Two racers compete in downhill ski-style slalom 
course. 








Touring/Commuting 


E Long-distance road riding for recreation. Rider may be car- 
rying panniers/saddlebags. 


Cyclocross 


E Off-road race on road-style bike, in which riders complete 
multiple short (1-2 mile) loops in a set time period. Obsta- 
cles require rider to dismount, remount, and carry bicycle 
over the course. 


BMX/Trick Cycling 


E Riders compete against other riders over dirt courses of 
varied terrain or individually on ramps with stairs and rail- 
ings, with aerial stunts. There is a high risk for injury with 
aerial acrobatics. 

E Fastest growing segment of U.S. cycling with 60,000 
riders (14). 
E Largest portion of child and adolescent cyclists. 


BICYCLE ANATOMY 





E Although there are many different modes of bicycling, the 
general anatomy of the bicycle is similar (Fig. 88.1). 


Frame Types 


E Standard road: Traditional upright geometry with top tube 
parallel to ground. 


E Compact road: Sloping top tube allows rider to fit smaller 
frame; this maximizes stiffness and minimizes weight. 


Œ Mountain/hybrid: Flatter geometry, heavier bicycle, may 
have front and/or rear suspension to absorb shock. 


Fit 
E Most important attribute in the evaluation of overuse bicy- 
cling injuries. 


E Bicycle fit may be done at local bike shop with bicycle 
purchase or available for a fee. 


E Fit Kit and Serotta “Size Cycle” have been used (11). 
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Figure 88.1: Bicycle anatomy. 


E Best frame size for cyclist is as small vertically as possible 
with enough length horizontally to allow a stretched out re- 
laxed upper body. This frame will be lighter and stiffer and 
handle better (12). 


Frame Size 


E Most important attribute for appropriate frame size is top 
tube length. 


Top Tube Length 


E The ideal position varies here more than anywhere else for 
cyclists, depending on riding style, flexibility, body propor- 
tions, and frame geometry, among others. 

E Upper body position may change as riding style evolves. 

E May be measured by placing the elbow at the fore end of the 
saddle; outstretched fingers should touch the handlebars. 

Œ May also have rider, while in the drops, look straight down; the 
hub of the front wheel should be obscured by the handlebar. 


Seat Height 


E Optimal saddle height has been estimated based on maximal 
power output and caloric expenditure (9). 

E Calculate height, which will be within a centimeter of 
0.883 X inseam length, measured from the center of the 
bottom bracket to the low point of the top of the saddle. This 
allows full leg extension, with a slight bend in the leg at the 
bottom of the pedal stroke. 


ŒE When seated on the bike with the pedal at the 6 o’clock posi- 
tion, there should be 20-25 degrees of flexion of the knee. 

E Alternatively, the seat may be raised until the hips start rock- 
ing when pedaling and then the seat is lowered until the 
rocking disappears. 


Saddle Position 


E Check the position of the forward knee relative to the pedal 
spindle; for a neutral knee position, you'll be able to drop 
a plumb line from the tibial tubercle and have it bisect the 
pedal spindle (knee over pedal spindle [KOPS] position) (9). 


Handlebar Position 


Œ Most cyclists select a bar that is just as wide as their shoulders. 
E A wider bar opens the chest for better breathing and 
more leverage but sacrifices aerodynamics. 
E A narrower bar increases aerodynamics but sacrifices 
stability. 
E Handlebar height should be at or below the saddle height; how 
far below depends on the flexibility and experience of the cyclist. 


Crank Arm Length 


E Length is based on size and riding style. Shorter crank arm 
length is better for quick acceleration. Long crank arms are 
better for pushing larger gears at a lower cadence (12). 

E To minimize oxygen consumption, crank arm length is de- 
pendent on femur length. 


E 2.33 X femur length + 55.8 cm (28). This roughly translates to: 
E Frame size < 54 cm: 170-cm crank arm 
E Frame size 55—61 cm: 172.5-cm crank arm 


E Frame size > 61 cm: 175-cm crank arm 


Gearing 


E Chain wheels: Large chain ring (usually 53 teeth) and small 
chain ring (usually 39 teeth) 53/39; recently, a more compact 
50/34 chain ring combination has become more popular to 
allow riders to climb hills and spin at higher cadence. 


E Cassette: Cluster of gears (cogs) mounted to right of rear wheel. 

E Gear ratio: Number of teeth on chain ring divided by num- 
ber of teeth on selected cog. 

E Higher ratio requires more strength, endurance, and 
technique. 

E Lower gear ratio allows for more spinning and higher ca- 
dence; without proper technique will yield less power. 


Cadence 


E Optimal cadence determined by type of race (time trial, 
climbing, criterium), body type, muscle fiber type, and train- 
ing level (8). 

E Higher cadences put less strain on trained leg muscles. 

Œ Low cadences increase intramuscular pressure, reducing 
blood flow to the muscles during the power phase of the 
pedal stroke. 

E High-cadence/low-resistance training reduces the incidence 
of overuse injuries. Cyclists beginning a season or returning 
from injury should return with this type of training. 

E Cadence is individual and should be determined on a rider- 
by-rider basis. 


INJURIES 





Epidemiology 


E Each year, more than 500,000 bicyclists in the United States 
are treated in emergency departments, and more than 
700 people die as a result of bicycle-related injuries (8). 

E Children are at particularly high risk for bicycle-related in- 
juries. In 2001, children 15 years and younger accounted for 
59% of all bicycle-related injuries seen in U.S. emergency 
departments. 

Œ Peak incidence of bicycle-related injuries is in the 9- to 
15-year-old age group. 

E Bicycle crashes are the second leading cause of sports-associ- 
ated serious injury (riding animals is the leading cause) (26). 

Œ Risk factors for injury include not wearing helmet, crashes 
involving motor vehicles, unsafe riding environment, and 
male sex (26). 


CHAPTER 88 Bicycling Injuries 603 


E Conspicuous (brightly colored) clothing may reduce crash- 
related injury in cyclists (27). 

ŒE Mountain bikes account for 3.7% of overall injuries, but 
51%-85% of mountain bikers sustain injuries each year 
(13,18). 

E BMX bikers are frequently injured doing stunts; 6.3% of all 
BMxX riders sustain injury in competition (26). 


Traumatic Injuries 


Upper Extremity 

E Fall on outstretched hand: 
E Scaphoid fracture 
E Distal radius (Colles) fracture 
E Fractures of the radial head 


E Acromioclavicular joint separation; usually direct trauma to 
shoulder: 


E First- and second-degree may resume riding as tolerated. 
E Third-degree may take 4—6 weeks to heal. 
E Clavicular fracture: 

E Ifaligned, may resume riding in 48 hours. 

E Nonaligned may return in 4-6 weeks as bone heals or as 
pain dictates. 

E Fractures with > 2 cm of displacement benefit from sur- 
gical fixation (31). 


Head 

E Head injuries account for most bicycle-related deaths 
(1,000/year). 

E Generally, head injuries are preventable with helmets 
(severity reduced 85%—90%) (25,26). 

E Helmet wear reduces incidence of skull fracture and reduces 
severity of head injury but does not reduce the incidence of 
concussion. 

E Mandatory legislation increases helmet use among cyclists, 
particularly in younger age groups (17). 

E Bicycle-related mortality in children age 1-15 dropped 
significantly with mandatory helmet legislation (30). 


Skin 

E Abrasions (road rash): graded as first degree (superficial), 
second degree (partial thickness), or third degree (full 
thickness). 

E Wound irrigation, debridement, protection from further 
trauma and bacterial contamination, creation of a moist 
wound environment, and judicious use of antibiotics (when 
indicated) will help achieve optimal outcomes. 

E Treated with hydroactive dressing and silvadene or mupiro- 
cin ointment. 


E Polymeric dressings may be useful for larger wounds (24). 


E Large third degree: silvadene cream three times daily or wet 
to dry dressings. 
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Visceral 


E Mostly caused by blunt trauma from crashes and/or impaling 
handlebars: 


E Abdominal wall hematomas (16) 
E Liver, spleen, pancreas hematoma 


E Bowel perforation 


Overuse Injuries 


E The most common site for overuse injuries in the bicyclist is 
the knee (3). 


E Location of knee pain: 
E Anterior 


1 Patellar pain syndrome, quadriceps tendinopathy, 
chondromalacia patella, patellar tendinopathy 


Causes: training errors: rapid increase in mileage, 
high gearing, and excessive hills. 


Bicycle fit problems: seat too low or too far for- 
ward, malpositioned cleats, crank arm too long 


Anatomic issues: genu valgum, genu varum, hyper- 
pronation 


Treatment: review and adjust training program, 
improve bike fit, correct anatomic abnormalities as 
possible, quadriceps strengthening 


E Medial 


2 Irritation of medial patellofemoral ligament, plica, or 
pes anserine bursitis 


Causes: training errors 


Bicycle fit problems: cleats with toes pointing out, 
feet too far apart 


Treatment: review and adjust training program; 
adjust cleats or shorten bottom bracket axle; reha- 
bilitation and knee strengthening 


E Lateral 
2 Iliotibial band (ITB) friction syndrome/tendinopathy 


Causes: two mechanisms have been proposed for 
this syndrome: 


— Excessive friction resulting as the ITB slides back 
and forth over the lateral femoral epicondyle. 


— Changing tension in the anterior and posterior 
fibers of the ITB compresses the fat between the 
tract and a bursa, creating inflammation and 
merely the illusion of movement (7). 


Bicycle fit problems: improper cleat placement; 
seat too high or too posterior; anatomic— 
hyperpronation, genu varum, tight ITB, leg 
length discrepancy 

Treatment: adjust cleats, lower seat, move saddle 


forward, consider cycling orthotics, ITB stretching, 
hip girdle strengthening 


E Posterior 
4 Biceps femoris tendinopathy, semimembranosus ten- 
dinopathy, posterior capsule strain 
Causes: overly aggressive training 
Bicycle fit problems: saddle too high or too far 
forward, improper cleat position 


Treatment: review and adjust training plan, move 
seat up and/or back, adjust cleats; rehabilitation of 
hamstring, quadriceps strengthening 


Neck 


E Second most common location of bicycling-related overuse 


injuries (4). 


E Common; present in among 60% of riders (20). 
Œ Bicyclists may develop myofascial trigger points in neck 


(levator scapulae, splenius capitis, trapezius, sternocleidomas- 

toid, infraspinatus, supraspinatus, and rhomboid muscles). 

E Causes: most commonly caused by increased load on the 
arms and shoulders necessary to support the rider and 
the hyperextension of the neck in the horizontal riding 
position (4). 

E Bicycle fit problems: saddle too far aft, effective top tube 
length too long, handlebars too far below saddle. 

E Treatment: may treat by raising handlebars, shortening 
stem to reduce hyperextension of the neck. Strength and 
flexibility exercises may also be used. 


Back 
E The low back muscles are primarily what the cyclist uses for 


control and generation of power. 


E Causes: chronic pain and fatigue may develop due to 
prolonged position on the bike. In older cyclists, may be 
secondary to some degree of degenerative changes. 


E Bicycle fit problems: saddle too far aft. 
E Treatment: 


1 On bike: change positions frequently, push lower gears, 
use higher cadence, and rise from the saddle on climbs. 


1 Management: strength, flexibility of lumbar musculature. 





Q May need to move saddle forward (excess forward 
reach may exaggerate lordotic lumbar posture) (4). 


Hands 


E Ulnar neuropathy: ulnar nerve may be compressed in 


Guyon’s canal; pain, numbness, tingling in lateral fourth and 

fifth fingers secondary to compression of the ulnar nerve 

E May be treated with padded gloves, increased handlebar 
padding, and frequent change of hand positions while 
riding 

Carpal tunnel syndrome: compression of the median nerve 

causing numbness and tingling in the index, middle, and 

ring fingers 

Tenosynovitis: tendons of the extensor pollicis brevis and ab- 

ductor pollicis longus (de Quervain); caused by tight grip on 

handlebars (23) 


Foot/Ankle 

E Paresthesias: numbness/tingling in feet 
E Causes: tight shoe straps and increased pressure on pedals 
E Course: usually self-limited 


E Management: loosen straps on shoes, ride at higher 
cadence to reduce foot pressure 


E Metatarsalgia 


E Causes: poor foot position, increased pedal pressure; may 
be caused by pes planus or hyperpronation 


E Management: adjust cleats or consider cycling orthotics 

Hip 

Æ Trochanteric bursitis: friction causes repetitive sliding of 
fascia lata over greater trochanter 

E Iliopsoas tendinopathy: pain in medial proximal thigh; usu- 
ally caused by saddle that is too high; may lower seat and/or 
evaluate frame size 

Perineum 


E Saddle sores: caused by friction and pressure that may then 
result in infection; may be prevented with chamois cream 


Œ Crotchitis (tinea cruris): more common in women; try to 
minimize time off bike spent in sweat-soaked cycling shorts 


Œ Ischial tuberosity (sit bones) tenderness: eases with continu- 
al riding; may also consider wearing padded cycling shorts or 
adding a padded seat cover 


ŒE Pudendal neuropathy: compression of dorsal branch of pu- 
dendal nerve between bike seat and pubic symphysis (2, 19) 


E May be prevented by adjusting seated position every 5—10 
minutes, tilting saddle slightly downward, or changing 
saddle design 

Vascular 
E External iliac artery endofibrosis (1,21,29) 


E Progressive stenotic intimal thickening of the external 
iliac artery 


E Presents with pain/cramps in buttocks, thighs, or calves; 
may also present with sensation of swollen leg with maxi- 
mal effort or strenuous cycling 


E Majority in men; 88% unilateral (29) 
4 Diagnosis: 
Ultrasound with continuous wave Doppler 


Systolic humeral and posterior tibial arterial pres- 
sures with oscillometer 


Exercise test with decrease in ankle blood pressure 
measurement 


Arteriography with femoral Seldinger technique 


“1 Treatment: surgical endarterectomy or intravascular stent 


Environmental Injuries (5,6,15) 


E Cyclist may be predisposed to heat and cold injuries and alti- 
tude sickness, underscoring the importance of proper cloth- 
ing, nutrition, hydration, and acclimatization. 
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E For more information, see Chapter 42 on environmental 
injuries. 


Equipment and Safety 


E Helmet: reduces risk of head injuries 74%-85% (25,26). 


Should be worn snugly in a horizontal position on the head 
with the straps forming a “V” around the ears and held in 
place with buckle fastened. 


E Only 15%-25% of children wear helmets correctly (26). 
E Helmet use increases with mandatory legislation (17). 


E Possible barriers to use of helmets: discomfort, poor fit, 
cost, underestimation of risk of injury, peer pressure 


E Protective eyeware: protects from ultraviolet radiation, flying 
objects, and irritants. 


E Cycling gloves: cushion hands from road shock, protect 
hands in falls. 


E Cycling shorts: protect inner thigh, groin, and perineum 
from chafing and pressure trauma. 


Common Training Errors Leading to Injury 


E Inadequate rest: overreaching to overtraining (see Chapter 
40, Overtraining Syndrome) 


E Rapid increase in distance or intensity: muscle tightness or 
microtrauma, which may lead to tendinopathy (most com- 
monly patellar or quadriceps tendon) 


B Excessive hill work: anterior knee pain 
Œ Pushing a high-gear ratio: anterior or medial knee pain 





CONCLUSION 





E Participation in bicycling is increasing. 


There are multiple different ways to enjoy bicycling. 

Œ With this increased participation, providers will likely see 
more cycling-related injuries. 

E With knowledge of the modes of cycling, proper bicycle fit, 

safety equipment, and common training errors, providers 

can assist cyclists to ensure safe participation. 
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OVERVIEW MEDICAL CARE OF THE MUSICIAN 








E Performing arts medicine is a growing specialty field that fo- | 


cuses on the care of actors, vocalists, musicians, and dancers. 
E Although millions of Americans participate in these activi- 
ties at a recreational or amateur level, it is estimated that 
there are over 200,000 professional-level performers in the 


United States alone (12). | 


E To discover the biomechanics of injury, physicians who care 
for these specialized performers must commit to under- 


standing the art form of their patients. a 


E Just as different sports have unique injury patterns, so to do 
the performing arts, with each art form, instrument, and 


dance step carrying with it an inherent set of risks. a 





EPIDEMIOLOGY 





E Because there is no universally accepted governing body or 
centralized medical oversight in the performing arts realm, it 


Injury is a threat to the musician just as it is to other athletes 
and performers. One recent study of orchestral musicians 
found lifetime prevalence of music-related injuries to be 82%, 
with 76% experiencing a condition that negatively affected 
their musical performance (1). 

Historically, musicians are more prone to injury when learning 
a new technique, practicing a particularly challenging piece, or 
using a new instrument (12). 

Poor posture, excessive playing force, improperly fitting in- 
struments, and insufficient rest between rehearsals are modi- 
fiable risk factors placing the musician at risk for injury (4). 
Environmental risk factors have also been identified, includ- 
ing cool temperatures decreasing circulation to the distal 
musculature required for fine motor control and inadequate 
lighting causing eyestrain and abnormal posturing in musi- 
cians struggling to read their notes (4). 


Injury Specifics 


is difficult to determine the exact incidence or prevalence of WŒ Musculoskeletal injuries and tendinopathies are common 


injury. 

E Performing artists tend to seek medical care late in the course 
of an injury because many are self-employed and uninsured. 
Injuries are also presumably underreported due to fear of 
missing an audition, losing a part, or being supplanted by an 
understudy. 

E Current medical knowledge is based primarily on smaller 


studies investigating a single school or dance troupe. An- E 


ecdotal reports of improved injury rates with preventative 
strategies have been difficult to validate due to sparsity of 
supporting data. 

E The highest prevalence of injury, and therefore the greatest 
amount of injury data, is found in musicians and dancers. 


These populations are at increased risk for insidious, chronic, a 


overuse injuries caused by repetitive microtrauma, rather 
than acute traumatic injuries with a definable onset. Diag- 
nosis and management are more challenging in this setting, 
and treatment frequently requires activity modification or 
restriction to allow healing to occur. 


in musicians and tend to present in the same way that they 
would in nonmusicians. Meanwhile, neurologic injuries are 
vastly more prevalent than in nonmusical populations, mak- 
ing focal neuropathies, cervical radiculopathy, thoracic outlet 
syndrome, ulnar neuropathy, carpal tunnel syndrome, overuse 
syndrome, and focal motor dystonia important diagnoses to 
recognize and maintain in your differential diagnosis. 

In what has been called the “trumpet player’s neuropathy,” 
focal neuropathies of the neurovascular supply to the lip have 
been identified, primarily in brass and woodwind players (8). 
Playing woodwinds with leaky valves or pads increases the 
effort required to produce a note and may be a risk factor for 
this injury type (4). 

Due to the leftward rotation and lateral flexion of the neck 
required to cradle the instrument, cervical radiculopathy is 
common in string musicians. This posture causes loading 
of the facet joints and anatomic narrowing of the ipsilateral 
neural foramen. Upon physical examination, one should 
perform a Spurling test (also known as the quadrant test) 
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where downward pressure is placed on the top of the ro- 
tated and extended head. A positive test is defined by pain 
and paresthesias spreading distally in the distribution of 
a cervical nerve root on the side that the patient is facing. 
Multiple studies have shown the Spurling test to be a reliable 
diagnostic tool with specificities ranging from 92% to 100%. 
Although with sensitivities of only 28%—60%, it should not 
be used for screening purposes (10). Consequently, even 
without suggestive exam findings, a magnetic resonance 
imaging (MRI) or electromyography (EMG) must be pur- 
sued if clinical suspicion is high. 

Thoracic outlet syndrome results from compression of the 
neurovascular structures passing through the superior tho- 
racic outlet. The brachial plexus, subclavian artery, and subcla- 
vian vein are all at risk of compression while passing between 
the anterior and middle scalene muscles. Compression may 
be functional, due to shifts of the clavicle in relation to the 
shoulder girdle during performance, or static, as in the case of 
those with a cervical rib. Symptoms typically begin as vague 
paresthesias and pain located in the medial forearm and hand 
(C7, C8, or T1 dermatomes). Multiple exam maneuvers have 
been developed to identify the condition, but retrospective 
studies have found that Adson’s test, Wright’s hyperabduction 
test, Roos test, and the costoclavicular maneuver all have high 
false-positive rates (10). Therefore, clinical diagnosis must be 
made with a thorough history guiding a focused radiograph- 
ic exam. The treatments of choice are postural training and 
physical therapy. However, when conservative methods fail, 
surgical decompression is sometimes required. 

With the elbow maintained in a constant state of flexion 
during prolonged periods of play, ulnar neuropathy at the 
elbow is a common injury resulting from the strain of sup- 
porting a string instrument. Diagnosis is suspected based on 
history and can be confirmed if a Tinel sign is present at the 
cubital tunnel. Conservative management with nonsteroidal 
anti-inflammatory drugs (NSAIDs), avoidance of aggravat- 
ing activities, and splinting typically leads to resolution of 
symptoms within weeks. 


Often seen in pianists, carpal tunnel syndrome can result 
from repetitive flexion and extension of the wrist. The con- 
dition can also develop in the bow or pick hand of string 
instrumentalists and is common in keyboardists as well. 
Typical symptoms include numbness, tingling, pain, and, in 
severe cases, weakness of the lateral three and a half fingers, 
which are supplied by the median nerve. The Phalen test is 
a good screening exam with poor specificity reported but a 
sensitivity of about 80%. Meanwhile, a positive Tinel sign at 
or just distal to the carpal tunnel is virtually diagnostic with 
specificities approaching 100%, but it should not be used 
for screening due to poor sensitivity (11). Treatment op- 
tions include avoiding provocative activities, night splinting, 
NSAIDs, steroid injections, and surgical release if conserva- 
tive management fails. 


Overuse syndrome is a controversial and poorly under- 
stood condition that spares sensory function but causes 


pain, weakness, and loss of fine motor coordination in the 
affected extremity. It is believed to be the most common 
medical problem in musicians, with prevalence approach- 
ing 50% (2). The pathophysiology of the syndrome is not 
understood, but theories have suggested that pain may de- 
velop as a protective mechanism when tissues are stressed 
beyond their physiologic limits (9). Histologic data have 
not demonstrated an inflammatory component to this syn- 
drome. Interestingly, an association with complex regional 
pain syndrome (formerly reflex sympathetic dystrophy) and 
focal motor dystonia has been proposed (9). Treatment of 
overuse syndrome focuses on relative rest with a graduated 
return to performance. As rehearsal times are extended and 
muscular fatigue develops, the musician, teachers, and mu- 
sical colleagues must all help ensure maintenance of the 
necessary postural and ergonomic adjustments that have 
been adopted, lest symptoms recur (10). 

E Focal motor dystonia commonly affects instrumentalists 
requiring rapid, coordinated fine motor movement. The 
condition is characterized by painless movement and invo- 
luntary spasm of the affected extremity. As with overuse syn- 
drome, the pathogenesis of this disorder is also unknown. 
The fourth and fifth digits are the most commonly affected 
joints, with keyboard players, string musicians, and wood- 
wind players being at the highest risk in one study (11). 

E [n contrast to overuse syndrome, where rest and conservative 
treatment result in complete resolution of symptoms in over 
80% of patients (7), focal dystonia has a very poor prognosis 
regardless of the therapeutic approach to treatment. A mul- 
titude of treatments have been studied in an investigational 
setting with universally poor outcomes, meaning that a diag- 
nosis of focal dystonia frequently represents the end of the 
patient’s musical career. 





MEDICAL CARE OF THE DANCER 





E Dance is a sport that is growing in popularity and recogni- 
tion across the nation, with participation in ballet alone now 
surpassing that of Little League Baseball and Pop Warner 
Football (16). 


E Currently, there are an estimated 11,000 dance schools, 
2,500 professional dance companies, and 38,000 professional 
dancers and choreographers in the United States (13). 

E Elite dancers typically begin training as young as 3 or 4 years 
old and retire from performance by their mid-30s. 

E Dance techniques and styles are limitless and include acro, 
ballet, ballroom, ceremonial, Highland, hip-hop, Irish, jazz, 
Latin, lyrical, modern, sequence, and tap, to name a few. 

E Because it is one of the most popular and most demanding 
forms of dance, most injury data involve studies of ballet 
dancers. 

E The majority of dance injuries are found in the lower extre- 
mity. Foot and ankle injuries represent approximately 40% 
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of dance injuries, while knee and back injuries each represent 
approximately 20% (13). 


Dance Terminology 


In order to communicate with ballet dancers, it is necessary 
to understand the terminology they use. A few high-yield 
terms are listed below. 


Plié: A slow, fluid movement involving bending of the knees 
while the hips are maintained in maximal external rotation 
(turnout). Depth of the dip is determined by the prefix, with 
demi indicating half and grand indicating full. 

Pirouette: A whirling turn on a single leg. 

Pointe: A term indicating performance of the dance on the 
tip of the toes. Dancing en pointe requires special blocked- 
toe ballet shoes. 

Turnout: A rotation of the legs from the hips in which the 
knee should remain in line with the hips and ankles. In 
proper turnout, the feet point in exactly opposite directions. 


Dance Injuries 


A dancer’s fracture is a spiral fracture of the shaft of the fifth 
metatarsal. It is the most common acute, traumatic fracture 
encountered in dancers and frequently results from an inver- 
sion injury while dancing en pointe. 

Lisfranc joint injuries typically occur when a downward force 
is applied simultaneously to a twisting motion of the foot, 
resulting in a sprain injury with or without an associated 
fracture/dislocation to the ligaments between the first and 
second metatarsals and the medial and middle cuneiforms. 
Diagnosis requires bilateral weight-bearing films so that the 
injured joint space can be compared to the contralateral side. 
Sprains can usually be managed conservatively with 6 weeks 
of immobilization in a controlled ankle movement (CAM) 
walker boot, whereas fractures/dislocations require open re- 
duction and internal fixation. 


Anterior impingement syndrome affects the anterior ankle 
during dorsiflexion or plié in ballet. Impingement occurs 
between the anterior tibia and the dorsum of the talus and is 
sometimes associated with radiographically visible spurring 
of the tibial ridge and talar neck. Conservative treatment, 
which is usually effective, involves activity modification and 
graduated return to dance. Surgical intervention can be pur- 
sued to remove spurs if conventional therapy fails. 

Posterior impingement syndrome, conversely, is character- 
ized by posterolateral ankle pain during plantarflexion as 
during pointe work in ballet. Symptoms occur when full 
plantarflexion is not achieved because of a fixed obstruc- 
tion such as an os trigonum, which causes increased stress 
on the tendinous structures and bony impingement. An os 
trigonum occurs when the posterolateral process of the talus 
does not fuse during puberty. It is a congenital variant that 
is found in 7%—11% of the population. Presence of an os 
trigonum, however, does not inevitably lead to impingement, 
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as many dancers with this variant are asymptomatic (3). In 
this setting, an ankle sprain and the resulting shift in ankle 
mechanics can unmask a previously asymptomatic anomaly. 
Conservative treatment with activity modification, NSAIDs, 
and therapeutic injections is nearly always successful, and 
surgical intervention is rarely warranted. 

Flexor hallucis longus (FHL) tendonitis, or dancer’s tendo- 
nitis, occurs from overuse and microtrauma resulting from 
repetitive dorsiflexion and plantarflexion. The FHL travels 
through the fibro-osseous tunnel above the posterior talar 
tubercle and can be injured by compressive forces during 
full plantarflexion and stretching between the talar tubercle 
and sustentaculum tali during dorsiflexion. Over time, cu- 
mulative stress leads to posteromedial ankle pain, inflamma- 
tory changes, nodular tendinopathy, and potentially tissue 
degeneration. 

Achilles tendinopathy is another commonly encountered 
diagnosis in dancers and is considered a chronic inflamma- 
tory process rather than an acute inflammatory injury. The 
Achilles tendon arises from the gastrocnemius-soleus com- 
plex and is subject to excessive forces during activities such 
as dance (6). Previous studies have demonstrated forces of up 
to six times the body weight transmitted through the Achil- 
les during running and dance, while a study in 2010 showed 
ankle contact forces of 14 times body weight during the “rock 
step” in Irish dancers (2,14). Another study of Irish dancers 
demonstrated that 75% had evidence of pathologic changes 
to the Achilles on MRI, with only half of those demonstrat- 
ing radiologic changes actually manifesting symptoms (17). 
This suggests that the impact of dancing causes subclinical 
injury in the majority of participants even when not per- 
ceived by the dancer. As in other overuse injuries, the onset of 
Achilles tendinopathy is insidious, with pain most commonly 
experienced at the insertion of the Achilles tendon onto the 
calcaneus. Treatment can be difficult but should focus on pro- 
gressive eccentric loading exercises to improve tendon vascu- 
larity and collagen synthesis thereby promoting healing (17). 


Snapping hip syndrome, or dancer’s hip, is characterized by a 
snapping sensation and frequently an audible pop as the hip 
is flexed and extended. The cause in dancers is usually fric- 
tion of the iliopsoas tendon as it passes over the anterior infe- 
rior iliac spine, lesser trochanter of the femur, or iliopectineal 
ridge. This should be differentiated from the more common 
form of snapping hip syndrome, most frequently encoun- 
tered by runners, which results from the iliotibial band or 
tensor fascia lata snapping over the greater trochanter of the 
femur. Rest, stretching of the hip flexors and rotators, and 
strengthening exercises are the mainstays of conservative 
treatment. Corticosteroid injections can also be employed if 
there is an associated bursitis. 

Spondylolysis is a common and potentially disabling injury 
in dancers, causing low back pain with strenuous exercise, 
rotation, and hyperextension. It is thought to be caused by 
the cumulative stress of repetitive hyperextension, which 
results in a stress fracture of the pars interarticularis. 
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Spondylolysis can occur bilaterally, compromising anterior- 
posterior stability of the spine. If bilateral pars defects are 
found, spondylolisthesis or anterior slippage of the superior 
vertebrae can occur. Nearly 90% of spondylolistheses occur 
at the L5-S1 level, whereas the next most common site of 
injury is the L4—L5 level (4). Injury is graded according to 
the degree of slippage. Grade 1 and 2 injuries are typical- 
ly managed conservatively with rest, spine-strengthening 
exercises, and occasionally bracing. Meanwhile, grade 3 and 
4 injuries, which represent a minimum of a 50% slippage, are 
usually managed surgically. 





PSYCHOLOGICAL DISORDERS 





E Female athletes are under extreme pressure to perform 


athletically while also maintaining an aesthetically pleas- 
ing appearance. Women falling prey to these societal pres- 
sures frequently maintain a distorted body image and can 
suffer long-term consequences to health. The prevalence of 
the female athlete triad in competitive athletes is difficult to 
determine due to the fact that underreporting is common. 
Estimates of prevalence have reached 65% in some studies, 
and rates in dancers are among the highest of any athletes 
(15). The triad is a spectrum of disorders that affect a woman’s 
physical and psychological well-being. The underlying cause 
is thought to be an energy imbalance resulting from disor- 
dered eating and resulting in menstrual dysfunction and po- 
tentially osteopenia or osteoporosis. Disordered eating can 
manifest in the forms of anorexia or bulimia; however, less 
severe forms of caloric restriction and excessive exercise can 
be equally detrimental. Similarly, menstrual dysfunction can 
manifest as amenorrhea, delayed menarche, oligomenorrhea, 
anovulation, or luteal phase deficiency. Treatment optimally 
involves a multidisciplinary team to focus on the medical, 
nutritional, and psychological aspects of the disease (5). 

The lifestyle of a performing artist can lend itself to other psy- 
chological disorders as well. High-level performing artists are 
typically identified for training very early in life and grow up 
in a world with a narrow focus and constant pressure to per- 
form. Although the prevalence of these disorders has yet to be 
determined, performance anxiety, depression, panic disorder, 
and personality disorders have all been reported in perform- 
ing artists. Identifying these issues early and addressing them 
proactively with the help of a sports psychologist, if available, 
can lead to improved performance and quality of life. 





SUMMARY 





E Performing artists are complex and often difficult to treat. 
They tend to present for care late in the course of disease 


and are frequently mistrusting of medical professionals (13). 


Injuries are usually overuse rather than traumatic in nature 
and tend to have a good prognosis if managed conserva- 
tively with alterations in workload and a graduated return to 
activity. 

Working to understand the vocabulary and art form of 
each individual artist and coordinating with a multidis- 
ciplinary team including the patient’s teachers, coaches, 
therapists, dieticians, and agents is often the best way to 
achieve success in caring for these unique and talented 
individuals. 





REFERENCES 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


. Fishbein M, Middlestadt SE, Ottati V, Ellis A. Medical problems among 


ICSOM musicians: overview of a national survey. Med Probl Performing 
Art. 1988;3(1):1-8. 


. Fry HJH. Incidence of overuse syndrome in the symphony orchestra. 


Med Probl Perform Art. 1986;1(2):51-5. 


. Hamilton WG. Posterior ankle pain in dancers. Clin Sports Med. 2008; 


27(2):263-77. 


. Hansen PA, Reed K. Common musculoskeletal problems in the 


performing artist. Phys Med Rehabil Clin N Am. 2006;17(4): 
789-801. 


. Herring SA, Bergfeld JA, Boyajian-O’Neill LA, et al. Female athlete 


issues for the team physician: a consensus statement. Med Sci Sport 
Exerc. 2003335(10):1785-93. 


. Hodgkins CW, Kennedy JG, O’Loughlin PF. Tendon injuries in dance. 


Clin Sports Med. 2008;27(2):279-88. 


. Knishkowy B, Lederman RJ. Instrumental musicians with up- 


per extremity disorders: a follow up study. Med Probl Perform Art. 
1986;1:85—99. 


. Lederman RJ. Peripheral nerve disorders in instrumentalists. Ann 


Neurol. 1989;26(5):640-6. 


. Lockwood AH, Lindsay ML. Reflex sympathetic dystrophy after over- 


use: the possible relationship to focal dystonia. Med Probl Perf Art. 
1989;4(3):114—7. 

Malanga GA, Nadler SF. Physical examination of the hip. In: Mus- 
culoskeletal Physical Examination — An Evidence-Based Approach. 
Philadelphia: Elsevier Mosby; 2006. 

Newmark J, Hochberg FH. Isolated painless manual incoordination in 
57 musicians. J Neurol Neurosurg Psychiatry. 1987;50(3):291-5. 
Ostwald PF, Baron BC, Byl NM, Wilson FR. Performing arts medicine. 
West J Med. 1994;160(1):48—52. 

Shah S. Determining a young dancer’s readiness for dancing on pointe. 
Curr Sports Med Rep. 2009;8(6):295-9. 

Shippen JM, May B. Calculation of muscle loading and joint con- 
tact forces during the rock step of Irish dance. J Dance Med Sci. 
2010;14(1):11-8. 

Smolak L, Murnen SK, Ruble AE. Female athletes and eating problems: 
a meta-analysis. Int J Eat Disord. 2000;27(4):37 1-80. 

Solomon R, Micheli LJ, Ireland ML. Physiologic assessment to de- 
termine readiness for pointe work in ballet students. Impulse. 
1993s1(1):21-38. 

Walls RJ, Brennan SA, Hodnett P, O’Byrne JM, Eustace SJ, Stephens 
MM. Overuse ankle injuries in professional Irish dancers. Foot Ankle 
Surg. 2010316(1):45-9. 


Dive Medicine 


James H. Lynch 





BACKGROUND 





E Recreational scuba diving is a growing sport with some 

unique considerations for the sports medicine team. 

E The number of annual diving certifications has tripled in 
the past 20 years worldwide (38). 

E There are roughly 3 million sport divers in the United 
States alone (38). 

E Divers may seek medical care for a disorder acquired 
in a remote location with injuries or illnesses unique to 
diving and the underwater environment. 


E Improper diagnosis and treatment of some diving injuries 
can result in catastrophic outcomes, particularly involving 
the brain and spinal cord. 

E The sports medicine physician must be aware of “fitness to 
dive” recommendations for patients of all ages who are seek- 
ing medical clearance to dive. 

E In contrast to most other sports, recreational diving places 
athletes at increased risk of injury or illness primarily due 
to environmental extremes and hazards in the underwater 
setting. 

E The most significant environmental exposure in diving is the 
increased ambient pressure. 

E Pressure increases in a linear fashion with depth under- 
water (Table 90.1) (28). 

E Exposure to increased pressure can result in several 
pathophysiologic changes as described by the common 
gas laws outlined later (47). 





DIVE PROFILE TERMINOLOGY (34) 





E Descent: Diving deeper involves increases in pressure of 1 at- 
mosphere per 33 feet of sea water. Equilibration of pressure 
in gas-filled spaces is critical during this phase. 

E Bottom time: The amount of time spent underwater (tradi- 
tionally referred to time spent at lowest depth). Bottom time 
influences amount of gas absorption in tissues. 

E Ascent: Moving up toward the surface involves decreases in 
pressure and the release of absorbed gas back into local tis- 
sues and the bloodstream. 








E Surface interval: Time between dives. This time allows the 


body to reacquire homeostasis, especially with respect to 
tissue gas concentration. Dive injuries may not present until 
the diver surfaces. 


Decompression stop: A pause in ascent following a deep dive 
that allows for absorbed inert gas bubbles to be safely elimi- 
nated from tissues. 

No-decompression dive: A dive profile that does not require 
decompression based on limited depth and bottom time. 
Most sport divers perform no-decompression dives to miti- 
gate risk of decompression sickness. 





EAR AND SINUS BAROTRAUMA 





E Barotrauma is defined as the tissue damage that results 


from an inability to equalize pressure in a gas-filled space 

(e.g., middle ear). 

During ascent and descent, the body is exposed to changes in 

ambient pressure. 

E According to Boyle’s law, as ambient pressure increases 
during descent, the volume of gas-filled spaces decreases. 

E In the ear, the tympanic membrane is deflected inward 
to the point of rupture unless air is allowed to enter the 
middle ear via the eustachian tube (24). 

Middle ear barotrauma (“middle ear squeeze”) is the most 

common diving injury, occurring in 30% of first-time divers 

and 10% of experienced divers. 

™ Manifests as acute onset of ear pain. 

E Is sometimes associated with vertigo and conductive 
hearing loss. 

E Clinical findings range from injection of the tympanic 
membrane to hemotympanum, with or without rup- 
tured tympanic membrane (15). 

Sinus barotrauma (“sinus squeeze”) is another common 

diving injury usually resulting from transient nasal patho- 

logy or chronic sinusitis. 

E A relative negative pressure in a sinus cavity is caused by 
blockage of the sinus ostium during descent. 

E Negative pressure is followed by engorgement and muco- 
sal edema, which may cause bleeding into the sinuses. 

™ Manifests as acute onset of facial pain with epistaxis (39). 
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Table 90.1 | Effects of Depth on Ambient Pressure 


Sports-Specific Considerations 





PULMONARY BAROTRAUMA 








fsw ata mm Hg psi 
0 (sea level) il 760 14.7 
33 2 1,520 29.4 
66 5 2,280 44.1 
99 4 3,040 58.8 
132 5 3,800 73.5 


ata, absolute pressure in atmospheres; fsw, feet of sea water; mm Hg, millimeters of 


mercury; psi, pounds per square inch. 
SOURCE: Reproduced, with permission, from Lynch JH, Bove AA. Diving medicine: 


a review of current evidence. J Am Board Fam Med. 2009;22:399—407. Available from: 


doi:10.3122/jabfm.2009.04.080099. Copyright © 2012 American Board of Family 
Medicine. All Rights Reserved. 


E ‘Treatment for middle ear and sinus barotrauma includes: 
E Decongestants and analgesics. 


E Systemic antibiotics for prophylactic treatment of otitis 
media may be considered in middle ear barotrauma with 
tympanic membrane perforation. 


E Tympanic membrane rupture must be allowed to heal 
completely prior to diving again. 


E Prevention of middle ear and sinus barotrauma consists of: 


E Careful attention to pressure equilibration using the Val- 
salva maneuver during descent. 


E Slow, feet-first descent. 


E Nasal and/or systemic decongestants such as oxym- 
etazoline and pseudoephedrine prior to diving may 
be helpful. They must be used with caution to avoid 
the rebound effect sometimes associated with a reverse 
block during ascent at the end of the dive. As the medi- 
cation effect diminishes, nasal passages may become 
congested and allow for sinus ostial blockage and pain 
with ascent (25). 


E Avoid diving with an upper respiratory infection or rhi- 
nosinusitis, which contribute to ostial insufficiency and 
may increase risk for barotraumas (14). 


E Inner ear barotrauma is a condition related to middle ear 
barotrauma. 


E Forceful attempts to equalize the middle ear with the Val- 
salva maneuver may rupture the round or oval window 
causing perilymph leakage. 


E Manifests as acute sensorineural hearing loss, tinnitus, 
and vertigo. 


E Treatment is not recompression therapy, but rather bed 
rest, head elevation, avoidance of straining, and referral 
to an otolaryngologist. 


E A detailed dive history is helpful in distinguishing 
inner ear barotrauma from inner ear decompression 
sickness (24). 


E According to Boyle’s law, during ascent, as ambient pressure 
is reduced, gas inside the lungs will expand. 

E Ifa diver breathing compressed air at depth does not allow 
the compressed air in the lungs to escape by exhaling, or if 
air empties slowly from a lung segment due to obstructive 
pulmonary conditions, then the gas will expand on ascent (as 
ambient pressure falls). This causes alveoli to rupture. 

E After alveolar rupture, the air under pressure will then escape 
the alveoli and rush into surrounding tissues resulting in me- 
diastinal or subcutaneous emphysema or pneumothorax. 


E In the most severe cases, air will enter the bloodstream via 


pulmonary veins, traveling through the left heart as an arte- 

rial gas embolism (AGE). 

E Air bubbles distribute throughout the arterial circulation 
and reach the brain where they occlude blood flow, com- 
promise the blood-brain barrier, and result in stroke-like 
events (36). 

E Almost all cases of AGE present within 5 minutes of 
ascent. 


E AGE manifests as gross neurologic deficits including stu- 
por, bilateral or unilateral motor and sensory changes, 
unconsciousness, visual disturbances, vertigo, convul- 
sions, and (in about 5%) complete cardiovascular col- 
lapse (Table 90.2) (37). 

E Treatment of AGE consists of advanced cardiac life sup- 
port, 100% oxygen, hydration, and immediate recom- 
pression using the U.S. Navy Diving Manual Table 6 
algorithm — a standard protocol that involves recom- 
pression to 60 feet in a hyperbaric chamber while breath- 
ing oxygen (Fig. 90.1) (16,37). 

The greatest change in lung volume per change in depth oc- 

curs nearest the surface. 

It is possible for divers breathing compressed air in a pool as 

shallow as 4 feet to develop pulmonary barotrauma if they 

ascend to the surface while breath-holding at maximum lung 

volume (7). 

The majority of individuals with AGE fully recover with 

prompt recompression therapy (36). 





DECOMPRESSION SICKNESS 





Decompression sickness (DCS) is caused by bubble forma- 
tion in blood and tissues. 

As ambient pressure increases at depth, the partial pressures 
of inspired gases increase proportionately. 

Inert gas, primarily nitrogen, is dissolved in tissues, creating 
a supersaturated state in the body. 

If ascent is too rapid, the dissolved nitrogen in blood and 
tissues will become supersaturated and form bubbles. 


CHAPTER 90 Dive Medicine 613 


Table 90.2 | Summary of Diving-Related Conditions 





Condition Presentation Dive History Prevention/Treatment 
Barotrauma 
Middle ear Acute ear pain, vertigo, Usually during descent Slow equalization on descent; 
tympanic membrane rupture decongestants, consider antibiotics for 


tympanic membrane perforation 


Inner ear Acute vertigo, nausea, vomiting, Usually during descent Bed rest, elevated head, avoidance of 
hearing loss Valsalva, otolaryngology consult 
Sinus Acute facial pain, epistaxis Usually during descent Slow equalization on descent; decongestants 
Arterial gas Stupor, coma, focal weakness, Immediately upon surfacing or during ascent 100% oxygen, supportive care, U.S. Navy 
embolism visual disturbances Table 6 Algorithm 
Decompression 
sickness 
Type I Poorly localized joint pain, Significant time at depth; 50% develop symptoms 100% oxygen, supportive care, U.S. Navy 
rash, itching within 1 h of surfacing, 90% within 6 h Table 6 Algorithm 
Type II Numbness, dizziness, weakness, Significant time at depth; 50% develop symptoms 100% oxygen, supportive care, U.S. Navy 
gait abnormality, hypoesthesia within 1 h of surfacing, 90% within 6 h Table 6 Algorithm 





SOURCE: Reproduced, with permission, from Lynch JH, Bove AA. Diving medicine: a review of current evidence. J Am Board Fam Med. 2009;22(4):399-407. Copyright © 2012 
American Board of Family Medicine. All Rights Reserved. 


Treament Table 6 


1. Descent rate - 20 ft./min. . Tender breathes 100 percent O, during last 30 min. 

2. Ascent rate - Not to exceed 1 ft/min. Do not at 30 fsw and during ascent to the surface for an 
compensate for slower ascent rates. Compensate for unmodified table or where there has been only a single 
faster rates by halting the ascent. extension at 30 or 60 feet. If there has been more than 

one extension, the O, breathing at 30 feet is increased 

to 60 minutes. If the tender had a hyperbaric exposure 

. lf oxygen breathing must be interrupted because within the past 18 hours an additional 60-minute O, 

of CNS Oxygen Toxicity, allow 15 minutes after the period is taken at 30 feet. 
reaction has entirely subsided and resume schedule at 
point of interruption (see paragraph 20-7.11.1.1). 


. Time on oxygen begins on arrival at 60 feet. 


. Table 6 can be lengthened up to 2 additional 25-minute 
periods at 60 feet (20 minutes on oxygen and 5 minutes 
on air), or up to 2 additional 75-minute periods at 30 feet 
(15 minutes on air and 60 minutes on oxygen), or both. 


Treatment Table 6 Depth/Time Profile 


Depth 


(fsw) 30 . : : 
1 1 Ascent Rate 
Ascent Rate 


Descent Rate ; 1 Ft/Min. 
20 Ft/Min. 1 Ft/Min. 1 
15 60 


Time at Depth (minutes) 


Total Elapsed Time: 
285 Minutes 
4 Hours 45 Minutes 
(Not Including Descent Time 





Figure 90.1: U.S. Navy diving manual. 
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Bubbles cause tissue injury through mechanical effects, vas- 

cular occlusion, and activating the clotting cascade and in- 

flammatory mediators. 

Bubbles are often detected initially in the venous system and 

may pose a further risk for systemic injury by entering the 

arterial circulation through a patent foramen ovale (PFO), 

which produces a right-to-left cardiac shunt. 

Bubbles entering the arterial circulation via a shunt will pro- 

duce symptoms similar to AGE (48). 

The incidence of DCS among recreational scuba divers is ap- 

proximately 2-3 cases per 10,000 dives (41). 

DCS manifests with a wide array of signs and symptoms 

and is typically classified into type I and type II DCS (see 

Table 90.2). 

E Type I (nonsystemic or musculoskeletal DCS) is charac- 

terized by the absence of neurologic and other systemic 

symptoms and usually manifests as: 

Q Musculoskeletal symptoms, such as pain that is often 
dull or throbbing and poorly localized around a joint; 
the shoulder and elbow are the most common sites. 





1 Cutaneous manifestations such as skin rash and pru- 
ritus. Less common is cutis marmorata or skin mar- 
bling, which may be a harbinger of more serious 
symptoms requiring recompression therapy. 

Q In 95% of those affected, type I DCS presents within 
6 hours of surfacing. 

I Treatment for type I or musculoskeletal DCS is recom- 
pression (see Fig. 90.1). 

Q Joint pain is rapidly relieved with recompression 
therapy. 





I Cutaneous manifestations usually resolve spontane- 
ously in 12-24 hours (31). 


E Type II (neurologic or systemic DCS) describes DCS, which 
affects the neurologic, vestibular, or pulmonary systems. 

4 Neurologic involvement is most common among 
sport divers and can be due to either spinal cord or 
cerebral involvement. 

Half of patients develop symptoms within 1 hour 
of surfacing, and 90% report symptoms within 
6 hours. 

The most common presenting neurologic symp- 
toms include numbness, dizziness, weakness, gait 
abnormality, and hypoesthesia (37). 

4 Inner ear DCS (the “staggers”) may be due to bubble 
formation in the semicircular canals and presents as 
acute vertigo, nystagmus, tinnitus, and nausea with 
vomiting. 

4 Pulmonary DCS (the “chokes”) is a rare condition 
likely caused by a massive pulmonary gas embolism. 

This usually follows a rapid or uncontrolled ascent. 
Manifests as immediate substernal pain, cough, 
and cardiovascular shock resembling adult respira- 
tory distress syndrome (ARDS) (20). 


4 Treatment for type II DCS is hydration, 100% oxygen, 
and immediate transport to a recompression faci- 
lity for treatment (see Fig. 90.1). If the patient must 
be flown to a chamber, altitude must be limited to 
less than 1,000 feet, or employ an aircraft that can 
be pressurized to sea level to prevent exacerbation of 
symptoms. 





DECOMPRESSION ILLNESS 





E “Decompression illness” (DCI) is a term that encompasses 
DCS and AGE. 

This term was introduced because treatment of either DCS 
or AGE is recompression. 

E Distinction between the two is important for prognosis in 
future diving exposures. 

E For clinical management, the greatest challenge may be to 
distinguish between DCI and nondiving conditions due to 
the vague nature of symptoms. 

E There are no specific diagnostic tests for DCI. 

E Diagnostic certainty is not required. 

E Divers with suspected DCI should be recompressed if there 
are no medical contraindications (such as untreated pneu- 
mothorax or seizures) and a chamber is available (49). 





FLYING AFTER DIVING 





E The Divers Alert Network (DAN) 2002 Consensus Guidelines 
for Flying After Recreational Diving are summarized below. 
They apply to air dives followed by flights at cabin altitudes 
of 2,000-8,000 ft for divers without DCS symptoms. 

E For a single no-decompression dive, one should wait at 
least 12 hours prior to flying. 

E For multiple dives per day or multiple days of diving, 
18 hours are suggested. 

E For any decompression dives, “substantially longer than 
18 hours appears prudent” (46). 





MARINE LIFE EXPOSURES (4) 





E Coral abrasions: 

E Coral scrapes and lacerations are the most common 
diving injuries from marine life. 

E The sharp surface of coral is covered by soft living mate- 
rial that is deposited into scrapes causing inflammation, 
infection, and delayed wound healing. 

E Treatment: 


(E 


Vigorous scrubbing and irrigation with soap and water. 


L 


Topical antibiotics and wet-to-dry dressings. 





oO 


For any signs of infection, systemic antibiotics includ- 
ing coverage for Vibrio species should be used. 





Figure 90.2: Lionfish. 


E Sea urchins: 


E Sea urchin spines are venom-filled and cause painful 
punctures primarily on the hands and feet. 
E Spines are brittle and can break off in the skin. 
E Treatment: 
4 Immerse the wound in nonscalding hot water 
(110-113°F). 
“1 Remove any visible spines without digging around in 
the skin. Retained spines near joints may require sur- 
gical removal. 


4 For any signs of infection, systemic antibiotics includ- 
ing coverage for Vibrio species should be used. 

4 One- to 2-week course of nonsteroidal anti-inflammatory 
drug (NSAID) for pain and inflammation. 


E Poisonous fish envenomation: 


E Lionfish (Fig. 90.2), scorpion fish, and stonefish have 
venomous spines that cause painful puncture wounds, 
some of which are blistering. 

E These fish are found in coastal waters of the tropics pri- 
marily in the Indo-Pacific region but recently extending 
to the Bahamas and Southeastern United States. 


E Some toxins are heat labile. 


Stonefish stings can be life-threatening. 
Treatment: 


4 If the injured diver appears intoxicated, weak, vom- 
iting, or short of breath, provide advanced emergent 
care as indicated, which may include treating for DCS 
if definitive diagnosis is uncertain. 

4 An antivenin is available for stonefish stings, which 
may also be helpful for scorpion fish stings, but un- 
likely to help with lionfish stings. Emergency depart- 
ments in endemic areas should have access to these 
medications and are trained in their use. 
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4 Standard wound care including topical antibiotics 
may be required for weeks to months for some of these 
wounds. 


Sea bather’s eruption: 


E Caused by stings from nematocysts from certain anemo- 
nes and thimble jellyfish. 


E Confluent, erythematous papular rash involving the 
bathing suit—covered areas of the skin (Fig. 90.3). 


E Tingling may be noticed under the suit, which is exacer- 
bated by freshwater shower. 

E This may progress to severe and painful itching, usually 
lasting 3-5 days. 

E Treatment: 


4 Immediate application of vinegar or rubbing alcohol 
for decontamination. 


4 Topical low-potency steroids twice a day. 


4 Systemic corticosteroids may be required for severe 
reactions. 


4 Thorough cleaning of swimwear with alcohol or 
vinegar and soap and water. 


Seaweed dermatitis: 

E Caused by the blue-green algae Microcoleus lyngbyaceus 
— a hairlike plant that gets inside the bathing suit — 
commonly found in Hawaii and Florida waters during 
the summer months. 

E Widespread erythematous, pruritic (sometimes vesicular) 
rash involving the bathing suit—covered areas of the skin. 

E Treatment: 

4 Vigorous soap and water scrub followed by rinse with 
rubbing alcohol. 

4 Topical low-potency steroids twice a day. 

(4 Systemic corticosteroids may be required for severe 
reactions. 





Figure 90.3: Seabather’s eruption. From Studdiford JS, Bonat J. 
Pruritic rash after an ocean swim. Am Fam Physician. 2007;76(3):425-6, 
with permission. 


4 Immerse the wound in nonscalding hot water 
(110-113°F). 
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E Jellyfish stings: 


E Depending on the species, jellyfish stings can range in 
severity from mild burning and skin redness to excruci- 
ating pain and severe blistering with generalized illness. 

E A sting from the tiny box jellyfish (Chironex fleckeri) of 
Australia, which contains one of the most potent animal 
venoms known to man, can induce death in minutes. 

E Most jellyfish are not fatal but can inflict a painful sting 
when a diver comes in contact with their tentacles. 

E Treatment: 

2 If the sting is from a box jellyfish, immediately flood 
the wound with vinegar and soak it at least 10 minutes. 
Seek advanced supportive care as soon as possible. 
Antivenin is available as an intramuscular injection. 

4 For all other stings, briskly rinse the skin with sea water. 

I Liberally apply to the skin any of the following de- 
contaminants: vinegar, rubbing alcohol, one-quarter— 
strength household ammonia, or baking soda. 

Q Scrape or shave the skin carefully to remove the ne- 
matocysts (stinging cells), and then reapply the decon- 
taminant for 15 minutes. 





1 Be prepared to treat an allergic reaction following any jelly- 
fish sting. Immediately administer injectable epinephrine 
and an oral antihistamine for any signs of anaphylaxis. 


E Ciguatera poisoning (3,4): 


E Caused by ingesting warm-water reef fish that have ac- 
cumulated toxins from microscopic dinoflagellates that 
produce ciguatoxin. 


E Ciguatoxin-carrying fish most commonly ingested in- 
clude the jack, barracuda, grouper, and snapper. In the 
United States, these are found in Hawaii and Florida. 


E Ciguatoxin is heat stable and unaffected by cooking method. 


E Symptoms, which begin roughly 6-12 hours after eating 
the contaminated fish, include: 


1 Abdominal pain, nausea, vomiting, diarrhea 
Tongue and throat numbness, tooth pain 
Ataxia, weakness, fasciculation, incoordination 


Blurred vision, rash, pruritus, lacrimation 





m 
m 
m) 
Q Reversal of hot and cold sensation (hot liquids seem 


cold, and vice versa) 


E Signs include hypotension, bradycardia, neurologic defi- 
cits, and altered mental status. 


E Ciguatera poisoning is seldom lethal; mortality rate is 0.1%. 
E Treatment is mostly symptom-driven supportive care. 


4 Gastrointestinal decontamination with activated char- 
coal if performed within 4 hours of ingestion. 





Q Medications used to treat ciguatera poisoning include 
osmotic diuretics, serotonin-norepinephrine reuptake 
inhibitors, antihistamines, analgesics, antipyretics, 
and anti-inflammatories. 

E Recovery may be protracted, but prognosis is excellent 

for full recovery. 





COMMON MEDICAL DISORDERS 
AND DIVING 





E Some of the more controversial topics in diving medicine are 
covered below, including coronary artery disease, PFO, asth- 
ma, diabetes, spontaneous pneumothorax, and the elderly. 

E Detailed fitness to dive considerations for a more compre- 
hensive list of conditions can be found in: 

E Guidelines for Recreational Scuba Divers Physical 
Examination (45) 

E DAN Web site at https://www.diversalertnetwork.org/ 
default.aspx (17) 

E Standard texts such as Diving Medicine or Bennett and 
Elliott’s Physiology and Medicine of Diving (8,11) 

E DAN is available for phone consultation during business 
hours at (800) 446-2671 or for emergency calls 24 hours a 
day, 7 days a week at (919) 684-9111 (17). 





CORONARY DISEASE 





E According to 2006 American Heart Association statistics (2): 


E Seventeen million Americans have coronary heart disease — 
the single leading cause of death in the United States. 

E An estimated 1.3 million Americans will suffer an acute 
coronary syndrome this year. 

E Over 150,000 Americans killed by cardiovascular disease 
in 2006 were under age 65. 

E DAN fatality surveillance data reveal cardiac conditions as 
the number 2 cause of death (second only to drowning) for 
the 75 U.S. and Canadian recreational diving-related deaths 
in 2006 (41). 

E Approximately 80% of fatalities were 40 years or older. 
E Hypertension and heart disease were the most common 
conditions reported. 


E Diving places the following unique stresses on the heart: 
E Increased myocardial oxygen demands from swimming. 
E Preload is increased due to immersion-induced increased 
central venous return. 
E Afterload is increased from cold-induced peripheral va- 
soconstriction. 


E The Recreational Scuba Training Council (RSTC), Undersea 
and Hyperbaric Medical Society (UHMS), and DAN recom- 
mend that divers over 40 undergo risk assessment for coro- 
nary artery disease. 

E Exercise stress testing may be recommended for asymp- 
tomatic divers with multiple cardiac risk factors (23). 

E Routine screening would not be advised for young, low- 
risk divers due to the low positive predictive value of 
exercise stress testing in these individuals (27). 


E Fitness to dive is optimal when a diver can reach a maxi- 
mum capacity of 13 METS (metabolic equivalents) or 
stage 4 of the Bruce protocol. This peak capacity allows a 
diver to exercise comfortably at 8-9 METS (40). 

E Individuals with known coronary artery disease (includ- 
ing those with previous heart attacks and those with 
revascularization procedures) may dive with proper 
evaluation. After 6-12 months of healing and stabiliza- 
tion, if a thorough cardiovascular evaluation, including 
stress testing, determines that age-adjusted cardiopulmo- 
nary fitness is not impaired, then clearance for low-stress 
sport diving may be granted (13). 





PATENT FORAMEN OVALE 





E The foramen ovale is open during fetal life to allow for right 


to left shunting. For most people, this opening is closed at 

birth by a flap that seals against the atrial septum. 

E The flap is not sealed in about one-third of the population 
and can open with changes in intrathoracic pressure (29). 

E Ultrasound examination of divers has demonstrated that 
venous gas bubbles, which are common after diving and 
usually filtered by the pulmonary vasculature, can pass 
through a PFO and embolize the arterial circulation (33). 

E Shunting through a PFO may occur during times of cer- 
tain respiratory movements, such as the period following 
a Valsalva maneuver, which may take place with straining 
to lift heavy objects (i.e., scuba tanks after a dive). 

The relationship between PFO and DCS is controversial. 

E Although causality is still unproven, there appears to be 
an increased relative risk of developing DCS with a PFO 
versus without. 

The most widely quoted odds radio for serious DCS with 

PFO versus without PFO is 2.52 (95% confidence inter- 

val, 1.5—4.25) as determined by a meta-analysis published 

in 1998 (9). 

4 In 2003, a review of 145 peer-reviewed journal articles 
related to PFO found no clear agreement regarding 
the role of PFO in DCS (19). 

d Other authors have concluded that PFO increases the 
risk for DCS between 2.6 and 5.5 times (12,21,43). 

E In terms of the absolute increased risk, DCS in 
recreational divers is extremely rare, occurring after only 
0.005%-0.08% of dives. 


E DAN Project Dive Exploration recorded three cases of 
DCS in approximately 15,000 dives (41). 

Evidence supports that the average recreational sport diver 

need not be screened for PFO. 





E For those already diagnosed as having a PFO, this is not 
an absolute contraindication for diving. 

E A safe strategy would be to reduce the venous bub- 
ble load when diving by avoiding dives that require 
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decompression stops, by limiting bottom time, or by 
the appropriate use of oxygen-enriched breathing 
mixes (32). 





ASTHMA 





E More than 22 million Americans have asthma, which is 
roughly 7% of the total population (35). 

E Several surveys have revealed the prevalence of active 
asthmatic disease among divers from 4% to 7% (26). 

E Historically, asthma was considered an absolute contraindi- 
cation to diving. 

E Pulmonary obstruction, air trapping, and hyperinflation 
that accompany an acute asthma attack would seemingly 
place the asthmatic diver at increased risk for pulmonary 
barotrauma. 

E Conditions such as cold and exercise serve as triggers for 
many asthmatics (36). 

E Despite the theoretical risk, the evidence for actual risk of 
pulmonary barotrauma or DCS among divers with asthma 
is equivocal. 

E A comprehensive review of the literature in 2003 found 
no epidemiologic evidence for an increased relative risk 
of pulmonary barotrauma, DCS, or death among divers 
with asthma (26). 

ŒE When considering fitness to dive, asthma should not be 
viewed as a single disease. 

E With such variation among patients of precipitating fac- 
tors, pulmonary function, degree of airway obstruction, 
and reversibility, this condition demands individualized 
consideration based on each specific diver’s history and 
disease syndrome (36). 

E Several published guidelines for diving with asthma are 

summarized below: 

1 In Australia, all divers with asthma should be con- 
sidered for provocative lung function testing prior to 
certification (22). 





4 In the United Kingdom, well-controlled asthmatics 
(excluding cold-, exercise-, or emotion-induced asth- 
matics) may dive as long as they do not require a bron- 
chodilator within 48 hours (10). 

4 Among experts and other major diving organizations, 
the consensus is that lung function must be normal 
before an asthmatic can dive. 

4 The RSTC and UHMS recommend that carefully selected 

mild to moderate well-controlled asthmatics with nor- 

mal screening spirometry (preexercise and postexercise) 

may be considered candidates for diving (18). 





Medication used to maintain normal spirometry is 
not a contraindication to diving. 

Inhalation challenge tests using methacholine are 
not recommended. 
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Provocation testing with exercise or hypertonic sa- 
line inhalation may be more specific for evaluating 
the effects of asthma on diving (45). 

44) Management is the same for chronic obstructive pul- 
monary disease (COPD). Because most COPD pa- 
tients will have persistent abnormal laboratory studies, 
they should be advised not to dive. 





DIABETES MELLITUS 





E Diabetics have historically been prohibited from diving 
because of the potential for underwater hypoglycemic 
events (44). 

E The RSTC, UHMS, and DAN consider diabetes a severe risk 
condition in accordance with the Scuba Schools Internation- 
al guidelines (45). 

E This guideline warns that a rapidly changing level of 
consciousness associated with hypoglycemia can con- 
tribute to drowning and specifies that “diving is therefore 
generally contraindicated, unless associated with a spe- 
cialized program that addresses these issues” (45). 


E Multiple studies have demonstrated that select diabetics can 
safely participate in recreational diving and that evidence is 
lacking for a widespread ban on diving for all diabetics (44). 

E Diabetic divers must be held to a very high standard of 
physical fitness and experience in diabetes management, to 
include monitoring daily glucose patterns and the effects of 
strenuous exercise and exclude divers with any significant 
systemic diabetic sequelae, recent history of hypoglycemia, 
or poorly controlled blood glucose (23,44). 

E A workshop jointly sponsored by the UHMS and DAN in 2005 
published guidelines for diabetes and recreational diving. 


E These guidelines stipulate that adults with diabetes may 

qualify as fit to dive during their annual physician’s re- 

view if they have: 

I Been on a stable dose of insulin for 1 year or oral hy- 
poglycemic agents for 3 months 

4 Hemoglobin Alc = 9% 

No significant episodes of hypoglycemia or hyper- 
glycemia for 1 year 

1 No secondary complications of diabetes 





No hypoglycemia unawareness 

E Additionally, these guidelines provide scope of diving 
limitations and recommendations for glucose manage- 
ment on the day of diving (42). 





SPONTANEOUS PNEUMOTHORAX 


E Some individuals have weak areas (blebs) in the pleural lin- 
ing of the lung that can rupture without provocation, result- 
ing in pneumothorax. 


In diving, these blebs predispose a diver to pulmonary baro- 

trauma because they are weaker than normal lung tissue, 

empty their air slowly during exhalation, and can build up 
pressure during ascent causing rupture. 

About half of those who suffer a spontaneous pneumotho- 

rax are likely to have another (5). 

Individuals who have experienced spontaneous pneumotho- 

rax should not dive under any circumstances (37). 

E Even if computed tomography (CT) scanning shows no 
evidence of underlying lung disease, patients with a his- 
tory of spontaneous pneumothorax are recommended 
not to dive (30). 

E Even after pleurodesis, designed to prevent recurrent 
spontaneous pneumothorax, recommendations remain 
to avoid diving (45). 


ELDERLY AND DIVING 





The diving population is aging, along with the U.S. popula- 

tion at large. 

There is no upper age limit for recreational scuba diving. 

Recommendations for diving in the elderly are based on the 

presence of acute or chronic illness and especially on the 

physical conditioning of the individual. 

Physical capacity is known to decline with age, yet there are 

many older athletes who have attained a higher level of fit- 

ness than many of their younger counterparts. 

Some physiologic responses to aging should be considered 

when reviewing fitness to dive for older individuals (6). 

E Known cardiovascular changes with age include: 

Q Increases in blood pressure and peripheral vascular 
resistance 





Q Decreases in oxygen uptake, work capacity, and maxi- 
mal heart rate 

E Coronary artery disease, frequently found in the elderly, 
is a major contributor to diving-related deaths in North 
America. 

E Emphasis is placed on assessing physical capacity and 

screening for coronary disease during evaluation for fit- 

ness to dive. 


4 Individuals 40 years of age or older should undergo 
risk assessment for coronary artery disease, which may 
require formal exercise testing. 

4 A maximum capacity of 13 METS is the suggested 
criteria for stress testing to allow a diver to swim 
comfortably with diving gear in a 1-knot current ex- 
pending 8-9 METS (45). 

E Other physiologic changes with age include breathing dif- 

ficulties from increased dead space, glucose intolerance, 

heat and cold intolerance, decreased range of motion 
from changes in collagen structure, and alterations of 
neurologic function. 





With careful evaluation, some elderly athletes in good health 
can undertake a safe recreational diving program that should 
not be as rigorous as programs recommended for their 
younger counterparts (1,6). 
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Figure Skating 


Roger J. Kruse and Jennifer Burke 





SCOPE OF PARTICIPATION 





E The U.S. Figure Skating Association (USFSA), a member of 
the International Skating Union (ISU) and U.S. Olympic 
Committee (USOC), is the national governing body for fig- 
ure skating and includes more than 740 member clubs and 
over 176,000 members (21). 





DISCIPLINES 





E Singles skaters combine the highest level of athleticism and 
artistry. These skaters complete multirevolution jumps 
and spins with rapid footwork sequences, spiral sequences, 
and connecting moves. 

Œ Pairs skaters skate as a traditional couple, performing not 
only multirevolution jumps and spins, but also numerous 
high-risk maneuvers such as throw jumps and overhead lifts. 

E Ice dancers skate as a traditional couple, concentrating on 
speed, body lean, edges, and precise technique. The rules of 
the sport limit jumps, spins, and lifts, and partner separations. 

E Synchronized skating is a technical form of team skating char- 
acterized by speed, intricate formations, and transitions. It is 
currently the fastest-growing discipline in figure skating with 
approximately 570 registered teams nationally. Teams are 
typically composed of 16 skaters, most often female skaters. 





COMPETITION 





E In the United States, the competition levels for men and 
women are preliminary, prejuvenile, juvenile, intermediate, 
novice, junior, senior, and adult. Participation in each level is 
generally determined not by age, but by accomplishment of 
the specific skill tests. 

E In competition, singles, pairs, dance, and synchronized skat- 
ers perform two programs, the components of which are dic- 
tated by level. 

E The short program varies in length with competition level, 
but not as a function of gender. Senior competitors perform 
required elements to music that cannot exceed 2 minutes 
and 40 seconds in length. 








The long program is performed to music that for senior skat- 
ers cannot exceed 4 minutes and 30 seconds and is more 
difficult. 





SPORT SCIENCE 


Athlete Attributes 


Physical 


Figure skaters are generally shorter, lighter, and leaner than 
average (11,12). At the most elite levels, shortness, leanness, 
and linearity of physique are particularly noted in the fe- 
male ice dancers and pair skaters. Most figure skaters are 
right-leg dominant, rotate counter-clockwise, and land on 
their right leg. 


Physiology 


Physiologic testing, including VOomax flexibility, vertical 
jump, body composition, strength, and power evaluations, 
are useful in planning and monitoring training programs. 
Off-ice training and periodization of training are necessary 
in order to optimize these elements. While performing a 
program, a figure skater will reach 90%—100% of their max- 
imal heart rate within 30—60 seconds and then sustain that 
level of intensity for the duration of the program. Figure 
skating can be compared to tennis with regard to the neces- 
sity of a well-developed anaerobic and aerobic energy sys- 
tem. The effort required for a long program in figure skating 
can be compared to running a 4-minute mile. The increas- 
ing complexity of the technical elements being performed 
in all disciplines of skating is approaching the acrobatics of 
gymnastics. 


Nutrition 


Skaters, particularly female figure skaters, eat with the goal 
of achieving or maintaining the lean athletic body type 
demanded by the sport. Female pair skaters must be light- 
weight for successful completion of increasingly complex 
lifts and throw jumps. Female ice dancers are judged on an 
aesthetically pleasing body line, particularly at higher levels 
of competition. 

The most common dietary issues encountered are inad- 
equate caloric intake and hydration, as well as suboptimal 
food choices and poor timing of nutrition (25,26). 
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Total energy intake and intake of dietary fiber and fat 
(females) are often below dietary recommendations. 


Intake of some micronutrients, including vitamin D, vitamin 
E, magnesium, potassium, folate, pantothenic acid, phos- 
phorous, and calcium, in females was shown to be less than 
two-thirds of the recommended daily allowance (6). 
Approximately 50% of elite figure skaters use dietary supple- 
ments, with multivitamins being the most commonly con- 
sumed supplement (27). 


Bone Mass 


Prepubertal figure skaters’ bone mineral density of the spine 
and lower extremities has been shown to be significantly 
higher than in nonskaters, suggesting that intense weight- 
bearing exercise may protect bone mass in younger athletes, 
despite inadequate nutritional intake (19). 

Postmenarchal skaters with a history of stress fracture do 
not typically have lower bone mineral density as compared 
to nonathletic controls but do have significantly lower bone 
mineral density compared to skaters without fractures (14). 


Psychology 


More than 85% of the most successful elite skaters are using 
sports psychology techniques year-round; almost every elite 
athlete in the United States uses visualization and imagery. 
The abilities to concentrate and refocus are positive predic- 
tors of how well athletes will perform. Negative thinking and 
lack of emotional control are significant issues. 


The relationship of the skater, parent, and coach is a very 
close one, and the treating physician must communicate 
with each to optimize treatment compliance and outcome. 
Addressing the psychological impact of an injury is very im- 
portant to the recovery process. 

As a team sport, team dynamics and team building in syn- 
chronized skating are integral to success and must be includ- 
ed in training programs. 


Equipment 


Boots and Blades 


The skating boot is made primarily from leather. A skater’s 
ankles are plantarflexed in the skate due to the height of 
the boot heel. Some manufacturers make a boot with heat- 
molded parts in order to customize the fit. 


The design of the skating boot has changed over the past 
25 years. The boots have become increasingly stiff in response 
to requests from skaters and coaches to enhance support, 
slow break down, and accommodate skaters with suboptimal 
ankle strength and proprioception to improve jump landing 
success rates. 

Over-the-counter or stock boots and blades are less expen- 
sive and less rigid and can be variable in construction. They 
are sold as a single unit, with the blade screwed or riveted to 
the boot. Most elite athletes wear stiff custom-made boots 
bought separately from the blades. 


E New skates and blades can cost well over $1,000 and are usu- 
ally replaced every year. Skaters typically replace boots when 
the ankle support breaks down. Stock boots are available for 
half the price of custom-made boots but must be replaced 
more often. 


Œ More recently, to improve the biomechanical advantage of 
plantarflexion in performing jumps, to facilitate increas- 
ingly complex and technical elements, and to perhaps de- 
crease injury rates, boot designs such as the “hinged boot” 
or articulated band lighter-weight synthetic boots have been 
introduced with mixed success. Off-ice analysis of skaters 
jumping using the articulated boots showed evidence of 
decreases in peak heel forces and loading rate. Analysis of 
on-ice jumps did not demonstrate the same decrease in land- 
ing forces (3). Most recently, inserts and blade mounting 
techniques are being introduced to help decrease/improve 
impact forces. 


E Optimal boot fit is necessary to prevent boot-related inju- 
ries. The boot should be lightweight (< 5% of skater’s body 
weight). It should have a broad forefoot, a well-fitted heel, 
and a well-padded tongue. New boots should be introduced 
at the end of the competitive season and never be worn alter- 
nately with old boots. There is little room in boots to accom- 
modate orthoses, although increasingly, stock and custom 
options are commercially available. The plantarflexed posi- 
tion in which the boot holds the foot must be accounted for 
in orthotic construction. 


Biomechanics 


Jumps 

E Shoulder abductor strength and knee extensor strength are 
two main predictors of jump height (16). An athlete’s upper 
body strength and consequent ability to pull arms against 
centrifugal forces, attaining a tight air position, when initiat- 
ing jump rotation are correlated positively with the athlete’s 
ability to perform the more difficult jumps. 

E To perform the increasingly difficult triple and quadruple 
jumps, the athletes are rotating faster, not necessarily jump- 
ing higher (7). Flight times for single, double, and triple 
jumps are very similar due to nearly identical vertical velocity 
at takeoffs (7). However, athletes who have mastered higher 
revolution jumps, such as triple and quadruple jumps, gen- 
erate greater vertical velocity at takeoff of lower revolution 
jumps (9). 

E Impact forces are greater on landing higher revolution jumps 
as a result of delayed landing and the need for the athlete to 
forcefully extend his or her landing leg toward the ice from a 
shorter distance (9). 

Spins 

E It is important to be aware that spinning typically requires a 
greater energy expenditure than jumping. The athlete rotates 
three to six revolutions per second, creating 200-300 pounds 
of centrifugal force (13), and when the athlete changes po- 
sition during the spin, these forces can go up. Upper body, 


lower body, and core strength are all required to keep the 
arms and legs close to the axis of rotation to counteract the 
centrifugal force. 


Throws and Lifts 


Œ Pair skaters and ice dancers and, to a lesser degree, synchro- 
nized skaters are continuing to push technical boundaries 
and are increasingly performing more complex, creative, and 
acrobatic elements. 

E To perform the increasingly difficult throw double and triple 
twists, similar to triple and quadruple jumps, the pair teams 
use primarily increased rotational rates and, to a lesser degree, 
increased flight time due to delayed or lower catches (8). 


Training 


General 


E Figure skaters often begin rigorous training as early as 5 years 
of age, and some are performing jumps requiring two or 
three revolutions by the age of 8. The more elite athletes can 
spend up to 45 hours a week dedicated to their sport: roughly 
15-30 hours per week on the ice and 5-15 hours performing 
off-ice conditioning. Additional time is spent on choreogra- 
phy, attention to nutritional plan, sport psychology, music 
selection, and costume design and fitting. 

E Periodized training schedules run virtually year-round with 
only a small break during the early spring, significantly in- 
creasing the risk of overuse injury, particularly during times 
of rapid growth. 

E The level of training required of a developing and certainly 
an elite figure skater requires singular focus and high de- 
mands, so many of these athletes pursue concurrent home 
schooling. 


On-lIce 


H A typical on-ice training regimen includes two to three 
45-minute on-ice sessions throughout the day. Training 
programs are usually most intense from late spring through 
summer. During the competitive seasons, less time is spent con- 
ditioning, and more time is spent perfecting choreography. 


Off-Ice 


ŒE Athletes who participate in off-ice programs are stronger, 
have better developed aerobic and anaerobic energy systems, 
jump higher, have more consistent jump landings, have 
tighter and faster spins, and feel more confident on the ice. 
Additionally, these athletes may have decreased injury rates 
for level of participation. 


E Off-ice conditioning is mandatory for success at the preelite 
and elite levels. 


E Off-ice programs should include core strengthening, plyo- 
metrics, and attention to symmetry of limb flexibility and 
strength, especially hip, ankle, and foot, as well as cardio- 
vascular fitness, including both aerobic and anaerobic fit- 
ness. As the athlete spends more time taking part in off-ice 
conditioning programs, it is important to adjust the time 
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spent on the ice. It is also important to consider and account 
for both off-ice and on-ice training when determining injury 
mechanisms and returning the athlete to sport. 





MEDICAL ISSUES 





Musculoskeletal Issues 


General 

E The musculoskeletal problems of skaters primarily affect 
the lower extremity: the knee, foot, and ankles. However, the 
rates of lower extremity stress injuries, particularly in female 
athletes (5), as well as back injuries and perhaps, most nota- 
bly, pelvic injuries have progressively increased over the past 
15-20 years. Since the elimination of figures in 1990 and the 
introduction of a new scoring system in 2004, the focus of 
the sport has shifted to achieving points based on techni- 
cal feats. A large majority of the athlete’s training is spent 
practicing jumps, throws, lifts, complex spins, and footwork 
sequences. 


E The incidence of injury in figure skating has been calculated 
to range from 1.37 to 3 per 1,000 hours of training (2,10). 
The nature of injuries often varies with the skater’s discipline 
(20). At least half of all injuries in singles skaters are attrib- 
uted to overuse mechanisms (2,5,10) and may be prevent- 
able with attention to optimizing flexibility, symmetry of 
strength and power, attentiveness to periodization of train- 
ing, and being mindful of the number of times an athlete is 
landing a jump or a throw, particularly during times of rapid 
growth and new skill development. These data, however, pre- 
cede the change in the scoring system and do not reflect the 
increasing rate of injuries observed. 

Œ Pairs skaters and ice dancers have a higher risk of acute in- 
juries than singles skaters due to falls from lifts and throw 
jumps (5). 

E Synchronized skaters have an increasing number of acute 
injuries affecting: lower extremities > upper extremities 
> head injuries (4). 


Boot- and Blade-Related Issues 


The boot and blade are the most important pieces of equip- 
ment of the figure skater and are likely contributors to most 
injuries. 

E Boot stiffness, fit, alignment, weight, and blade mount and 
alignment are issues that can contribute to injury. 


Lower Extremity 


Foot 


E Bursitis is the most common skating problem related to the 
foot and is caused by boot pressure points causing exces- 
sive compression and shear forces. Both malleoli can be af- 
fected, although medial malleolar bursitis is more common. 
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The fibula at the boot top and the area over the anterior tibi- 
alis tendon are also commonly affected. Bursitis is generally 
well tolerated but can easily become inflamed with minor 
irritation or boot changes. These types of injuries are treated 
by operating on the boot, not the skater. Focal stretching/ 
punching out of boot in rub areas and/or padding placed to 
distribute compressive forces around the malleoli will typi- 
cally alleviate the problem. Aspiration and subsequent injec- 
tion with cortisone and a compressive wrap are tempting, 
although infrequently indicated or beneficial. Rarely is sur- 
gery required (1). 

A pump bump or Haglund deformity of the calcaneal tuberosity 
is caused by a boot heel that is too wide for the skater’s heel. 
This allows the skater’s heel to slide up and down within the 
boot, resulting in callus and bursa inflammation. For nearly 
all cases, the skate fit should be addressed. It is important 
that the heel of the boot be sufficiently narrow to prevent up 
and down motion of the heel. This can be done with padding 
medial and lateral to the Achilles tendon region, paying spe- 
cial attention not to compress that structure. Small heel lifts 
may also be helpful to hold the calcaneal tuberosity firmly 
against the upper part of the skate heel as it curves forward. 


Tibialis anterior and extensor hallux tendinosis or tenosyno- 
vitis are caused by repetitive dorsiflexion and plantarflexion 
of the ankle, excessive compression of crossing laces, and ab- 
normal creasing of the boot tongue across the anterior foot. 
Crepitus over the tendon structure and nodules are not un- 
common clinical findings. To prevent anterior compression 
injuries, the boot tongue should be in a neutral position or 
slightly medial, especially when the boots are being broken 
in. If the tongue is properly centralized, tibialis anterior ten- 
dinosis can still occur, but it can be prevented by padding the 
boot tongue with closed cell foam or thermoplastic material. 
A more flexible boot may be preventative. 


Sinus tarsi pain is less common and is typically caused by the 
break-in crease. 


Achilles tendinosis, partial tears and nodules of the Achil- 
les tendon, can occur from compression of the tendon with 
plantarflexion of the foot against the boot and can also oc- 
cur during off-ice training with running and jumping. The 
Achilles tendon is generally protected by the height of the 
boot heel, although in some cases, the posterior portion of 
the boot can be inappropriately angled forward. Boot modi- 
fications may be helpful. Ice dancers often have boots with 
low cutout areas for the Achilles tendon to improve their line 
and ability to bend their knees. This modification may be 
helpful for any skater. 


Plantar fasciitis is very common in figure skaters because of 
the repetitive pounding. It is treated in the usual manner 
with ice, relative rest, stretching, night splinting, and physical 
therapy. 

Stress fractures commonly occur in the tarsal navicular and 
the metatarsals and are caused primarily by the cumulative 
effect of jumping, repetitively training a new element, and 
the position of the foot in the boot. 


Other areas that can be irritated include the base of the fifth 
metatarsal and the tarsal navicular. Corns and calluses on the 
toes are seen frequently. Typically, these are all issues that oc- 
cur as a result of improper boot fit and can be treated with 
donut pads, punching out the boot, and other modifications 
to the boot. 


Ankle 


Poor ankle proprioception, inversion, and eversion strengths 
are significant issues among skaters due to the stiffness of 
the boot and the many hours skaters spend on the ice. Over 
the past 10-15 years, however, attention has been placed on 
optimizing foot and ankle strength in off-ice programs. 


Lower Leg 


Posterior medial tibial syndrome, peroneal tendinitis, and/ 
or fibular stress syndrome may develop at the level of the top 
of the boot, extending above and below the level of the boot. 
These syndromes are typically attributed to weakness of the 
tibialis posterior and peroneal muscles. They can also be due 
to relative inflexibility of the gastrocnemius—soleus complex. 
Continued training with such symptoms can culminate in tib- 
ial and/or fibular stress fractures. Treatment and prevention 
include optimizing flexibility in the gastrocnemius—soleus 
complex, strengthening of the ankle inverters and everters, 
evaluation of the boot and the skater’s position within the 
boot, and attention to repetitions of jump and throw landings, 
particularly suboptimal landings. Orthoses, blade mounting, 
and padding of the top of the boot may be beneficial. 


Knee 


Anterior knee pain is one of the most frequent problems and 
typically occurs in the “landing leg.” The etiologies are mul- 
tiple and include relative hip weakness, quadriceps weakness, 
inadequate flexibility of the hip and thigh musculature, pa- 
tella shape, and tracking issues. Skaters may also experience 
patellar compression injuries from falling but rarely experi- 
ence patellar fracture. 


Infrapatellar tendinosis and patellar tendinosis are seen in 
elite skaters and are often very difficult to treat because of 
the lengthy competitive season. In addition to activity modi- 
fication, strapping, and physical therapy, platelet-enriched 
plasma injections with ultrasound guidance have been used 
with encouraging results. 


Meniscus and ligament injuries are relatively rare in figure 
skaters, likely due to the lack of fixation of the blade in the 
ice. Jumps are typically landed as the athlete is skating back- 
ward, and co-contraction of the quadriceps and hamstring 
muscles is necessary for control of the landing. However, 
with increasing technical demands and complexity of pair 
and ice dance elements, in particular, the rate of these inju- 
ries is increasing. 


Core, Hip, and Pelvis 


Athletes continue to present with an increasing rate of groin, 
hip flexor, adductor complex, and external and internal 
oblique injuries. These types of injuries are some of the most 


common and debilitating injuries sustained by the most elite 
athletes. More than 25% of the elite athletes from the United 
States and Canada have been affected by these injuries during 
their careers. These injuries occur more often during times of 
rapid growth as a result of fatigue or suboptimal conditioning 
as new technical elements are introduced and due to the lack 
of attention to complexities of periodized training. 


The increase in these types of injuries is attributed to the 
focus on triple and quadruple revolution jumps, the in- 
creasingly complex choreography, and the dynamic foot 
work sequences. The mechanisms are multifaceted. Skaters 
perform upwards of 45—60 practice jumps daily. They often 
have tight hip flexors and asymmetrically strong hip flexors. 
Additionally, skaters can have relatively weak or asymmetri- 
cally strong core musculature and hip stabilizers. Combined, 
these issues increase the potential for overuse injury. 


Avulsion fractures of the ischium, lesser tuberosity, and crest 
of the ilium have increasingly been reported in singles and 
pair skaters, as well as synchronized skaters. These occur dur- 
ing early phases of growth spurts and have markedly increased 
in athletes who perform the more difficult double, triple, and 
quadruple axel jumps. These injuries are slow to heal and of- 
ten recur. Proactive evaluation of the athlete for hip strength 
asymmetry, flexibility, and endurance can be preventive. Addi- 
tionally, it is important to ensure that an athlete has adequate 
strength to initiating training for such jumps. 


Spine 


E Many skating elements and jump landings require an arched 


or hyperextended back, placing the posterior elements of the 
lumbar spine at increased stress and causing potential for 
lumbar strain, facet pain, posterior iliac crest injury, spondy- 
lolysis, and spondylolisthesis. This is compounded by the in- 
creasing technical complexities rewarded by the point-based 
scoring system requiring the athlete to jump more, land more 
throws, spin in compromised positions, and perform more 
dynamic footwork sequences that place a cumulative load on 
the posterior elements of the spine. The rigidity of the boot 
and restricted plantarflexion of the ankle limit adequate knee 
flexion; therefore, the athlete is unable to maintain normal 
alignment of the spine with jump and throw landings, during 
some spin positions, and during some complex choreography. 


Spondylolysis is often missed by clinicians, and a high level 
of suspicion is important to diagnose this injury in skaters. 
A young skater with persistent back pain should be evaluated 
with x-rays, followed by a single photon emission computed 
tomography bone scan or magnetic resonance imaging with 
attention to the pars articularis. 


Appropriate therapy includes strengthening of the core 
musculature to provide control of the trunk and pelvis and 
to assist in maintaining the alignment of the body dur- 
ing jumps, spins, and lifts, as well as strengthening of the 
ankle-supporting musculature, which may give the skater an 
option to consider the use of a more flexible boot that ac- 
commodates greater dorsiflexion during landing. 
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Upper Extremities 


Upper body strength is essential to both jumping and spin- 
ning and pair elements. Many elite skaters have inadequate 
shoulder stabilizers. 

Male pair skaters are at the highest risk of chronic rotator 
cuff dysfunction and scapular stabilizer insufficiency. 
Synchronized skaters are at increased risk of shoulder and 
wrist injuries because they often hold onto each other 
throughout their programs. 





MEDICAL CONCERNS 





Exercise-Induced Bronchospasm 


The incidence of exercise-induced bronchospasm (EIB) 
ranges from 33% to 50% in elite skaters in the United 
States, with greater prevalence among females and younger 
skaters (17,23). 

Relatively cold air temperatures in combination with expo- 
sure to carbon monoxide and nitrogen dioxide in enclosed 
ice rinks (15), questionable air quality from ice resurfacer 
exhaust fumes, inadequate ventilation systems, and mold in 
many rinks contribute to ambient pollution that produces a 
significant environmental trigger for EIB (13,23). Repetitive 
bouts of extremely vigorous exercise, where heart rate often 
reaches 90%—100% of predicted maximums during the first 
minute of a 4- to 5-minute program, also put athletes at in- 
creased risk for symptoms of EIB. 


Ideally, screening for EIB in elite athletes should be carried 
out using spirometry in a sport-specific environmental set- 
ting and under competition level of exertion (18). 

Because spirometry is not easily available at most ice rinks, 
an athlete can be educated to check their peak flows while 
at the rink. Peak flows should be obtained before a perfor- 
mance of a long program and at 1 and 5 minutes after the 
program is completed. A 10%—15% decrease in peak flow 
can be suggestive of EIB. 

Most skaters respond well to preexercise treatment with 
an inhaled quick-acting B-agonist. Some skaters need to 
use inhaled steroids prophylactically to moderate their 
EIB symptoms. 


Vocal cord dysfunction is an important alternative consider- 
ation in the differential diagnosis of EIB in figure skaters. 


Disordered Eating 


Disordered eating patterns and eating disorders, as in any 
sport that emphasizes a leaner body with linearity of phy- 
sique, are of a significant risk among figure skaters. It is 
unclear what the prevalence is and whether the risk of eating 
disorders increases as the skaters climb through the ranks of 
national and international levels. 


626 SECTION Vİ Sports-Specific Considerations 


Menstrual Dysfunction 


E Later age of menarche is not uncommon among female fig- 
ure skaters, particularly in elite pair skaters (22). Later on- 
set of menarche and irregularities of menstrual cycle can be 
attributed to familial resemblance (22), as well as to a high 
level of training, which is associated with inadequate caloric 
intake with relation to activity level (24). 





THE FEMALE ATHLETE TRIAD 





E As in any sport in which appearance is judged, clinicians 
must maintain a high level of suspicion for the potential of 
the continuum of the female athlete triad. 





CONCUSSIONS, LACERATIONS, 
AND CONTUSIONS 





E Skaters involved in pairs skating, ice dancing, and syn- 
chronized skating suffer a higher rate of concussions, con- 
tusions, and lacerations as compared with single skaters. 
Frequently, multiple skaters are injured at the same time 
in synchronized skating. 


THE FUTURE 





E In summary, at least half of all figure skating injuries appear 
to be preventable and are due to overuse mechanisms and/ 
or boot and blade issues. New boot designs have been intro- 
duced with mixed success, and future considerations in boot 
and blade development continue to include flexibility, com- 
fort, support, durability, cushioning of landing impact, light- 
er weight, ability to plantarflex and dorsiflex foot to assist 
with shock absorption from jumping and to assist in power 
for jump takeoffs, affordability, blade alignment and mount- 
ing, weight of boot and blades, and adaptability to orthoses. 


E Figure skating is a demanding sport that requires athletes to 
begin training at a young age and be able to successfully per- 
form jumps of increasing difficulty. The new scoring system, 
introduced in 2004, rewards increasingly difficult and com- 
plex jumps, spins, footwork sequences, and transitions. The 
athletes are performing more elements and more technically 
demanding elements in each of their programs. Unfortu- 
nately, many prepubescent athletes train using a large num- 
ber of jumps daily, and these athletes, particularly while going 
through puberty, are at a high risk of being injured. It is likely 
that reported injury rates underestimate the rate of injury 
observed subsequent to the introduction of the new scoring 
system. Like gymnastics, the longevity of the most elite ath- 
letes is increasingly fleeting. It is unlikely that we will see an- 
other athlete like Michelle Kwan, who has nine national titles. 


In order to prevent injuries, studies need to be done in- 
corporating the age and the development of the athletes, 
to determine optimal training programs that can address 
relative jump counts (similar to Little League pitch counts) 
and frequency of training new and more complex choreog- 
raphy that places the young athlete’s body in functionally 
comprised positions. Factors that should be considered in- 
clude type of jump, level of mastery, physical issues such as 
strength and symmetry, hours of on-ice and off-ice training, 
recovery time between sessions, and time in training cycle. 


The level of performance required of the successful elite ath- 
lete is escalating. In order to decrease the risk of injury and 
optimize the health and performance of the athlete, planning 
and continued careful attention to complexities of a detailed, 
periodized training plan are necessary. Communication be- 
tween the skater, the skater’s parents and coaches, the off-ice 
support group, and the medical support staff is imperative. 
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Football 


John M. MacKnight 








INTRODUCTION 





E Sports medicine coverage of American football places unique 
demands on the sports medicine practitioner. A wide variety 
of football-specific conditions demand that those respon- 
sible for the care of football teams be well versed in an array 
of both medical and orthopedic issues. 

E Appropriate planning can minimize the likelihood of athlete 
injury and help to ensure that athletes are protected and re- 
turned to play safely and in a timely manner. 





MUSCULOSKELETAL INJURIES 





E Fifty percent of football players at all levels will be injured to 
some degree in any given season. The majority of these in- 
juries involve the lower extremity, with sprains, contusions, 
and strains being most common. Fractures account for ap- 
proximately 10% of injuries. 


Lower Extremity Injuries 


Medial Collateral Ligament Sprain, Knee 

E The most common knee injury seen in football, resulting 
from a valgus load to the knee by another player during 
blocking or tackling. 

E Grading of medial collateral ligament (MCL) sprains: 

E Grade | injuries have stretched but not disrupted the liga- 
ment, and the knee examination (valgus loading of the 
knee at 0 and 30 degrees of flexion) reveals no laxity com- 
pared to the uninjured side. 

E Grade II injuries have partial ligament disruption with 
discernible laxity and increased excursion on valgus test- 
ing but preservation of an endpoint. 

E Grade III injuries represent full ligament tears with gross 
laxity and no discernible endpoint. 

E All three grades are generally managed conservatively with 
icing, nonsteroidal anti-inflammatory drugs (NSAIDs), and 
protective bracing. Even athletes with grade III injuries may 
resume sport in protective braces if symptoms allow. 

E Many football programs now use protective medial sta- 
bilizing braces to decrease the incidence of MCL injury, 
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particularly in interior linemen. Although data have not 
clearly proven their efficacy, braces may enhance propriocep- 
tive function (and thus allow the player to avoid high-risk 
knee positions) and are a reasonable preventative measure 
for at-risk players. 


Meniscal Tears 


An injury to the medial or lateral meniscal cartilage typically 
resulting from a rotational injury applied to the flexed knee. 
Pain may be acute or chronic, and the athlete commonly 
complains of mechanical symptoms including a sense of 
locking or giving way of the knee. 

Meniscal tears are classically characterized by small effu- 
sions, focal joint line tenderness to palpation, normal liga- 
ment testing, and positive McMurray and Apley grind tests. 
Pain and dysfunction may also be elicited by squatting. 
Definitive diagnosis is usually via magnetic resonance imag- 
ing (MRI), which demonstrates characteristic signal changes 
in the affected meniscus. 

Most meniscal tears are amenable to arthroscopic debridement 
with resumption of football activities in as few as 2 weeks. 


Anterior Cruciate Ligament Tear 


The most devastating knee injury commonly seen in football, 
anterior cruciate ligament (ACL) tears, generally result from 
valgus loading of the slightly flexed knee, creating significant 
shear forces on the ACL with resultant tearing. The majority 
are noncontact injuries, but the ACL may be torn in a similar 
contact mechanism to that of the MCL noted earlier. As such, 
simultaneous injury of both ligaments is not uncommon. 
The injury is accompanied by significant pain, often an 
audible “pop” or a sense of tearing inside the knee, immedi- 
ate swelling, subjective instability of the knee, and laxity on 
the Lachman or anterior drawer test. 

For competitive athletes, ACL tears generally require surgical 
reconstruction. Graft options include patellar tendon, ham- 
string tendon, or cadaveric grafts. Patellar tendon grafts are 
generally preferred in athletes but may lead to earlier patel- 
lofemoral arthritis than the alternatives. Caution must also 
be used with patellar grafting in athletes with prior patel- 
lar tendon dysfunction. After 6-9 months of aggressive re- 
habilitation, functional bracing to protect the reconstructed 
ACL is generally desirable to aid safe return to full football 
activities. 


Hamstring Strain 


A common injury typically of the midsubstance of the ham- 
string musculature characterized by partial tearing, edema, 
and ecchymosis. 


Clinically presents with acute onset of posterior thigh pain 
in association with sprinting, explosive acceleration or decel- 
eration, or change in direction. 

Physical exam reveals focal tenderness over the injured mus- 
cle belly. There may be a discernible muscular defect pres- 
ent. Mild warmth and edema may be present. Ecchymosis is 
common and can be impressive. 

The athlete typically limps, holds the knee in mild flexion, 
and has obvious loss of knee extension range of motion. 
Management focuses on acute injury modalities followed by 
general restoration of range of motion and full strength be- 
fore resuming running or football activities. 


Significant hamstring strains may take up to 6 weeks to heal. 


Thigh/Quadriceps Contusion 


The most common soft tissue injury in football, resulting 
from blunt trauma. 


Treatment focuses on limitation of hemorrhage and inflam- 
mation while maintaining range of motion and strength. 
Ice and NSAIDs are appropriate initial interventions. Some 
practitioners advocate immobilizing the knee in 120 degrees 
of flexion to limit hemorrhage and hematoma formation. 


Massage and ultrasound should be avoided early in the treat- 
ment course to allow for early stabilization of the damaged 
muscle and to minimize the risk of developing myositis ossi- 
ficans. This complication is characterized by calcific changes 
in areas of damaged muscle and occurs in up to 20% of cases 
if treated inadequately. 


Athletes may return to play when they have full range of mo- 
tion and strength equivalent to that of the uninjured leg. 


Turf Toe 


A sprain of the plantar—capsular ligament complex with as- 
sociated articular cartilage damage to the metatarsal heads or 
base of the proximal phalanx. 


The first metatarsophalangeal (MTP) joint is the primary 
area of injury, typically resulting from forced dorsiflexion of 
the planted toe on the turf. Athletes experience significant 
pain, have local swelling, and often limp. 

Artificial turf surfaces and lighter, more flexible shoes have 
been implicated in a rising incidence of turf toe injuries. 
Management centers on protection of the area with a rigid in- 
sert in the shoe to protect against dorsiflexion, donut padding, 
taping, ice, and NSAIDs. Activity status is as dictated by pain. 


Hip Pointer 


Contusion or separation of attached muscle fibers at the 
superior aspect of the iliac crest as a result of blunt trau- 
ma, generally resulting in a significant degree of pain and 
dysfunction. 
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X-rays are generally unnecessary at the time of diagnosis but 
should be strongly considered for symptoms that are pro- 
longed or increasing. 

Management includes aggressive icing, stretching of the low 
back and flank muscles, and additional protective padding at 
the time of return to play. 

Local modalities such as ultrasound, corticosteroid injec- 
tions, or platelet-rich plasma injections may speed the heal- 
ing response as well. 


Upper Extremity Injuries 


Glenohumeral Instability 


Glenohumeral instability is a common shoulder malady in 
football athletes occurring when the glenohumeral joint is 
partially or completely destabilized as a result of repetitive 
blows to the shoulder or the unique acute loading that may 
arise with blocking and tackling. 


Frank dislocations occur anteriorly in 95% of cases and re- 
sult from excessive abduction, extension, and external rota- 
tional forces. 


Physical examination classically reveals apprehension when 
the humeral head is moved anteriorly or posteriorly in the 
glenoid. 

Instability events should prompt an early x-ray evaluation to 
assess for bony injury to the glenoid labrum (Bankart lesion) 
or impaction injury to the humeral head from sliding across 
the glenoid (Hills-Sachs lesion). 


Single or recurrent instability episodes may predispose to 
labral cartilage tears. These typically arise in the Superior 
portion of the Labrum and extend Anterior to Posterior. 
This common pattern gives rise to the term “SLAP” tear. 


Although surgery to correct shoulder instability is a frequent 
consideration because the recurrence rate for subluxations or 
dislocations is 50%, aggressive rotator cuff strengthening cou- 
pled with functional bracing may provide excellent results. 


Open stabilization surgery, rather than arthroscopy, is a 
more predictable means of restoring shoulder stability with 
excellent maintenance of range of motion and postoperative 
stability (14). 

SLAP tears in association with mild instability may be ad- 
dressed arthroscopically without performing a stabilization 
procedure. 

Offensive linemen may also develop posterior instability 
from blocking with outstretched arms and repetitively load- 
ing the posterior capsule of the glenohumeral joint. Except 
in extreme cases, aggressive rehabilitation and modification 
of weightlifting techniques are generally adequate for man- 
agement. 


Acromioclavicular Sprain 


This common shoulder injury, also referred to as a “separated 
shoulder,” is a sprain of the supporting ligaments of the 
acromioclavicular (AC) joint. 
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E The typical mechanism of injury is either striking another 
player with the point of the shoulder or landing directly on 
the point of the shoulder, often when being tackled. 


E Initial presentation reveals exquisite point tenderness over 
the AC joint. A bony “step-off” with inferior displacement of 
the acromion relative to the clavicle may be appreciated. 

E X-rays are indicated to evaluate for concomitant clavicle 
fracture and to assess the degree of AC separation. Weighting 
of the injured arm may help to determine if there is widening 
of the AC joint with downward distraction. 

E Management focuses on control of inflammation and pain, 
protection of the AC joint via padding, early restoration of 
active shoulder range of motion, and preservation of shoul- 
der strength. 

E Even high-grade AC sprains generally do not require surgery, 
and most heal completely in 6 weeks. Elite athletes may opt 
for surgical stabilization to speed their return to play. 


Mallet Finger 

E Force applied to the distal interphalangeal (DIP) joint of the 
finger may result in a flexion injury, which either results in 
injury to the extensor tendon or in a fracture at its attach- 
ment point on the dorsal aspect of the distal phalanx. 

E Mallet finger classically presents as an “extension lag” of the 
DIP with drooping and an inability to fully actively extend 
the DIP joint. 

E X-rays may reveal a fracture of the dorsal base of the distal pha- 
lanx on lateral view or may be normal with a pure tendon injury. 

E Standard management is to splint the DIP joint in mild 
hyperextension continuously for 6 weeks using a Stax splint 
or equivalent. 


E Ifrecognized and managed early, surgery is often unnecessary. 


Jersey Finger 

E Forced extension of the actively flexed finger, as in attempt- 
ing to grasp an opponent for a tackle, may result in avulsion 
of the flexor digitorum profundus from its insertion on the 
volar side of the distal phalanx. 

E The ring finger is most commonly involved, followed by the 
middle finger. 

Æ The athlete will feel a pop, and the retracted tendon may be 
palpable proximally in the finger. Examination will demon- 
strate loss of independent flexion of the DIP joint. 

E Early surgical repair is the treatment of choice. 





SPINAL AND NEUROLOGIC INJURIES 


Cervical Spine Injury 


Mechanism 

E Historically, head trauma had been the most common source 
of morbidity and mortality in football, most commonly from 
subdural hematomas. Better helmet construction decreased 


such head injuries but fostered technique changes in play 
that favored leading with the head and neck for tackling and 
blocking, so-called “spearing.” This dangerous technique 
led to a marked increase in cervical spine injuries until rule 
changes were instituted to outlaw spearing in football. 


A review of 1,300 cervical spine injuries from the National 
Football Head and Neck Injury Registry has documented 
axial loading of the cervical spine as the major mechanism of 
catastrophic cervical spine injuries (22). 


The normal cervical spine is comprised of an arc of vertebral 
bodies that is able to withstand substantial loading by dissipa- 
ting forces evenly across each vertebral level. However, when 
the neck is flexed forward 30 degrees, it becomes a straight 
segmented column of bones that cannot dissipate force even- 
ly. Axial loading of the neck in this flexed position may then 
result in excessive forces on the vertebral bodies, leading to 
bony failure, fracture, and cervical spinal cord injury. 


Cervical Cord Neurapraxia 


Transient, reversible deformation of the spinal cord resulting 
from significant trauma to the neck. 


The etiology of transient quadriplegia. 


Athletes may experience transient bilateral (differentiating 
this entity from a brachial plexus neurapraxia—see next 
section) sensory changes, frank sensation loss, and variable 
motor changes including complete paralysis. 


Episodes typically last less than 15 minutes but may persist 
up to 2 days. 


A ratio of spinal canal to vertebral body widths (as deter- 
mined by lateral radiographs of the cervical spine) of < 0.8 
has been found reliably in athletes suffering cervical cord 
neurapraxia (15). Although this measure has a high sensi- 
tivity for cervical cord neurapraxia, it has a low specificity 
and low positive predictive value and should not be used as a 
screening tool. In addition, caution must also be used in the 
interpretation of this ratio in football players because their 
large vertebral bodies may falsely decrease the ratio in the 
absence of true cervical spinal stenosis. 


The average rate of recurrence for players who returned to 
football was 56% (19). 


Management of the football player with known cervical 
spinal stenosis remains controversial because leading au- 
thorities in this area have expressed differing opinions with 
respect to return-to-play criteria. Some authorities have sug- 
gested that cervical spinal stenosis is an absolute contrain- 
dication to return to contact sport. This belief is based on a 
known predisposition to spinal cord injury in these patients 
and a higher incidence of permanent neurologic sequelae in 
this group as compared to those with normal spinal canal 
volumes (2,3). 


Others contend that, despite its association with transient 
quadriplegia, cervical spinal stenosis is not reliably associated 
with catastrophic spinal cord injury and does not mandate 
exclusion from participation in all cases (20). The following 


guidelines have been proposed for participation in this group 

of athletes: 

E Canal to vertebral body ratio of 0.8 or less in asymptom- 
atic individuals—no contraindication 


E Ratio of 0.8 or less with one episode of cervical cord 
neurapraxia—relative contraindication 


E Documented episodes of cervical cord neurapraxia asso- 
ciated with intervertebral disc disease and/or degenerative 
changes—relative contraindication 


E Documented episode of cervical cord neurapraxia associ- 
ated with MRI evidence of cord defect or cord edema— 
relative/absolute contraindication 


E Documented episode of cervical cord neurapraxia asso- 
ciated with ligamentous instability, symptoms of neuro- 
logic findings lasting more than 36 hours, and/or multiple 
episodes—absolute contraindication 


Brachial Plexus Neurapraxia 


E Commonly referred to as a “stinger” or “burner,” brachial 
plexus neurapraxia results from traction or compression of 
the brachial plexus with violent lateral flexion of the neck. 


E The most common nerve injury in football, with defensive 
players most commonly affected. 


E Athletes note unilateral burning or stinging pain, numbness, 
or tingling radiating from the supraclavicular area down to 
the fingers, most commonly in a C5 or C6 distribution. There 
may be weakness, most commonly of the deltoid, but no neck 
pain. Symptoms typically resolve in minutes. Symptoms that 
persist suggest more substantial injury to the brachial plexus, 
including cervical root avulsion, and mandate imaging and 
appropriate neurologic consultation. 


E Athletes may resume competition when they demonstrate 
full range of motion, full strength, and a normal neurologic 
examination of the upper extremity. 


H Prospective analysis of college football players revealed 
that a favorable overall spinal canal to vertebral body ratio 
(> 0.9) is associated with a low initial incidence of brachial 
plexus injury (4). Players with multiple such injuries had sig- 
nificantly smaller ratios than those suffering only one event 
(0.75 vs. 0.87, respectively). 


Spear Tackler’s Spine 

E Characterized by developmental narrowing of the cervical 
canal (a canal to vertebral body ratio of < 0.8), straightening 
or reversal of the normal cervical lordosis, and posttraumatic 
radiographic abnormalities. 


E These individuals are at such great risk for permanent spinal 
cord injury that they should be precluded from participation 
in tackle football (21). 


Management of the Potential Cervical Spine Injury 


E All unconscious athletes and any conscious athlete com- 
plaining of neck pain must have the cervical spine im- 
mobilized prior to removal from the playing field. This is 
accomplished by coordinated sports medicine care with a 
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lead care provider at the head and neck to provide traction 
and stability, particularly if the athlete must be rolled onto 
their back prior to receiving additional care. 

The helmet should never be removed on the field because the 
presence of shoulder pads will favor passive hyperextension 
of the cervical spine and may contribute to further cervical 
spine or spinal cord injury. The face mask should be removed 
to allow control of the athlete’s airway. Only in an appropri- 
ate acute care setting should the helmet and shoulder pads be 
removed. 


Evaluation includes cervical spine x-rays in several planes 
and may require computed tomography (CT) scanning to 
rule out fracture in equivocal cases. Football padding has 
been shown to compromise proper cervical imaging in the 
hospital setting (6). Consequently, efforts may be undertak- 
en, once in a controlled setting, to remove the helmet and 
shoulder pads so as not to compromise the quality of cross- 
table lateral and odontoid view cervical spine x-rays. 

Every potential cervical spine injury must be treated with the 
same conservative approach and proper technique to pre- 
vent unnecessary neurologic compromise. 


Lumbar Spine Injury 


Spondylolysis 


Stress injury to the pars interarticularis in the posterior 
aspect of the spine as a result of repetitive extension load- 
ing. Offensive and defensive linemen are most commonly 
affected. 

Athletes complain of deep pain in the low back, which is ex- 
acerbated by active or passive extension, particularly when 
standing on one leg. X-rays may reveal a fracture in the pars 
interarticularis on oblique views, although bone scan or MRI 
is often required to make the diagnosis definitively. 

Most athletes respond well to conservative management 
including rest and rehabilitative activities. Thoracolumbar 
bracing may be used for additional spinal stability but is of- 
ten unnecessary. 

Most athletes may return in 6-8 weeks if asymptomatic. 


Spondylolisthesis 


Displacement (“slippage”) of one vertebral body over an- 
other as a result of a stress injury to the pars interarticularis 
(spondylolysis). 

Approximately 1% of both professional and collegiate foot- 
ball players have a spondylolisthesis (17). 

The presence of a spondylolisthesis is not a contraindication 
to playing football but may predispose to pain and associated 
dysfunction and may also lead to further worsening of the 
anatomic changes in the spine over time. 


Pathologic forces on both lumbar discs and pars interar- 
ticularis have been demonstrated in blocking linemen (8). 
The mechanics of repetitive blocking, most notably loaded 
extension of the lumbar spine, may be responsible for the 
increased incidence of such injuries in football linemen. 
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Concussion 

General 

E Concussion is defined as a complex pathophysiological pro- 


cess affecting the brain, induced by traumatic biomechanical 
forces. 


Concussion is estimated to occur at a rate of at least 250,000 
events per year in football players. Concussion incidence 
has been found to be highest at the high school (5.6%) and 
Division HI collegiate levels (5.5%) (10), suggesting an as- 
sociation between level of play and risk of injury. 

E Mechanisms of injury include a direct blow to the head 
by an opposing player, whip-like motion of the head and 
neck in response to a blow delivered to another part of 
the body, or a blow to the head from hitting the ground. 
Brain shearing and acceleration/deceleration forces result 
in a cascade of neurochemical changes including local 
glucose depletion, edema, and local vascular effects. 


4 Many athletes either do not realize they have suffered a 
concussion or fail to report it to their sports medicine 
staff. 

Tight ends and defensive linemen are most commonly 
affected (7). 

The majority of concussed football players suffer recurrent 
concussive injuries, which may place them at risk for long- 
term neurologic complications. 


Evaluation 


Concussed athletes are dazed and disoriented and may have 
loss or alteration in consciousness. These manifestations 
may be mild and transient or prolonged and profound. They 
may complain of dizziness, headache, vision disturbance, 
and nausea, and they often display changes in personality 
and behavioral patterns. 


Physical examination is generally within normal limits. 
In addition to an abbreviated neurologic examination to 
rule out gross neurologic dysfunction (cranial nerve assess- 
ment and gross motor, sensory, and cerebellar testing), side- 
line neuropsychological tests should be performed to screen 
for impairment in general orientation (person, place, time 
of day, and situation — game, game location, quarter, score, 
and opponent), short- and long-term memory/recall, and 
complex processing tasks such as reciting the months of the 
year in reverse order. Athletes should always be assessed for 
the presence of antegrade (since the time of injury) or ret- 
rograde (prior to the injury) amnesia. Antegrade amnesia is 
generally considered to be a more worrisome finding. 
Commonly applied sideline tools to assess these parameters 
include the Standardized Assessment of Concussion (SAC) 
and the Sport Concussion Assessment Tool 2 (SCAT-2). 


There is no consistent correlation between the degree of im- 
pairment in neuropsychological testing and the anticipated 
time to return to play from a concussive injury. For example, 
loss of consciousness had previously dictated a lengthy period 
of disqualification. It is now generally accepted that brief loss of 


consciousness (< 15 seconds) does not necessarily indicate a 
concussion of greater severity. Previously published concussion 
guidelines and grading systems (e.g., Cantu, Colorado Medical 
Society, American Academy of Neurology) are no longer used. 
Emphasis should be placed on the description of the concus- 
sion’s characteristics (presence and duration of antegrade or 
retrograde amnesia, headache, vomiting, vision change, persist- 
ing confusion or disorientation, sleep disturbance) as opposed 
to a specific grade, which had previously dictated a rigid course 
of management. Concussions are sufficiently heterogeneous 
that they require flexibility in their diagnosis and management, 
particularly with respect to contact sports such as football. 


Brain imaging via CT scan or MRI is generally unnecessary 
in the evaluation of an uncomplicated concussion. Clini- 
cal factors that warrant urgent imaging, typically via CT 
scanning, include initial prolonged (> 15 seconds) loss of 
consciousness, progressive decline in level of consciousness, 
worsening headache, development of a frank neurologic 
deficit, or refractory nausea and vomiting. In these circum- 
stances, imaging should be used to assess for epidural or sub- 
dural hematomas and skull fractures. 


Management 


As outlined in recently updated consensus statements (13), 
return to play from concussion should follow a consistent 
algorithm. 


It is now standard of care to remove any football player with 
a concussion from participation for the remainder of the 
game or practice. No concussed player should return to play on 
the day of injury regardless of circumstances. 

Complete absence of symptoms both at rest and with exer- 
tion, normal neurologic examination, and return to baseline 
neurocognitive and emotional states are the key features to 
the determination of suitability to return to play. 


Using these guidelines in a stepwise fashion ensures that the 
concussed football player has adequate time to heal from the 
event prior to resuming contact activities. 


Once asymptomatic at rest, the athlete must then demon- 
strate a return to normal baseline of their neurocognitive 
status. This is ideally shown by comparative testing with 
baseline data obtained prior to the concussion, generally be- 
fore preseason workouts begin. 

Balance testing has also been shown to aid in the evaluation 
and management of concussion (9). This testing modality is 
again most powerful when compared to a preinjury baseline. 
Once symptom and neurocognitive criteria are satisfied, the 
athlete is allowed to advance noncontact activity in a step- 
wise fashion over several days. If the athlete remains asymp- 
tomatic with increasing activity, the athlete is then released 
to resume full football activities. 


Complications 


The most feared complication of concussion is the “second- 
impact syndrome,” a generally fatal cascade of cerebral hem- 
orrhage and edema resulting from a second concussive blow 


following incomplete resolution of a first concussive event. 
Although exceedingly rare, the potential for second-impact 
syndrome absolutely dictates disqualification from football 
until the concussed athlete has completely recovered from 
their initial injury. 

Neuropsychological testing has demonstrated the presence 
of lower cognitive function in collegiate football players 
with a history of multiple concussions (5), and it has been 
shown that prior National Football League (NFL) players 
have a higher rate of cognitive dysfunction than the general 
population. 

Repeated head trauma from sport has increasingly been asso- 
ciated with chronic traumatic encephalopathy (CTE), which 
is manifest by progressive pathologic changes including de- 
position of tau protein within the brain and a clinical presen- 
tation consistent with dementia. 


Studies have linked the presence of apolipoprotein E (apoE4) 
genotype and risk for cognitive impairment with head injury 
(12). The resultant cognitive status of such athletes with re- 
peated head trauma appears to be influenced by this genetic 
predisposition as well as age and cumulative exposure to 
contact. 

Although its utilization as a screening tool is still under study, 
apoE4 and similar genetic markers may become a practical 
means of determining an athlete’s relative risk for permanent 
neurocognitive loss in association with head injury in sport. 


Headache 


Football-related headache is common, with 85% of sampled 
high school and college football players reporting a history 
of headache as a result of hitting (16). 


Defensive backs (25%), defensive linemen (19%), and offen- 
sive linemen (18%) were most likely to have headache re- 
lated to hitting. Given the high rate of headache and the low 
rate of serious complications (cerebral hemorrhage, second- 
impact syndrome), the presence of headache, unless persis- 
tent or accompanied by other symptoms, does not mandate 
disqualification from competition. 


Heat Illness 


Heat-related illness in football is common as a result of 
practice and play in warm weather months coupled with im- 
paired heat dissipation from extensive body coverage with 
heavy padding and helmets. 


Heat illness may manifest as a broad spectrum of conditions 
including heat cramps, heat syncope, heat exhaustion, and 
potentially lethal heat stroke. 


Heat cramps, syncope, and exhaustion are characterized by 
heat-associated physiologic changes that do not result in 
significant elevations in core body temperature or in cen- 
tral nervous system dysfunction. Heat cramps and syncope 
may be treated safely with aggressive oral hydration, external 
cooling measures, electrolyte supplementation, and rest. 
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E Heat exhaustion is heralded by complaints of dizziness, 


headache, nausea and vomiting, and generalized weakness 
and malaise. Core body temperature (measured rectally) 
is below 104°F, and athletes generally continue to sweat to 
dissipate heat. Management includes removal from par- 
ticipation, removal of helmet and padding, external cooling 
measures (cool water immersion, fanning), and intravenous 
fluids. Resolution of associated symptoms, normal hydration 
status, and restoration of baseline body weight are necessary 
prior to resumption of physical activity. 

Heat stroke is defined as core body temperature in excess 
of 104°F coupled with central nervous system dysfunc- 
tion characterized by disorientation, confusion, personality 
change, and even coma. Although the pathophysiology of 
classic heat stroke includes absence of sweating, athletes with 
exertional heat stroke may sweat profusely, an important fact 
to be remembered by care providers. 

Heat stroke is a medical emergency requiring immediate 
cooling measures such as ice bath immersion and imme- 
diate activation of the emergency medical system for rapid 
transport to a hospital setting where additional aggressive 
cooling measures may be employed. Consequences of heat 
stroke may include irreversible brain damage, renal failure, 
rhabdomyolysis, and death. 

Stimulant supplements and “energy drinks” containing 
stimulants have been implicated in precipitating heat stroke 
and death in highly competitive athletes. Their detrimental 
effects are the result of sympathomimetic activity and resul- 
tant vasoconstriction during activities that require vasodila- 
tion for appropriate heat dissipation. 

Football players must have free access to water. Thirst is a poor 
measure of hydration status, so athletes must consume fluids 
regularly during activity regardless of their sense of need to 
drink. 

The general hydration goal is for fluid consumption suffi- 
cient to prevent decreases in total body weight (BW) of 2% 
or more (1). 

Before exercise, players should consume 5-7 mL/kg BW at 
least 4 hours prior to exercise. Consumption of beverages 
with sodium (20-50 mEq/L) and/or small amounts of salted 
snacks or sodium-containing foods at meals will help to 
stimulate thirst and retain the consumed fluids (18). 

During exercise, the goal is to prevent excessive dehydration 
(> 2% BW loss from water deficit) and excessive changes 
in electrolyte balance that may compromise exercise perfor- 
mance. It is recommended that individuals monitor their 
body weight changes during training/competition to esti- 
mate their sweat losses during particular exercise tasks and 
weather conditions. Use of preexercise and postexercise body 
weights is useful for determining sweat rates and custom- 
ized fluid replacement programs. Differences in metabolic 
requirements, exercise duration, clothing, equipment, and 
weather all influence sweat rate and fluid loss. 

American football players wearing full equipment in hot 
weather may have sweat losses > 8 L/day. 
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E After exercise, the consumption of normal meals and snacks 
with sufficient volume of plain water will restore euhy- 
dration, provided the food contains sufficient sodium to 
replace sweat losses (11). More rapid restoration may be 
accomplished with consumption of 1.5 L of fluid per kilo- 
gram of BW lost (18). 

E Diet can be used to ensure adequate salt and electrolyte re- 
placement, which will aid in overall water balance. 

EŒ Weights should be monitored to screen for subclinical dehydra- 
tion, and participation should be precluded for athletes who are 
greater than 1%-—2% below their preexercise baseline weight. 

E Appropriate guidelines for practice duration and attire 
should be based on wet bulb globe temperature (WBGT), 
which accounts for the heating effects of temperature, 
humidity, and intensity of sunlight exposure. 





SUDDEN DEATH 





E Sudden death in football players is a rare but devastating 
occurrence. 


E The primary causes of nontraumatic death in athletes in- 
clude hypertrophic cardiomyopathy, malignant cardiac ar- 
rhythmias, heat stroke, asthma, and complications of sickle 
cell disease. 


E Screening measures should focus on the identification of 
such potential conditions or a familial predisposition to 
them, accepting that such screening methods at present are 
limited in their yield. 

E The presence of an automated external defibrillator (AED) 
and appropriate training for its use by the sports medicine 
staff may be crucial in enhancing survival for athletes with 
cardiac etiologies of sudden death. 


E AEDs and trained staff to use them should be present at all 
football practices and games whenever logistically feasible. 
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BACKGROUND EPIDEMIOLOGY 

E Golf was invented in the 12th century in Northern Europe (16). Œ Annual injury rate is around 40% (2). 

E The first golf course was built in the United States in 1888 (4). E Injuries are different for professional and amateur golfers. 
At the beginning of the 21st century, aaa million golfers ™ Amateur golfers most often injure the lower back and el- 
played on 15,000 golf courses in the United States. In total, bow with conflicting evidence on the most common site 
55 million golfers play on 30,000 golf courses worldwide (1,3). (15,21,23). 

m The National Sporting Goods Association estimates that W In amateurs, 25% of injuries are from overuse, 21% are from 
18-20 million Americans play golf at least two times per year. hitting the ground with the club during the swing, and 19% 

E As a sport, golf is classified as a noncontact, low-intensity are from poor swing mechanics (13). 
sper therefore, only moderate cardiovascular fitness is Æ Professional golfers most frequently injure the lower back, 
required, followed by nondominant wrist and shoulder injuries. Pro- 

HM Most injuries result from the golf swing, the equipment, or fessional golfers report fewer elbow injuries than their ama- 
objects, including the ball, on the course. teur counterparts (15,21). 

E Eighty percent of professional injuries occurred secondary to 
overuse, 12% occurred from hitting the ground during the 

THE GOLF SWING swing, and 5% occurred from twisting the trunk (excessive 

torque) during the swing (12). 

E For definition in this chapter, for the right-handed golfer, the Œ It is unclear whether stretching for increased flexibility pre- 
dominant side is the right or trailing side and the nondomi- vents golf injury (2). 
nant side is the left or leading side. The left-handed golfer E Golfers walk approximately 3 miles during 18 holes of golf (2). 
would reverse left and right in regard to dominance. 

E There are two types of swings in golf: “modern” (in common 
use since the 1960s) and “classic” (5). LOWER BACK INJURIES 

E The modern swing is comprised of multiple coordinated 
movements of different parts of the body: the hands, wrists, E The lower back is the most common injury in professional 
arms, trunk, and legs. and amateur golfers (23.7%—34.5% of all injuries) (15). 

m There are four phases: E The professional golfer has a more efficient and smoother 
E Backswing or take away: Rotation of the trunk, raising swing than amateur counterparts, but professional golfers 

the arms, and cocking the wrists while drawing the club still have the highest incidence of low back pain of all profes- 
head away from the ball. This is often called coiling. sional sports (21). 

E Downswing or forward swing: Movement of the club E The lumbar spine rotates, side bends, compresses, flexes, and 
head toward the ball using the shoulders and uncocking hyperextends during the golf swings. These movements re- 
of the wrists. Often called uncoiling. sult in lateral bending, shear, compression, and torque forces. 

E Acceleration and ball strike: The arms and trunk continue The shear and torque forces are 80% significantly higher in 
to rotate back toward the ball and the wrists are uncocked. the amateur compared to the professional golfer (4,21). 

The leading wrist also supinates while the trailing wrist E The modern swing ends the follow-through phase in the 


pronates. This is the fastest portion of the swing. 

E Follow through: Momentum of the swing continues with 
rotation of the shoulders and trunk while raising the 
arms (5). 


“reverse C” (lumbar hyperextension) (18). “Crunch factor” 
describes the lumbar lateral bending that takes place during 
the swing (5). Reverse C and crunch factor can be more pro- 
nounced in amateur golfers. Explanations for this difference 
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include inadequate weight transfer during the swing, a more 
varied stance, leaning away from the ball at impact and fol- 
low-through, and less hip turn than allowed in the classic 
swing (4,5,15,21). The professional’s swing is more smooth 
and refined from repetition, which results in coordinated 
muscle firing throughout the swing and a more upright 

stance at the end of follow-through (5,17). 

These forces put golfers at risk for muscle strains, herni- 

ated nucleus pulposus (HNP), facet arthropathies, and 

spondylosis/spondylolisthesis. 

E Lumbosacral strains typically occur during activity 
and are relieved with rest. There is tenderness over the 
affected soft tissue area and no radiologic abnormalities. 

E HNP and sciatica are almost always associated together. 
Ninety-five percent of all HNPs occur at L4—L5 or L5-S1, 
and these nerve roots provide sensory and motor func- 
tions to the lower extremity (4). 

E Facet arthropathies and spinal stenosis are related as a 
dysfunction that develops at the posterior facet joints 
producing a narrowing of the spinal foramen. The pain 
is often increased with extension and side bending to the 
affected side. 

E Spondylolysis (defect in pars interarticularis) can occur 
from the significant torque produced during the coiling 
and uncoiling of the lumbar spine. This torque causes 
fractures at the pars interarticularis. With a pars defect, 
especially bilateral, there is the potential for spondylo- 
listhesis (anterior displacement or sliding of the affected 
vertebrae) (18). This displacement can cause impinge- 
ment of the spinal nerve roots or cord. 

Additionally, golf bags are traditionally carried on one 

shoulder, leading to asymmetric loading (2). Newer bags 

have the ability for two-shoulder carry or use of a rolling pull 
cart. Additionally, most golf carts have an area for carry of 
golf bags. 

Most injuries can be managed conservatively because greater 

than 90% of patients recover in 4 weeks after injury (4); how- 

ever, some “red flags” should alert the clinician of underlying 
pathology: back pain in a patient over 50 or less than 20 years 
old; a history of cancer; constitutional symptoms of fever, 
night sweats, weight loss, and the like; bowel and/or bladder 
dysfunction; and saddle anesthesia. If any of these are posi- 
tive, a more complete workup with imaging studies would be 
indicated. If no red flags are present, the patient should be en- 
couraged to perform activities that their pain tolerance allows 

(active rest) and to use ice and acetaminophen and/or nonste- 

roidal anti-inflammatory drugs (NSAIDs) as required (5,18). 

Additionally, consider core-strengthening exercises (18) with 

or without formal physical therapy and have golf swing me- 

chanics reviewed on return to play. Care by a physician, thera- 
pist, and professional golf instructor at return to play has been 
shown to produce a 98% rate of no new golf injuries at 1 year 
upon return (18). Consideration of changing to a more classic 
swing may also remove some of the problematic forces that 
result from the modern swing (5). 


E Stress fractures of the ribs, attributed in literature to weak- 
ness of the serratus anterior, have been reported in golfers 
(18,21). 





SHOULDER INJURIES 





Œ Shoulder injuries account for 8%—-12% of golf injuries, with 
overuse injuries predominating (8,15). The nondominant 
shoulder is typically affected due to its range of motion dur- 
ing the swing. The nondominant shoulder goes through in- 
ternal rotation, adduction, abduction, and external rotation. 


E The acromioclavicular (AC) joint is the most often injured 
area followed by impingement and rotator cuff tendinopa- 
thy, posterior glenohumeral subluxation, rotator cuff tears, 
and glenohumeral arthritis (10,15). 

E The AC joint is compressed during the backswing on the 
nondominant side and may cause shoulder pain. This is es- 
pecially true in older golfers (21). 

E Treatment of the degenerative AC joint includes shortening 
the backswing and weight training with a focus on the ro- 
tator cuff muscles. Reviewing swing mechanics may also be 
beneficial (21). 

E The nondominant shoulder is more sensitive than the domi- 
nant shoulder to impingement and rotator cuff damage that 
will negatively affect the golf swing. The supraspinatus of 
the nondominant shoulder is more active than the domi- 
nant side during all phases of the swing except take away, 
where the dominant supraspinatus shows more activity. The 
nondominant subscapularis is active during all phases of the 
swing (21). 

E There is evidence that golfers with arthroplasty to either the 
dominant or nondominant shoulder or both shoulders can 
resume playing golf safely and with decreased pain (15). 

E Shoulder instability is a rare problem in golfers and is usually 
found in the younger golfer with generalized joint laxity (1). 





ELBOW INJURIES 





ŒE Amateur golfers are more likely to have elbow injuries com- 
pared to professionals. 

E The term “golfer’s elbow” refers to medial epicondylitis, usu- 
ally in the dominant hand, despite the fact that most ama- 
teur golfing elbow injuries occur in the lateral nondominant 
elbow (“tennis elbow”) (21). Eighty-five percent of all golf 
elbow injuries occur in the lateral aspect (15). 

E Medial epicondylitis, involving the epicondyle of the humer- 
us at the origin of the wrist and finger flexor muscles and 
pronator muscles, can occur for a variety of reasons, includ- 
ing striking the ground before the ball and hitting off of hard 
surfaces and practice mats (21). 


E Tennis elbow, involving the lateral epicondyle of humerus, 
wrist and finger extensor muscles, and supinator muscles, 


is associated with gripping the club too tightly (21) and 

forceful contraction of left elbow extensors during impact 

phase of swing (17). 

Reasons for injury include overuse, poor swing mechan- 
ics, and contact with objects other than the ball such as the 
ground and rocks (15). 

E Radiographs are often not needed, and diagnosis is made 
with history and examination (1). 

E Three common therapies for these elbow injuries are counter- 
force bracing, equipment modification, and physical therapy. 
E Counterforce bracing can help provide a reactive force 

against the contractile muscle and either spread the force 
over a wider area or decrease the contractile pull on the 
epicondyle (11,21). 

E Equipment changes such as graphite shafts can help to 
decrease the force applied to the forearm by decreasing 
the amount of vibration at impact. 

E Physical therapy can focus on forearm muscle strength, 
flexibility, and endurance (11). 

E Additional treatments include use of injected steroids, scle- 
rosing agents, or platelet-rich plasma, although the latter two 
are new treatments and not well studied. Surgery is generally 
reserved for symptoms lasting over 6 months and nonre- 
sponsive to other therapies (1). 


HAND AND WRIST INJURIES 





E Tendinopathies are the most common problems seen in the 
golfer’s wrist and are typically secondary to the repetitive 
movements generated during the golf swing and stress at 
impact. 

E Professional golfers tend to have more wrist injuries com- 
pared to their amateur counterparts. 

E The nondominant wrist is injured more frequently than the 
dominant wrist because of increased stress with more force- 
ful contact with the ground at impact (1,13). 

E de Quervain tenosynovitis involving the first dorsal com- 
partment is a common condition affecting golfers. Ulnar 
deviation of the leading wrist at ball impact and repeated 
impact between the club and the ground may trap the non- 
dominant thumb between the trailing hand and shaft thus 
stressing the tendons in the first dorsal compartment. Poor 
swing mechanics in a golfer may also lead to premature 
uncocking of the wrist at the beginning of the downswing 
rather than during acceleration and ball striking, resulting 
in ulnar deviation of the nondominant wrist too early in the 
swing (11). However, the nature of the swing places those 
even with good swing mechanics at risk for de Quervain 
tenosynovitis (1). 

E ‘Treatment of de Quervain tenosynovitis usually involves con- 
servative therapy including rest, analgesia, therapy, and consid- 
eration of immobilization. Injected corticosteroids and surgery 
are also options if conservative measures have failed (1). 
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Other tendon groups that may be injured by improper swing 
mechanics are the extensor carpi ulnaris of the nondomi- 
nant arm and flexor carpi radialis and ulnaris of the domi- 
nant arm (1,15). Amateurs are more likely to hit a “fat” shot, 
defined as the club head striking the ground too far behind 
the ball, specifically impacting these tendon groups (15). 
Hook of the hamate fractures, the most common fracture in 
golf, occur with impingement between the hand and the club 
handle (butt of the club), more common in the nondomi- 
nant hand (15). 

Accounting for only 2% of all wrist fractures, 33% of hamate 
fractures are found in golfers (1,11). 


The “carpal tunnel view” is the best x-ray view to visualize 
this fracture. If it is not visible on plain film, then comput- 
ed tomography (CT) scan is the image of choice (1,15,17). 
Preventive measures include proper club length with the butt 
of the club extending slightly beyond the palm of the leading 
hand rather than digging into the hypothenar eminence. 





HIP INJURIES 





There is minimal literature on hip injuries in golf. 

In one study of a survey design involving 703 professional 
and amateur golfers, hip injuries accounted for only 2.8% of 
all injuries reported. The study did not comment further on 
the nature of those injuries (6). 

Golf can be safely played following total hip arthroplasty (20). 





KNEE INJURIES 





Knee injuries make up only 6% of golf injuries. The domi- 
nant knee receives peak force during the back swing followed 
by transfer of force to the nondominant knee during the im- 
pact and follow-through (15). 

Given that many golfers are older, osteoarthritis of the knees 
needs to be taken into consideration with evaluation of knee 
pain (15). 

There is evidence that golf can safely be played with de- 
creased pain following knee arthroplasty (15). 

Other knee injuries, such as strains, can be caused by a com- 
bination of environmental factors, such as hilly terrain and 
wet grass causing a player to slip while walking. 





EYE AND HEAD INJURIES 





B® Golf accounts for only 1.5%—6% of sports-related eye inju- 


ries (7), making them relatively uncommon but potentially 
devastating when they do occur. 


E The usual mechanism of injury to the eye is a stray ball or the 


head of a club of another golfer during their swing (15). 
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E The word “fore” is typically yelled by golfers to alert to the 
potential that a ball is heading the way of another golfer. The 
typical response, which is to turn toward the person yelling 
“fore, is not recommended. Turning away and crouching 
down with the hands covering the face is recommended (15). 

E Pediatric eye and head golf-related injuries are typically club 
related, mostly secondary to unsupervised play (7,9). 





SKIN DISORDERS 





H Golf is a sport played in the outdoor setting with minimal 
sun protection available on the course. Golfers spend the 
majority of their time in sunny locations and often play in 
the middle of the day when the ultraviolet (UV) light is most 
damaging to the skin. Skin cancer is more likely to occur in 
individuals with fair skin, who sunburn easily, and who have 
increased exposure to UV light. Prevention recommenda- 
tions are that golfers protect their exposed skin with sun- 
screens and clothing that block these harmful rays. 





PSYCHOLOGICAL DISORDERS 





E The yips or “golfer’s cramps” are an involuntary motor dis- 
turbance that affects some golfers, especially during put- 
ting. This disorder is described as jerking, tremors, freezing 
of the hands, or spasm of the arms. It is believed that per- 
formance anxiety contributes to the cause of this disorder. 
No medications have been proven to be of benefit. One case 
report from 2010 of a golfer given a series of acupuncture 
treatments showed continued symptom relief from yips at 
24 months (19). 





GOLF CART INJURIES 





ŒE Golf carts for use in sport are unique to golf, although use 
of golf carts for nongolf purposes is increasing. In 2007 
alone, golf cart trauma led to 17,107 injuries (2). The most 
common location (45%) for golf cart—related injury to occur 
is the golf course (14). The lack of safety equipment on golf 
carts, such as seat belts and front brakes, along with newer 
models achieving greater speeds contribute to their potential 
for danger (22). 

E A study by Watson et al. (22) analyzing data from the 
National Electronic Injury Surveillance System revealed that 
in golf cart injuries the mean and median ages for injury 
were 33.6 and 28 years, respectively, although injuries to chil- 
dren < 16 years old involved 31.3% of cases. Falls from the 
carts were the most common mechanism of injury (38.3%), 
with soft tissue injury being the most common diagnosis 
(47.7%). Head injuries involving golf carts have also been 
reported (14,22). 





OTHER 





Golf is an outdoor sport; therefore, heat and cold injuries 
can and do occur on the course. 

Lightening results in an average of 30-500 deaths per year 
with more than 1,000 nonlethal injuries (2). 
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Gymnastics 


John P. DiFiori and Dennis J. Caine 





INTRODUCTION 





E Gymnastics is an extremely popular sport in the United States 
and worldwide. There are an estimated 90,000 competitive 
gymnasts and an additional three million recreational gym- 
nasts in the United States (78). Almost 1,500 athletes par- 
ticipate in National Collegiate Athletic Association (NCAA) 
gymnastics each year (60). 

E Gymnastics training begins at very young ages. The average 
age at onset is 5—6 years for girls and 6-7 years for boys (52). 
Most girls reach their highest competitive level by age 16 due 
to the biomechanical demands for a small, lean, prepubertal 
physique (3). Peak performance for males is often at a later 
age because of the requirements for greater levels of strength 
that occur after puberty. 

E Physicians caring for gymnasts must be familiar with the re- 
quirements of the sport, common and unique injuries, and 
potential methods to prevent such injuries. 





GYMNASTICS FACTS 





E Current-day gymnastics at the Olympic level includes men’s 
artistic gymnastics, women’s artistic gymnastics, rhythmic 
gymnastics, and trampoline gymnastics. The focus of this 
chapter will be artistic gymnastics. 

E Male and female gymnasts compete in different individual 
events. Male gymnasts compete in floor exercise, still rings, 
horizontal bar, parallel bars, pommel horse, and vault. Female 
gymnasts compete in floor exercise, uneven parallel bars, 
beam, and vault. Most gymnasts train for all of the events. 
Gymnasts acquire new skills for each event via repetition of 
individual elements and series (groups of elements). 

E The competitive levels in women’s gymnastics are levels 1-10 
and elite, with level 10 and elite being the most advanced. 
Collegiate gymnasts are typically the equivalent of level 9 or 
higher. Male gymnasts currently compete in classes 1-7; class 
1 is the most advanced. There are also over 150 elite male 
gymnasts in the United States (78). 

E The code of points dictates the degree of difficulty for each 
skill. There is a specific list of requirements for each level of 








competition. The code of points evolves with the sport and 
is revised every 4 years, essentially increasing the required 
levels of difficulty with each revision. 

The training regimen for gymnastics is rigorous. An ad- 
vanced or elite level gymnast practices an average of 
25-35 hours per week throughout the year. Even young, 
beginning level gymnasts may train 10 hours per week 
or more. 

Special equipment used by gymnasts includes grips with or 
without wooden dowels for the bars, beam shoes, and wrist 
supports. Gymnasts may also train using crash mats, foam 
pits, beam and bar pads, low balance beams, and twisting or 
spotting belts. 





INCIDENCE OF INJURY 





E During 1988-2004, gymnastics had the highest incidence 


rate of practice-related injury among all women’s intercol- 
legiate sports, followed by soccer. Women’s gymnastics had 
the second highest injury rate during competition, preceded 
by women’s soccer (31). 

The incidence of injury in women’s club gymnastics ranges 
from 0.5 to 5.4 injuries per 1,000 hours of participation, 
with practice and competition exposures combined (39,43). 
During 1988-2004, practice and competition injury rates 
for NCAA women gymnasts were 15.84 and 7.96 injuries 
per 1,000 athletic exposures, respectively (48). A more than 
twofold increased risk of injury in competition versus prac- 
tice has also been reported in girls’ club-level gymnastics (2). 
This finding may be explained by the fact that gymnasts are 
better protected in training because of landing in foam pits, 
spotting, and softer mats (71). 

There is a paucity of epidemiologic research on injuries af- 
fecting male gymnasts. Most of the club-level studies were 
carried out in the 1980s and 1990s and were reported with 
reference to participant seasons, which do not account for 
differences in exposure to injury risk (26). Available injury 
surveillance data for male collegiate gymnasts are also 
dated. During 1985-1994, NCAA male gymnasts incurred 
an overall injury rate of 5.33 injuries per 1,000 athletic 
exposures (57). 
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INJURY CHARACTERISTICS 





Injury Onset 


E High-level performance in artistic gymnastics requires long 
hours of training and the practice and performance of high- 
risk skills. As a result, it is not unexpected that both acute 
and overuse injuries will occur. Generally, studies involving 
male and/or female gymnasts and reporting on injury onset 
report a slightly greater proportion of acute versus overuse 
injuries (15). This likely reflects the different types of appa- 
ratus used in men’s gymnastics that place greater demands 
on the upper body (14). 


Anatomic Location 


E The lower extremity is the most frequently injured body 
region among female and male gymnasts, followed by the 
upper extremity and spine/trunk (15). However, Dixon and 
Fricker (22) examined injuries among top-level gymnasts 
over a 10-year period and found that the upper extremity 
was the site of a greater proportion of injuries for males 
(53.4% of injuries) than females (32.7% of injuries). 

E A more specific look at body regions reveals that injuries to 
the knee are most common among female gymnasts, followed 
by those to the ankle and lower back. Among male gymnasts, 
the shoulder and wrist are more commonly injured, likely re- 
flecting the different kinds of apparatus and related training 
in men’s gymnastics. However, male gymnasts also experi- 
ence a high rate of ankle and knee injuries (15). 


Injury Severity 


E Pain: Many gymnasts continue training with pain. Studies 
have found that as many as 71% of female gymnasts train 
with an injury (71). Wrist pain, for example, is a common 
complaint among gymnasts, with prevalence estimates rang- 
ing from 46% to 87.5% (11,19-21). Gymnastics may be 
unique in that the injured gymnast can alter his or her work- 
out depending on the injury; for example, a gymnast with an 
ankle injury can continue full training on the uneven bars, 
provided he or she avoids the dismount. 


E Time loss: Severity of injury has been assessed by calculat- 
ing the duration of restricted training. While most injuries 
are minor, resulting in less than a week away from train- 
ing, 12.5% (2) to 25.9% (5) result in a time loss of greater 
than 3 weeks. One study found that the average time until 
full participation resumed was almost 4.5 weeks per injury 
(43). Several studies involving female gymnasts have report- 
ed that mean time loss per injury was greater for advanced 
than for lower level gymnasts (2,38,40). Similarly, Caine (8) 
found that advanced level participants experience a greater 
proportion of severe injury (= 21 days of time lost) than 
beginning level gymnasts (37.5% vs. 10.2%). Among NCAA 
female gymnasts followed for 16 years, 39% of competition 


injuries and 32% of training injuries resulted in a time loss 
of 10 days (48). 

Catastrophic injury: Although direct catastrophic inju- 
ries are relatively rare in most sports, including gymnastics, 
the risk of these injuries appears to be greater in gymnas- 
tics than in other sports. Rates for nonfatal catastrophic in- 
juries (i.e., permanent severe functional disability such as 
quadriplegia) were highest for male and female gymnasts 
at both the high school and college levels during 1982-2007 
(56). Data on catastrophic injuries are unfortunately lacking 
for club-level gymnasts, where most competitive gymnasts 
participate. 

Nonparticipation: An important reason for participation in 
sports is of course the health benefits that can be accrued 
from physical activity. An important question and concern 
that arises, therefore, is how many athletes drop out of their 
sport due to injury. In their study of Australian elite gym- 
nasts over 10 years, Dixon and Fricker (22) reported that 
9.5% of gymnasts retired as a result of injury. Three studies 
reported that between 16.3% and 52.4% of club-level gym- 
nasts were injured at the time they withdrew (2,42). 


Residual effects: Despite the high incidence and severity of 
injury among gymnasts, very little research has examined the 
long-term effects of these injuries. One survey of former col- 
legiate gymnasts found that 45% of previous injuries were 
still symptomatic (79). Despite the large number of young 
gymnasts with back pain, a study comparing former elite 
gymnasts with age-matched controls concluded that fewer 
former gymnasts (27%) had subjective back problems than 
did the controls (38%) (77). The lack of follow-up research on 
the residual effects of gymnastics injuries is a concern given 
evidence of a link between youth sports injuries, particularly 
of the knee or ankle, and early-onset osteoarthritis (13). 





COMMON INJURIES IN GYMNASTICS 





Sprains are the most common types of injury in women’s 
gymnastics, followed by strains. Other types of injuries that 
are common include contusions, fractures, and inflammato- 
ry conditions (15). Common injuries are discussed in more 
detail below. 

Ankle ligament sprains: Typically caused by inversion in- 
juries, ankle ligament sprains are the most common acute 
injuries in gymnastics (5,22,43). They are usually the result 
of an incorrect landing or fall. One study found an alarming 
number of ankle injuries from gymnasts landing with their 
foot inside a crack in the floor or between mats (45). Evalua- 
tion and treatment of gymnasts’ ankle injuries are similar to 
those in other athletes (see Chapter 65). 


1. Once the gymnast has completed a functional rehabilita- 
tion program, he or she should initially attempt to return 
to sport with the use of an ankle brace or tape for support. 
However, many gymnasts do not tolerate long-term use of 


ankle braces since the brace may cause slipping from the 
apparatus, and it alters their form and appearance. Flesh- 
colored tape is typically the best-tolerated intervention. 

2. There is little information on the use of prophylactic 
bracing and taping in gymnasts. 


E Low back pain: Back pain caused by lumbar strain and 


sprain injuries is common in gymnasts. Gymnasts place de- 
mands on the lower back that are unparalleled in most other 
sports. Demands on the gymnast’s back include flexion and 
hyperextension postures during vaulting, dismounts, and 
somersaults. In addition to the hyperlordotic postures, verti- 
cal impact loading occurs as the gymnast lands on both feet 
during dismount activities. Low back pain should be man- 
aged as with other athletes (see Chapter 45). However, care 
should be taken to exclude spondylolysis as a cause of the 
symptoms (see below). Strengthening and core stability are 
especially important in gymnasts. 

Spondylolysis: Spondylolysis (or stress fracture of the pars 

interarticularis) is a common cause of lower back pain 

in young gymnasts, especially those between the ages of 9 

and 13. It occurs in gymnasts secondary to repetitive flex- 

ion and hyperextension of the spine: backbends, walkovers, 
tumbling, and high-impact landings (28). The prevalence of 
spondylolysis is higher in gymnasts (range, 5.9%-33.8%) 

than in the general population (5%-—6%) (15,25,33). 

1. Gymnasts with spondylolysis typically have unilateral 
back pain that localizes to the lumbar area. The pain 
increases with activity (especially hyperextension) and 
decreases with rest. Physical examination may find ten- 
derness to palpation at the lower lumbar spine. A single- 
leg standing hyperextension test (stork test) is sensitive 
and specific for spondylolysis (34). 

2. Diagnostic testing begins with plain radiographs, which 
may show the classic pars interarticularis fracture on the 
oblique view: the “collared Scottie dog.” Single photon 
emission computed tomography (SPECT) bone scans are 
highly sensitive for diagnosing active spondylolysis. The 
study should be performed to confirm the diagnosis of 
an active lesion because spondylolysis seen radiographi- 
cally may be asymptomatic (51). Thin-sliced computed 
tomography (CT) is more specific than bone scan and 
can also be used to confirm the diagnosis. CT is especially 
helpful in determining the healing potential of an active 
spondylolysis and is typically used in conjunction with 
SPECT once an active lesion has been identified. Mag- 
netic resonance imaging (MRI) with thin slices has been 
reported to be effective in visualizing the pars interar- 
ticularis (16). MRI is perhaps most helpful in identifying 
other causes of lower back pain when a SPECT scan is 
negative for active spondylolysis (51). 

3. Treatment initially involves modification of activity (no 
running, jumping, or gymnastics activities that cause 
pain) for at least 4-6 weeks (51,54). Physical therapy 
should target spine stabilization, abdominal muscle 
strengthening, and hamstring flexibility. The use of 


CHAPTER 94 Gymnastics 641 


bracing is controversial. Some recommend the use of 
bracing if a SPECT scan demonstrates an active lesion 
(51). A CT scan can also be used to help guide the deci- 
sion regarding bracing. If the CT demonstrates that an 
active lesion has healing potential, bracing may be the 
preferred initial intervention. Decisions regarding brac- 
ing should be made on an individual basis (54). The role 
of bone stimulators to potentially aid in healing of active 
lesions is not well defined (51). 


4. Return to sport depends on progress with activity modi- 
fication and physical therapy. Many gymnasts can return 
to an initially low level of participation after 4-6 weeks 
(51). Activity is then advanced as tolerated. Maintenance 
exercises should be continued for the remainder of the 
gymnast’s career. 


E Traumatic knee injuries: Knee injuries can be severe and 


disabling (50). The typical mechanism is a landing or fall 
while the gymnast is still completing a twisting rotation. An- 
terior cruciate ligament (ACL), medial collateral ligament 
(MCL), and meniscal injuries are the most common and 
may predispose the gymnast to early-onset osteoarthritis 
(13). Most gymnasts require surgical reconstruction of an 
ACL tear in order to continue gymnastics. In young athletes, 
this procedure may be delayed until after physeal closure. 
Whether early or delayed ACL reconstruction results in the 
best outcome in skeletally immature patients is not yet clear 
(55). Gymnasts do not tolerate large knee braces because 
bulky braces impair the gymnasts’ form and appearance. See 
Chapters 60 and 61 for further description of the evaluation 
and treatment of acute knee injuries. 


Overuse injuries of the knee: These injuries result from 
the repetitive running, jumping, and landing required in 
gymnastics. Common diagnoses include Osgood-Schlatter 
disease, patellofemoral pain syndrome, and patellar tendi- 
nopathy. The differential diagnosis for knee pain may also 
include stress-related injury to the distal femoral and/or 
proximal tibial epiphyseal plate (12). Treatment involves 
relative rest and physical therapy, including strengthening 
exercises (see Chapters 62 and 63). 


Sever’s injury: This was the most common overuse injury 
in one survey (45). It typically occurs between ages 7 and 
14. The main finding on examination is tenderness at the 
insertion of the Achilles tendon onto the calcaneus. How- 
ever, many patients have tenderness of the medial or lateral 
aspect of the calcaneal body. Traditionally considered a trac- 
tion apophysitis, newer evidence has indicated that Sever’s 
injury may actually result from repetitive compression to 
the actively remodeling metaphysis (61). Sever’s injury is a 
self-limited condition. Treatment includes relative rest, ice, 
heel lifts used on a short-term basis, stretching, and strength- 
ening exercises (27). 

Dorsal wrist pain: Chronic wrist pain affects 46%—-87% of 
young gymnasts (11,21). Cross-sectional surveys indicate 
that approximately 45% of gymnasts report pain of at least 
6 months in duration (19,21). Painful dorsiflexion while 
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supporting body weight and dorsal wrist pain, without 

acute trauma or swelling, characterize gymnast’s wrist (50). 

Factors associated with wrist pain include training hours, 

skill level, and age at initiation of training (21). It appears 

to be more common during the adolescent growth spurt. 

Dorsal wrist pain can be associated with radiographic find- 

ings of distal radial physeal injury (19). Cases of stress-re- 

lated premature closure of the distal radial physis have been 
reported (1,6,7,12). 

1. The mainstay of treatment is reduction of loading to the 
wrist. Strengthening of the wrist and upper extremity 
may be helpful. Use of a brace with a hyperextension 
block may decrease symptoms (62). Premature closure of 
the distal radial growth plate may result in symptomatic 
positive ulnar variance (2,20,21). 

2. In skeletally mature gymnasts, if ulnar-sided wrist pain 
develops as a result of positive ulnar variance, an ul- 
nar shortening procedure may be required to treat this 
condition. 

E Elbow dislocations: Elbow dislocations in gymnasts are typ- 
ically the result of a fall on outstretched hand (FOOSH) in- 
jury (62). As a result, gymnasts are taught not to reach down 
with their hands when they fall. Elbow joint dislocations re- 
quire a thorough neurovascular examination, x-rays, and, in 
most cases, closed reduction (see Chapter 52). 





INJURIES UNIQUE TO GYMNASTICS 





E Clavicular stress fractures: Clavicular stress fractures are 
rare but have been described in gymnasts, presumably be- 
cause of the repetitive forces to which the upper extremity 
is exposed in activities such as tumbling and vaulting. The 
injury can be diagnosed with plain radiographs, CT, or MRI. 
An MRI is also useful to rule out pathologic causes, such as a 
tumor. Treatment is conservative. In one report, full training 
was resumed after 8 weeks of upper extremity rest (24). 

ŒE Osteochondritis dissecans of the capitellum: This is be- 
lieved to be underrecognized in gymnasts (62). Although 
there were several case series of this condition affecting fe- 
male and male gymnasts reported in the 1980s and 1990s 
(32,46,73), there has been no follow-up to determine the 
prevalence or incidence of osteochondritis dissecans of the 
capitellum in this population. It occurs in young gymnasts 
with open growth plates, typically aged 10-15, from repeated 
valgus stress to the elbow. Symptoms include the gradual on- 
set of lateral elbow pain that worsens with activity, inability 
to fully extend the elbow, and possibly locking or clicking. 
Management depends on the severity of symptoms and im- 
aging results (see Chapter 53). 

E Forearm fracture: Griplock is an entity unique to gymnas- 
tics. Gymnasts wear leather handgrips for bar and ring work. 
With griplock, the grip accidentally catches on the bar, and 
while the athlete’s momentum carries him or her around the 


bar, the hand and forearm are kept in a locked position. The 
result is a serious forearm fracture that may require surgery 
(69). Griplock is more common in male gymnasts, who use 
a bar with a smaller circumference, and in gymnasts whose 
grips are overused and stretched out. 

Hand blisters/rips: Gymnasts frequently train with blisters 
or rips on their hands caused by the friction created between 
skin and bars. These are difficult to treat and prevent, be- 
cause usual treatments such as tape or moleskin will not ad- 
here to the hands while practicing. The friction of the bars 
will usually cause the blister to pop as soon as it arises. These 
areas should be kept clean to avoid infection. Once an open 
lesion has dried, the application of a topical antibiotic oint- 
ment can be used at night in order to prevent both infection 
and painful cracking of the lesion. 

Abdominal wall contusion: Female gymnasts may develop 
severe bruising around the lower abdomen and anterior su- 
perior iliac spine by doing a beat maneuver on the uneven 
bars. Gymnasts at the lower competitive levels typically per- 
form this skill, which involves hanging from the high bar 
and dropping the anterior pelvis and hips onto the low bar. 
Use of padding may prevent repetitive injury (53). Although 
painful, the prognosis of this injury is good. Ice and avoid- 
ance are generally required for treatment. 

Vulvar hematomas: Vulvar hematomas result from a strad- 
dle injury on the balance beam. On most occasions, these 
falls do not result in significant injury. When a vulvar he- 
matoma develops, incision and drainage can be performed 
if the hematoma is very large or is expanding (66). In minor 
cases, ice and relative rest are recommended. 

Heel pad contusions: Heel pad contusions develop after 
trauma to the fat pad, usually from a hard landing onto the 
beam or unpadded floor. If symptoms continue to worsen, 
radiographs and/or MRI should be performed to rule out 
an occult fracture or a calcaneal stress fracture. Manage- 
ment of heel pad contusions is conservative: ice, rest, anti- 
inflammatory medications, and a heel cushion. 





RISK FACTORS FOR INJURY 





Factors that may contribute to the occurrence of gymnas- 
tics injury may be classified as either intrinsic or extrinsic. 
Intrinsic risk factors are individual anatomic and psychoso- 
cial characteristics predisposing a gymnast to the outcome of 
injury. Extrinsic risk factors are factors that have an impact 
on the gymnast while he or she is participating, for example 
training methods or equipment. 


Intrinsic Risk Factors 


Adolescent growth spurt: Two studies indicate an increased 


risk of gymnastics injury during age or maturity periods 
associated with rapid growth (5,19). However, the findings 


of these studies await confirmation from a comparison of 
growth velocity with individual injury rates. The rapid 
change in height alters the moment of inertia for certain 
skills, requiring gymnasts to make gradual changes in tech- 
nique. Growth-related changes affecting the articular carti- 
lage and physes may also contribute. 

Age: Singh et al. (74) reported that upper extremity injuries 
were more common in the 6- to 11-year age group (relative 
risk [RR], 1.46; 95% confidence interval [CI], 1.37—1.56) 
than in the 12- to 17-year age group and that lower extremity 
injuries were more common in the 12- to 17-year age group 
(RR, 1.69; 95% CI, 1.56-1.83). 

Gender: As discussed earlier, the distribution of injuries 
varies by gender, with male gymnasts having a higher per- 
centage of upper extremity injuries and female gymnasts 
having a greater proportion of lower extremity injuries (22). 
This variation is likely the result of differences in the events: 
Most men’s events, such as the parallel bars, high bar, rings, 
and pommel horse, primarily require use of the upper ex- 
tremities. In other sports, adolescent female athletes are at 
increased risk of sustaining a knee injury, and the injury is 
more likely to require surgery or to involve the ACL com- 
pared to males (10). However, this relationship has not been 
fully evaluated in young gymnasts. 


Motor characteristics: Lindner and Caine (43) reported less 
speed, poorer balance, and higher endurance and flexibility 
as predicting injury among club-level gymnasts. However, 
these predictors were not significant at all age and com- 
petitive levels studied, and the sample size in the subgroups 
was small. 


Physical characteristics: Greater body size and body fat 
percentage have been correlated with higher risk of injury 
(3,75); however, these studies did not control for such vari- 
ables as training hours and age (3). It is also possible that 
factors such as greater height and weight characterize older 
gymnasts who are competing at higher levels of competition 
(4). Older gymnasts may be more likely to sustain injury be- 
cause of more complex and difficult skills and greater accu- 
mulated participation exposure. 

Previous injury: The reinjury rate in gymnastics is high: 
32.7% in 1 year (5). As many as one in four injuries is a rein- 
jury (3). Previous injury was reported as a significant predic- 
tor of overuse injury among young female gymnasts (Injury 
Rate Ratio [IRR], 2.12; 95% CI, 1.61-2.78) (12). The lower 
back was the most common site of recurrent injury in one 
study of female gymnasts (5). The high rates of reinjury in 
gymnasts are felt to be due to premature return to training 
and inadequate rehabilitation (5). 


Psychosocial factors: Two studies reported that increased 
levels of life stress were associated with the number and se- 
verity of injuries (35,37). In both studies, however, the psy- 
chosocial measures were taken after the injury occurred. It 
is possible, therefore, that the stress profiles of the gymnasts 
were different at the time of injury (15). In a prospective 
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study, female gymnasts who were injured reported a higher 
negative life stress than their noninjured counterparts (63). 
Advanced gymnastics training involves many hours and 
years of commitment. A gymnast who has created a sense of 
self-worth primarily on the basis of successes in gymnastics 
may continue to train long after losing interest in the sport 
(76). In such cases, gymnasts may create an injury (either 
imaginary or self-inflicted) in order to discontinue the sport 
without disappointing family, coaches, or themselves (76). 


Extrinsic Risk Factors 


E Level of competition: Although two reports indicate lower 
injury rates for elite than subelite gymnasts (38,40), several 
other studies have found that gymnasts at advanced or elite 
levels suffer more injuries (2,5,8,43,48). This is felt to be due 
to an increased number of training hours, increased skill dif- 
ficulty, and perhaps less supervision (5,2). The high preva- 
lence of chronic injuries in this group has been associated 
with more time spent in the gym (65). 


E Competition: Although most injuries occur while training, 
the incidence when calculated per exposure is two to three 
times higher for competition (2,8,48). This is especially true 
among advanced level gymnasts (2). The timed warm-up 
period before a competition may be an especially high-risk 
time for injuries (2), perhaps because the gymnasts are in a 
stressful and hurried situation. 





INCITING EVENTS FOR INJURY 





E Very few studies provide incidence rates related to the ac- 
tion or activity leading to injury in gymnastics. Addition- 
ally, most available data do not distinguish between overuse 
and acute injuries. As a result, it is difficult to determine 
risk related to specific events or inciting events and whether 
gradual-onset injuries are specifically related to maneuvers 
in a given event. 

E Event: Caine (2) found that floor exercise was the event most 
likely to lead to acute injury in women’s club-level gym- 
nastics. Floor exercise was also associated with the highest 
frequency of injury during international competitions (41). 
In men’s gymnastics, one study reported that 52.9% of all 
knee injuries and 43.8% of all ankle injuries occurred during 
floor exercise (36). 

E Action: In a 16-year study of women’s collegiate gymnastics 
injuries, 70.7% of competition injuries resulted either from 
landings in floor exercise or when dismounting from other 
apparatus (48). The majority of both practice and competi- 
tion injuries in this study involved contact with the floor, the 
mat, or equipment. 

E Gymnast behavior: One study reported that the most com- 
mon gymnast behavior related to acute injury was a missed 
move, followed by falls from an apparatus and dismounts (43). 
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OTHER GYMNASTICS-RELATED 
CONCERNS 





Female Athlete Triad 


E The female athlete triad refers to the relationships between 


adequate nutrition in the form of energy availability, men- 

strual function, and bone mineral density (BMD), which 

can manifest in the clinical conditions of eating disorders, 
amenorrhea, and osteoporosis (58). This important issue is 

discussed in detail in Chapter 115. 

Although the exact prevalence is unknown, female gymnasts, 

like other female athletes in sports where aesthetics and lean- 

ness are emphasized, are at risk for developing the female 
athlete triad or related conditions within the spectrum of the 

triad (58,59,62). 

Losing weight to enhance performance is an important 

reason for dieting among adolescent elite athletes (49). The 

prevalence of disordered eating among gymnasts is not 

well established. Some studies of gymnasts have found a 

high prevalence of disordered eating behaviors and weight 

control behaviors (64,68). Recent studies, however, found 
that self-reported disordered eating prevalence may be no 
greater among adolescent young athletes than controls 

(30,49). 

The focus on body image may begin at an early age: Girls 

involved in aesthetic sports such as gymnastics reported 

higher weight concerns at ages 5—7 than control groups (17). 

E Nutrition studies on female gymnasts consistently 
report mean energy intakes that are 275-1,200 kilo- 
calories lower than national recommendations (4,9). 
Female gymnasts also have correspondingly inadequate 
intakes of essential micronutrients such as zinc, iron, 
and calcium that may impact upon growth and skeletal 
development (4,9). 

E When compared with age-matched controls, gymnasts 
have a later onset of menarche (42). Menstrual dysfunc- 
tion occurs more commonly in athletes (range, approxi- 
mately 3%—70%) than in the general population (range, 
2%-5%) (58). The specific prevalence in gymnasts is un- 
known. The etiology of menstrual dysfunction in athletes 
is felt to be related to inadequate caloric intake relative 
to energy expenditure, termed “negative energy balance” 
(44,58). 

The repetitive impact-loading characteristic of gymnastics 

training appears to have a salutary effect on BMD (67). 

Studies of prepubertal and peripubertal and college-aged 

and retired gymnasts show greater total-body and regional 

BMD and bone mineral content when compared to other 

athletic and nonathletic controls (23). However, athletes 

in weight-bearing sports are known to have a higher BMD 
than nonathletes, and this must be considered when evaluat- 
ing athletes for the triad (58). In general, a BMD Z-score of 

< —1.0 may warrant further investigation in gymnasts (58). 


Sports-Specific Considerations 


Coaches, parents, and athletes, as well as medical support 
staff, should be educated regarding the symptoms, signs, and 
potentially serious health consequences of the triad. 


PREVENTION OF INJURY 





Prevention Research 


Although there is evidence that the rate and severity of 
gymnastics injuries are high compared to other sports, 
there is surprisingly little research in gymnastics that 
has tested preventive measures (29,47). In contrast, there 
has been promising research in other sports (e.g., team 
handball, soccer, basketball) supporting the use of injury 
prevention strategies that include preseason condition- 
ing, functional training, education, and strength and bal- 
ance programs that are continued throughout the playing 
season (72). 


Suggestions for Prevention 


Preparticipation screening and periodic rescreening should 
be performed to include an assessment of injury history, 
ensure adequate recovery from prior injury, assess general 
health, and screen for disordered eating and menstrual 
dysfunction. 

Protective equipment may decrease the incidence of injury 
and should be used when possible. This includes crash mats, 
pits, low beams, and foam beam and bar covers. Floor mats 
and pads should be checked often to ensure that there are no 
cracks that could lead to an ankle injury. 


Some changes aimed at injury prevention in gymnastics have 
already been made. A safer vault horse was instated at the 
senior levels in 2001 in order to decrease injuries. Padded mats 
are now allowed on the floor exercise at college competitions. 
Certain high-risk skills, such as the Yurchenko (round-off 
entry) vault, are restricted to only the most advanced levels. 
Coaches should receive ongoing education in the technical 
aspects of the sport, as well as those pertaining to condition- 
ing and injury prevention and recognition. 

Training should be in a cyclically progressive manner to allow 
for accommodation to overall increases in repetitive loading. 
Quality of training rather than volume should be empha- 
sized, especially when a given skill has been mastered (70). 


Consideration should be given to alternating loading types 
during workouts. For example, alternating swinging and 
support-type movements may reduce loading of the wrist (70). 
Larger gymnastics programs should consider adding sports 
medicine support staff such as a certified athletic trainer, 
even on a part-time basis, to assist in monitoring for injuries, 
early intervention, and guidance of rehabilitation and return 
to competition. 

Increases in training loads should be very gradual and per- 
haps reduced during periods of rapid growth (18). 


As a result of the high rate of recurrent injury, gymnasts 
should not return to full training until rehabilitation is 
completed (5). 

Primary rehabilitation, or prehab, may help to avoid com- 
mon overuse injuries, such as those to the Achilles tendon or 
knee (45). 
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Ice Hockey Injuries 


Peter H. Seidenberg 





INTRODUCTION 





ŒE Ice hockey is an extremely fast-paced, high-contact game 


that requires the mastery of many skills (22,49). Many of 

these skills (skating, stick handling, body checking, shooting, 

and goal tending) are unique to the sport (41). 

The sport dates back to the 1850s, with formal rules first 

established in Canada in 1881 (48). 

It is a National Collegiate Athletic Association (NCAA), 

international, and Olympic sport that made its debut in the 

Antwerp Olympic Games in 1920 (48). 

It is increasing in popularity yearly in the United States. 

During the 2009-2010 season, there were 580,714 registered 

players, coaches, and officials in USA Hockey. This includes 

61,612 girls’ and women’s players (48). 

E USA Hockey is the governing body for amateur hockey in 
the United States. 

Women are active participants in all roles in ice hockey (22,48). 

E Females were involved in Canada as early as 1892. 

E The International Ice Hockey Federation coordinated 
women’s world ice hockey tournaments in 1992, 1994, 
and 1997, and it first appeared as a medal sport in the 
1998 Olympic Games. 

E Today, the NCAA considers female ice hockey an 
emerging sport, and USA Hockey registrants include 
42,292 female players and 1,684 exclusive women’s teams. 

E Many women are playing on men’s teams, even up to the 
minor league level. 

The physician providing medical care for ice hockey athletes 

needs to be proficient in treating a wide variety of traumatic 

and atraumatic problems that range in severity from mild to 
life threatening. 





EQUIPMENT 





E All leagues now require helmets, which should fit snugly and 


use a four-point fit (like football helmets) (22,49). 

E The hockey helmet must be able to withstand low-mass, 
high-velocity impacts from the puck and high-mass, low- 
velocity forces from running into the boards (6). 








USA Hockey recommends the use of Hockey Equipment 

Certification Council (HECC)—approved helmets, full face 

masks, and full mouthpieces for all players during both 

practices and games (14,49). 

The mouthpiece should be internal and should cover all the 

remaining teeth of one jaw. It is required to be colored (not 

clear) in age 19 and under leagues. A form-fitting mouth- 

piece is recommended (49). 

E International play does not require mouthpieces; how- 
ever, they are still highly encouraged (22). 

E The purpose of mouthguards is to protect dentition (23). 

E They may also prevent or decrease the severity of concus- 
sion (6,20,23), although this is controversial. 

Full face masks are mandatory for all youth and college 

leagues (49) and are slowly gaining popularity on the profes- 

sional level. 

Kevlar throat protectors are required in many leagues and 

countries (22). 

Gloves, elbow pads, shin pads, shoulder pads, hip pads 

or padded hockey pants, and protective cup are recom- 

mended (49). 

E There has been a recent trend of wearing hockey gloves 
with shorter cuffs for the purpose of allowing increased 
wrist motion (22). 

1 This may be at the cost of increased risk of wrist and 
forearm injury. 

E Hockey pants have padding to protect from the hips to 
the top of the knees (22,49). 

E Shin pads should cover from the top of the knees to the 
ankles (22). 

All protective equipment except helmets, face masks, padded 

hockey gloves, padded hockey pants, and goalie leg pads are 

worn under the uniform (49). 

Goalkeeper protective equipment (49) 

E Blocker worn on stick hand. 

E Trapper glove worn on the nonstick hand. Looks similar 
to a baseball mitt with protective padding extending up 
the forearm. 

E Leg guards up to 12 inches in width on each leg. 

E Full masks are required. Form-fitting masks are not 
recommended and are illegal except in adult leagues. Use 
in adults requires signing a waiver. 
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E Approved HECC helmets are required unless the above 
form-fitting mask includes a back skull plate. 

E Throat protector 

E Chest protector 

E Cup 

Goalie skates 

ŒE Skates have a protective heel tip (not required for the 
goalie)(49). 
E Probably the most important piece of equipment used by 

the hockey player (13). 

E Speed skates are prohibited (49). 


E Many players prefer leather skates that have external 
plastic shields for ankle support and protection (18). 


E Athletes usually prefer ice skates to be snugly fit and may 
not wear socks so as to improve the feel of the ice (22). 


E The puck is made of vulcanized rubber and weighs between 5.5 
and 6.0 ounces. It is 1 inch thick and 3 inches in diameter (49). 


E For midget league play, a 4.0- to 4.5-ounce puck is recom- 
mended. 

E Equipment that is in poor repair or that has been altered for 
the purpose of causing harm to other players is prohibited. 
Use of such equipment results in penalization of the offend- 
ing player (49). 





PHYSIOLOGY OF ICE HOCKEY 


E Skating during a game involves repeated accelerations, 
decelerations, turning, and stopping (18,41). 

E The players skate forward, backward, and side to side, often 
with sudden changes in direction (18,41). 

E During competition, players will typically work at > 70% 
of their VOo ax With a substantial amount of play at > 90% 
VOomax (16,18). 

E However, with the frequent stoppage of play per shift (on 
average 2-3) and with 3—4 minutes of rest between shifts, 
the resulting mean VO, consumed per game is 55%-66% 
of maximum. 


E Players can lose 4.5-6.5 pounds via sweat per game (41). 

E If games are played in consecutive days, glycogen stores are 
often not replenished (41). 

E Elite ice hockey players average 10% body fat (41). 

E Physiologic differences by position (41) 
E Energy expenditure 

I Playing time 

1 Goalies have the least number of substitutions and 
may play an entire game. 


1 Defensemen have more playing time than forwards 
and typically have less rest time between shifts. 





Q Goal tending requires quick, short explosive move- 
ments interspersed with periods of relative rest. 


(E 


High reliance on adenosine triphosphate (ATP)— 
phosphocreatine system. 


(E 


Forwards and defensemen have a high reliance on 
both glycolytic and aerobic metabolism. 

1 During games, adult forwards and defensemen skate 
greater than 4 miles. 





1 Energy expenditure is one-third aerobic and two- 
thirds anaerobic; postgame lactate increases over eight 
times the pregame level. 


E Forwards have greater anaerobic activity and typically 
skate faster than defensemen or goalies. 

E Despite the above differences by position, muscle fiber 
composition remains equivalent between positions. 


Em Flexibility (41) 


E Goalkeepers are significantly more flexible than forwards 
or defensemen. 

E Forwards and defensemen have been found to have equal 
flexibility. 


E Shooting (4,5,41) 


E Properly coordinated acceleration and deceleration of 
motion of body segments produces maximal velocity. 


E Motion is concentrated in the lower arm. 

E However, maximal velocity is produced through maximal 
use and full rotation of the trunk. 

E Accuracy of the shot is enhanced via trunk stabilization 
and restricted use of body segments. 





EPIDEMIOLOGY OF INJURIES 





E Ice hockey is classified as a collision sport by the American 


Academy of Pediatrics (39). 


E There are many opportunities for injury in this aggressive, 


fast-paced sport. 


E Contact/collision occurs with the hard ice surface, 
unpadded boards, goal posts, equipment from other 
players (skate blades, sticks), the puck, and the bodies 
and, at times, fists of opponents (41). 

Q In elite hockey, the puck can travel at speeds up 
to 120 miles per hour, producing impact forces 
> 1,250 pounds. 

1 Professional players can skate at speeds up to 30 miles 
per hour. 





Q Sliding on the ice after a fall can occur at speeds up to 
15 miles per hour. 


E Fatigue appears to bea risk factor for injury (28,31,42,43). 


E Equipment that is in poor repair also places the athlete at 
increased risk for injury; however, even when adequate 
protection is worn, injury is still possible. Studies have 
found that 58% of injuries occur on body parts that were 
covered with protective equipment (31). 
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Overall injury rates 

E Aggregation of injury data is limited by varying defini- 
tions and methods for reporting in the literature. 

E Data from injuries presenting to U.S. emergency depart- 
ments demonstrate the following distribution of injury 
location (15,21): 

1 Upper extremity: 36.0%—43.8% 

2 Head: 12.3%-16.3% 

4 Lower extremity: 16.1%-19.1% 

4 Trunk: 9.3%-13.8% 

A Face: 10.0%-23.0% 

“4 The above data are limited by the fact that not all ice 
hockey injuries result in a visit to the local emergency 
department. 

E Overall injury rate is 5.6 injuries per 1,000 player-hours (1.5 
per 1,000 hours in practice, 54 per 1,000 hours in games) 
(31). Due to difficulty quantifying player-hours, many stud- 
ies will instead describe injury rates per athletic exposure. 

E Injury is more common in the game setting (76%) than 
in practice (23%), even though practice represents sig- 
nificantly more time. Injuries are thus 5-25 times more 
common in game settings (1—3,31,43). 

E Acute and traumatic injures account for 85% of injuries, 
whereas overuse injuries represent 15% of all injuries (47). 

E Approximately 16% of injures are related to rule infrac- 
tions (31). 

E During games, Pelletier et al. (36) found that 27.1% of 
injuries occurred during the first period, 35.6% occurred 
during the second period, and 26.6% occurred during 
the third period. In contrast, other investigators suggest 
that third-period injuries are roughly equal to first- and 
second-period injuries combined (31) or that injures are 
twice as common in the third period (43). 

Age-specific injury rates: Injuries appear to increase with 

increasing age, with a peak in early adulthood (Table 95.1). 

Studies suggest that injury rates in youth hockey show a dra- 

matic increase during the first year that body checking is per- 

mitted, regardless of the age that checking is instituted (27,51). 


Injury Rates by Age of Athlete (43) 


Rate of Injury per 1,000 Player-Hours 








Age of Athlete Practice Time Game Time 
Youth 

Squirt (age 9-10) 1.2 0 

Pee Wee (age 11-12) 22 0 
Bantam (age 13—14) 25 10.9 
Junior A (age 17-19) 3.9 96.1 
Intercollegiate (age 18-21) 2.3 84.3 
Swedish Flite (age 19-33) 1.4 78.4 
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Œ Mechanisms of injuries 


E Collisions — 14%-65% of all injuries, with one study 
showing that 29% are caused by unintentional or acci- 
dental collisions. The majority of collisions that resulted 
in injury involved player-to-player contact, whereas colli- 
sions with the boards only account for roughly 10% of all 
injuries (1,2,25,26,28,31,40—43,47). 

E Puck— 3%-20% of injuries (25,26,28,31,36,40-43,47). Puck 
velocity may reach 120 miles per hour at professional levels. 

E Stick — 8%-29% of injuries (31,36,43). It should be not- 
ed that many of the injuries caused by the stick are to the 
face, the majority of which may be prevented with proper 
protective gear. 

E Skate — 5%-11% of injuries, often related to lacerations 

from sharp steel blades (25,26,43) 

Fighting — 3%-6.5% of injuries (37,43) 

Overuse — 14.6% (47) 

Falls — 4%-7% (31,43) 

Foul play or illegal play — 9%-16% (31) 

E Noncontact injuries — 2.2% (36) 


E Type of injury (15,36) 


E Sprain/strain — 16.9%-42.3% 


“1 Average number of days lost from play due to sprains 
= 13.61 


E Contusion — 21.0%-23.6% 
E Laceration —13.0%-27% 
E Fracture — 10.2%-17.3% 


“1 Average number of days lost from play due to fractures 
= 22.22 


E Concussion — 7%-7.5% 


E General trauma — 5.9% 


E Rates of injury per anatomic site are listed in Table 95.2. 


Table 95.2 | Anatomic Location of Hockey 





Injuries (36) 


Percentage of Total Injuries 





Anatomic Site of Injury Reported 
Head and neck 10.6% 
Face, eye, ear, jaw, teeth 17.6% 
Shoulder and clavicle 14.9% 
Chest and back 4.8% 
Arm, elbow 3.7% 
Forearm, wrist, hand 6.9% 
Hip, groin, abdomen 6.4% 
Hamstring, thigh 9.0% 
Knee 18.6% 
Ankle 3.2% 
Foot 1.6% 
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E Injuries related to position on ice (31) E Concussions account for 7.5% of all hockey injuries (36). 


E Goalkeeper — 5.8% 4 This percentage is likely underestimated, because 
E Defensemen — 31.2% many injury-reporting studies have only looked at 
E Center — 18.5% injuries that have resulted in time lost from play 
m Wing — 36.0% (25,26,47). Additionally, it is suggested that, especially 

Piz ie in youth hockey organizations, there is a trend of un- 
E Missing position data — 8.5% derreporting concussion (52). As such, many concus- 
E However, position played has no statistical relationship to sions may not have been identified. 


days lost from an injury. E Benson et al. (10) included mild concussions in their 


head and neck injury study and found a concussion inci- 
dence of 1.53—1.57 per 1,000 athlete exposures. 

National Hockey League (NHL) studies have found 
the concussion rate to be 1.04-1.81 per 1,000 athlete 
exposures (50). 


E Injuries by sex: NCAA injury data analysis shows the follow- 
ing differences between injury rates in male versus female ice 
hockey athletes (1-3): = 
E Rate of injury in games was eight (males) and five 
(females) times higher than in practice. 


E Preseason practice injury rates were approximately E NCAA data show a concussion rate of 0.72 per 1,000 ath- 
twice those of in-season practice injury rates (males and lete exposures for men and 0.82 per 1,000 athlete expo- 
females). sures for women (3). 

E Most common injuries in games: E Emergency department data suggest that the percentage 
Q Male = knee internal derangement (13.5%), concus- of traumatic brain injuries increases as age decreases 

sion (9.0%), acromioclavicular joint injury (8.9%) (15,21). 
Q Female = concussion (21.6%), knee internal derange- E Maxillofacial: When abrasions and lacerations are excluded, 





ment (12.9%), acromioclavicular joint injury (6.8%) maxillofacial trauma represents 11.5% of hockey injuries (40). 


E Most common injuries in practice: E Blows from the stick represent 54.1% of maxillofacial and 


Q Male = pelvis and hip strain (13.1%), knee internal 
derangement (10.1%), ankle ligament sprains (5.5%) 





1 Female = concussion (13.2%), pelvis and hip strains 
(12.0%), foot contusion (7.2%) 

More research is needed to determine why women hockey 

players have a higher rate of concussion than men. 





INJURIES BY LOCATION 





E Ocular: Thirty-eight to 47% of sports-related eye injuries 
occur in hockey (35). 


Most common injuries are soft tissue (34%), hyphema 
(27%), other intraocular injuries (23%), corneal damage 
(9%), orbital fracture (4%), and ruptured globes (3%). 
Pashby (35) found that approximately 15% of all eye- 
injured hockey athletes were left with an injury resulting 
in a legally blind eye. 

However, 58% of these injuries would have been prevent- 
able with face shields. 


E Concussions: Management should be as in any other 
sport. No concussed athlete should be allowed to return to 
competition. 


E Hockey players sustain head trauma and impact forces 


T 


dental injuries, whereas contact with the puck only repre- 
sents 14.2% of injuries to this same area (40). 

Of these injuries, 69.9% occur during games with the 
remainder occurring during practice sessions (40). 
Injury to teeth and alveolar processes represents 84.5% of 
injuries (40). 

Ice hockey accounts for roughly 40% of all sports-related 
dental injuries (19). 

Maxillofacial injuries have been drastically reduced since 
the introduction of mandatory face masks in many levels 
of the sport (40). 

Of the previously reported facial injuries, 47% may have 
been preventable through the use of protective visors 
(25,26). 

Studies have shown that the use of helmets with face 
masks significantly reduces (but does not completely 
eliminate) the incidence of facial lacerations (Table 95.3) 
(10,24,33). 


able 95.3 | Rate of Hockey-Induced Facial 


Lacerations (10,24-26,33) 





Number of Facial Lacerations 





from axial loading in a similar mechanism as football Situation per 1,000 Player-Hours 
players (14). Game play, no face mask 70.0 
© Unlike football, the hockey athlete is also at risk for trau- Game play, with face mask 14.7-15.1 
matic brain injury through contact with the hockey puck, Practice: Ho face mask 21.8 
which as previously mentioned can reach speeds up to Practice, with facemask TET 


120 miles per hour (41). 





E Despite face masks, facial lacerations still occur, and the 
team physician should be prepared to evaluate and repair 
these injuries appropriately. 


E Cervical spine 


E The number of catastrophic cervical spine injuries in ice 
hockey is low compared to other sports; however, the in- 
cidence per 1,000 participants is relatively high (32). 

E The effect of helmet and face mask use on cervical spine 
injury is controversial. 


J After the increased use of helmets with face masks 
in ice hockey, there retrospectively appeared to be an 
increasing incidence of cervical spine injury. Several 
investigators hypothesize that this is caused as a result 
of the player wearing a helmet adopting a more ag- 
gressive style of play, resulting in more cervical injury. 
It has been proposed that the protective devices have 
also altered how officials perceive game situations, 
leading them to be more lenient in penalization. The 
net result has been an increase in illegal and injurious 
behaviors, such as checking from behind (an activity 
associated with catastrophic cervical spine injury) 
(33,37). 

1 However, the prospective study by LaPrade et al. (24) 
of intercollegiate athletes and face mask use showed 
no increase in head and neck injuries (24). 

E Mechanism of injury is axial loading caused by a blow to 
the head from collision with the boards, other players, the 
ice, or the goal post (44). 

E The majority of these injuries occurred when the injured 
player was checked from behind, throwing the athlete 
horizontally into the boards (45). 


E Many of the reported cervical spine injuries were a result 
of either illegal play or high-risk aggressive behavior. New 
rules have been instituted by both the Canadian Amateur 
Hockey Association and USA Hockey in an attempt to 
reduce the number of spinal cord injuries. These new 
rules have moved the action away from the boards and 
restricted checking; preliminary results appear successful 
in limiting the incidence of complete spinal cord injuries 
(45,46). 

E During the management of a cervical spine—injured ath- 
lete, the physician may carefully remove the helmet if 
necessary. As opposed to football, the shoulder pads of 
hockey are much less bulky, and the unhelmeted hockey 
player’s cervical spine can still be easily stabilized with 
shoulder pads in place. 


Shoulder: Clavicle fractures, acromioclavicular joint separa- 
tions, and glenohumeral subluxation/dislocation are relatively 
common in ice hockey (8,9,30). They usually are high-velocity 
injuries that result from the shoulder being driven into the 
boards following aggressive body checks. 

Elbow: A player who does not wear elbow pads may receive 
a traumatic olecranon bursitis and/or elbow fracture during 
collision with the ice or the boards. 
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Wrist, hand: 


E When hockey players fight (which occurs frequently at 
higher levels of play), the gloves are typically thrown 
down, and blows are exchanged using bare hands. The 
typical street fighter hand injuries can then occur. 


E Gamekeeper’s thumb (ulnar collateral ligament injury) 
has been reported (41) and is typically due to the player’s 
thumb being hyperabducted when the stick handle is 
suddenly forced toward the body during a collision with 
the boards. 


E Wartenberg syndrome (34): In hockey, direct trauma to 
the superficial radial nerve at the wrist can occur when 
an opponent strikes the distal forearm with the stick. 
The athlete will complain of pain and/or paresthesias 
shooting up the thumb and dorsal wrist in a radial dis- 
tribution. Players who use gloves with shorter cuffs (so as 
to increase wrist mobility) are at increased risk for this 
injury. 

E Scaphoid fracture: Mechanism of injury usually is fall on 
outstretched hand or a dorsiflexed wrist colliding with 
the boards. The gloves provide some protection against 
this injury. 

Chest: Commotio cordis has been reported in youth ice 

hockey. League organizers and physicians should consider 

having an automated external defibrillator (AED) avail- 
able at the rink because there is a 16% survival with rapid 

defibrillation (29). 


Back: 


E Back strain and sprain — Players skate in a forward flexed 
position. This position, combined with the frequent 
trunk rotation that accompanies shooting and passing, 
can place the player at risk for these injuries. 


E Spondylolysis has been reported in ice hockey athletes. 
Abdomen: 


E Because of the abrupt and sudden changes in movement, 
hockey players are at risk for abdominal muscle strain 
(22,41). 

E Athletes can sustain traumatic abdominal injury, espe- 
cially when the handle of the stick is forced into the abdo- 
men during a collision into the boards (which is typically 
the result of illegal checking). 

Thigh, groin: 

E Anterior thigh hematomas may occur as a result of 
collision with the boards or of blocking a shot puck. 
These hematomas are at risk for myositis ossificans (41), 
and treatment should be directed at preventing this 
complication. 


4 If the hematoma is identified immediately after the 
game, the athlete can be placed in fixed knee flexion 
for 24 hours in an attempt to tamponade the bleeding, 
thereby decreasing the size of the hematoma. 


44 Old hematomas should not be passively stretched, as 
this may increase the risk of myositis ossificans. 
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E Adductor strains are common enough that studies have 
been performed in an attempt to determine if certain 
players are at increased risk for this injury and to ascer- 
tain what prevention measures can be implemented in an 
attempt to decrease lost playing time. Hockey players are 
at risk for this injury as a result of the explosive starts and 
changes in direction (22). 


E Osteitis pubis has also been reported in hockey players. 
There is thought to be an increased risk for this disorder 
due to abrupt and sudden changes in movement. 


Knee: Most common significant lower extremity injury. 

E Although anterior cruciate ligament (ACL) and menis- 
cal injury has been reported, medial collateral ligament 
(MCL) injury is 14 times more common (31). 

E The ACL appears to be spared because the foot does not 
lock in position on the ice. 

E The mechanisms for MCL injury are both contact and 
noncontact valgus stress to the knee. 


Ankle: Ankle sprain — Mechanism of injury is dorsiflexion, 
eversion, and external rotation (43), producing deltoid liga- 
ment sprain. 


E This is in contrast to most other sports where the typi- 
cal mechanism is plantarflexion, inversion, and internal 
rotation, producing lateral ligament (especially anterior 
talofibular ligament) injury. 

E The mechanism of injury also places the hockey athlete 
at risk for syndesmotic injury and Maisonneuve fracture 
(due to transmittal of the force out through the fibula). 


E Ankle sprains result in 10% of major injuries in ice 
hockey (defined as absence from sport > 28 days) (31). 

E In an attempt to prevent these debilitating injuries, many 
hockey players prefer skates that have added external 
ankle support (18). 


E Boot lace lacerations — The ice skate blade is essentially a 
10- to 12-inch scalpel. The anterior ankle is at risk for lac- 
eration of tendons and neurovascular structures because 
of its proximity to the skates of others. A relatively small 
laceration can cause damage to these underlying superfi- 
cial structures (44). 


2 However, most athletes are relatively protected from 
this injury because of the thickly padded skate tongue 
over the anterior ankle. Athletes who turn their skate 
tongue downward (out of personal preference) place 
themselves at increased risk. 

Foot: Lace bite (18,22) is nagging dorsal foot pain and/or 

paresthesias. 

E Players often do not wear socks and prefer tight-fitting 
skates because this is thought by athletes to improve per- 
formance and speed on the ice. The compression of the 
laces in such situations can cause extensor tendon and 
nerve injuries of the dorsum of the foot. 


E To prevent this injury, the tongue of the boot should 
remain in a neutral position. 





MEDICAL ILLNESSES 





E Indoor ice rinks have ice-resurfacing machines, commonly 
referred to as Zambonis, that are gas or propane powered. 
The emissions from the machine coupled with poor ventila- 
tion can create increased carbon monoxide levels on the ice. 

E Nitrogen dioxide—induced lung injury and other indoor air 
quality syndromes 

E Cold-induced vasomotor rhinitis (7,11) 

E Profuse watery rhinorrhea that typically begins within 
minutes of skating on the ice. It is thought to be the result 
of an overly sensitive cholinergic reflex in response to 
exposure to cold air and changes in humidity. 

E The athlete has little nasal itching, ocular pruritus, or 
sneezing, but increased nasal secretions, postnasal drip, 
sinus headaches, anosmia, and sinusitis are common. 

E Itis a diagnosis of exclusion. Rhinitis caused by infection, 
allergy, anatomic abnormalities, and eosinophilia should 
first be ruled out. 

E Many athletes self-medicate with decongestants for this 
disorder; however, this category of medicines is on the 
banned substances list for the International Olympic 
Committee (IOC). There has been some promise in 
treating this disorder with ipratropium bromide nasal 
spray, a medication that is not on the prohibited list. 





PREVENTION 





E Youth hockey programs need to educate players, coaches, 
and parents of the importance of knowing and following the 
rules (39). 

E Body checking should not be allowed in youth hockey for 
children ages 15 and under (12,39). 

E Fair-play rules should be used to decrease the incidence of 
injury in youth hockey. This system gives teams credit for 
sportsmanship in the final standings of league and tourna- 
ment play. Teams have points added to their totals for staying 
under a preestablished limit of penalties per game, whereas 
teams that rely on intimidation and foul play have points 
subtracted. Implementation of this style of play was shown 
to reduce the number of high school hockey injuries (38). 

E Players, coaches, parents, and officials should be educated on 
the dangers of checking another player from behind (39). 

E The officials and coaches should be encouraged to strictly 
enforce the rules against illegal body checking. 


E These forms of checking include boarding, charging, check- 

ing from behind, cross-checking, elbowing, and roughing. 

E Contact with an opposing player made above the shoulder 

using the fist, forearm, elbow, shoulder, knee, or stick must 

be penalized. If such an act was deliberate, the stiffest sanc- 
tions should be used. 


Deliberate attempts to injure other players are illegal and 

should be heavily penalized. 

Rules against high sticking should be strictly enforced. 

E Frequently occurs during a slap shot or when attempting 

to bat down airborne puck 

During a slap shot, it is considered high sticking if the 
stick comes above the level of the waist on the back 
swing; slap shots are illegal in midget play. 





4 Batting a puck down with the stick above the shoulders 
is also considered high sticking. 

Fighting needs to be discouraged by officials, coaches, 

players, and players’ parents. 

Players should be encouraged or mandated to wear helmets 

with full-coverage face masks at any level of play for both 

game and practice situations. 


Ensure adequate ventilation and monitoring of air quality in 
indoor ice rinks. 

The medical team providing coverage for ice hockey should 
have the availability of medical equipment for the stabiliza- 
tion of potentially devastating injury at the ice rink. This 
should include a spine board, cervical collar, and cardiopul- 
monary resuscitation equipment (17). The logistics of how 
to get this equipment to the injured athlete on the ice should 
be preestablished. The emergency plan should be in place 
and practiced prior to the beginning of the season so that in 
the event of a devastating injury, morbidity due to delay in 
stabilization can be reduced. 
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BRIEF HISTORY OF CLIMBING 





E Initially, climbing was about ascending the available sum- 


mits. Mt. Everest, the tallest peak on the planet at 29,035 feet, 
finally succumbed to Sir Edmund Hillary and Tenzing 
Norgay in 1953. Subsequently, climbers turned their atten- 
tion to the most difficult lines on mountains and often the 
most direct line (directissima) or the steepest, most sus- 
tained face. This desire to achieve increasingly technically 
difficult climbs led to focused and sport-specific training in 
preparation for climbing, rather than just maintaining good 
aerobic conditioning and overall fitness. Climbers took to 
the gyms and developed novel indoor training techniques. 
As time has progressed, these exercises and protocols have 
become more and more sophisticated. With the genesis of 
professional climbers (alpine guides, World Cup competi- 
tors, and sponsored climbers), athletes are able to climb and 
train for climbing full time. This has allowed for subspecial- 
ization in climbing, with subspecialists pushing the limits in 
each discipline. 





EVOLUTION OF CLIMBING 





E In the past 25 years, the sport of climbing has increased in 


its popularity, and the numbers of participants has greatly 
expanded. The stigma of climbers being a reckless fringe ele- 
ment of extreme risk takers has changed, and climbing has 
become more acceptable as its participants include a broad 
spectrum of the population from kids to executives. Females 
can often climb as well as men and make up about a quarter 
of the participants. 

With the advent of climbing gyms in populous cities, more 
people are introduced to climbing in a safe and supervised 
setting. The first climbing gym in the United States was es- 
tablished in Seattle in 1987. At the time of this writing, there 
are over 233 climbing gyms in the United States, not includ- 
ing those on college campuses, in camps, or in fitness clubs. 








Many recreational (casual) climbers have joined the sport, 

and serious climbers are spending more time training. 

E In 1989, the estimated number of active climbers in the 
United States was 100,000 (1). As of 2008, it estimated to 
be approaching 2 million. 

The sport of climbing is categorized into different subspe- 

cialties or disciplines: 

E Bouldering: Shorter routes, usually 15-20 feet in height, 
are undertaken without any ropes, usually to train more 
difficult moves. Thick foam pads are commonly placed 
below the route to cushion falls, and participants will 
often spot the climber. 

E Traditional climbing: Longer routes, 50 to several hun- 
dred feet in length, where the climber must use the 
features of the rock itself, such as a crack, to place pro- 
tection. Initially, these were metal pitons that were ham- 
mered into cracks, which have largely been replaced with 
removable stoppers and camming devices. These are de- 
signed to resist pull out and shorten the climber’s fall by 
catching the rope, which is secured by the belayer. 

E Sport climbing: Routes where protection such as bolts 
and anchors are already present in the rock face; makes 
protecting the climb easier. This approach allows the 
climber to push his physical limits more with more ro- 
bust fixation available should a fall occur. Additionally, 
climbers can protect sheer walls without options for nat- 
ural protection, opening up new and often challenging 
terrain to other climbers. 

E Alpine climbing: Climbing style where only the bare 
essentials are taken; usually describes longer endeavors 
(days to weeks) to reach the summits of mountains, and 
includes all the disciplines of climbing; rock climbing, ice 
climbing, and glacier travel are often carried out at high 
elevations and in severe weather conditions. 

E Ice climbing: A style of climbing that involves ascending 
ice formations, such as frozen waterfalls, icefalls, and rock 
faces that are covered in ice, using ice axes and crampons 
(spikes that are fastened to mountaineering boots). Ice 
screws (hollow metal tubes with threads) are placed into 
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the ice as the climber ascends. These are used to protect 
the climber as the rope can be clipped in, such that the 
belayer can catch a fall. This form of protection can be 
weak or strong depending on the quality of the ice. 
Speed climbing: A style of climbing where the ultimate 
goal is speed; often aspiring to break exisiting records. 
This is done to some degree in subspecialties, by a small 
elite percentage of climbers. Extra risks are taken to save 
time, such that this can be a very dangerous practice. 
Solo climbing: Also known as “soloing.” A style of climb- 
ing without someone else belaying. There are four sub- 
categories, listed in ascending level of risk: 
1 Top-roping: climbing the rock with a fixed rope and 
with a self-locking device as back up should a fall occur. 
I Lead climbing alone with a rope and a self-locking de- 
vice to stop a fall. 
Q Deep-water soloing/psicobloc: climbing over water 
without a rope, using the water as a landing substrate 
to cushion falls. 





Free solo climbing: climbing without a rope or other 
forms of protection. 

Aid climbing: A form of climbing where one inserts 
devices in the cracks in the rock to pull up on or to step 
up on rather that just using the rock itself to hold on to. 
Sometime aiders, or étriers (short stepladders made of 
webbing), are used to clip into the protection and then the 
climber can stand in them. This is a slow form of climb- 
ing that is very gear intensive. Often climbers will take 
haul bags full of gear and folding cot-like “portaledges” to 
sleep on during multiday ascents. 


E Focused training: As climbers have become more subspecial- 
ized, they have developed different training techniques that 
allow for plyometric and dynamic movements, which can 
yield impressive strength gains but can also generate high 
loads and place climbers at greater risk of injury. 


E Bouldering: 


4 John Gill: The father of modern bouldering, circa 
1950s. He was a gymnast who eschewed concentrated 
gymnastic-type effort to overcome short climbs on 
boulders. He used gymnastic training techniques to 
increase strength, especially hand and core strength, 
for climbing (e.g., one-finger one-arm pull-ups and 
front levers) and introduced the use of chalk (to im- 
prove the climbers grip) and dynamic movements to 
climbing. 


E Rock climbing: 


4 Wolfgang Gullich: A German climber circa 1980s who 
pushed the limits and trained specifically in the off- 
season to be able to do certain climbs; invented the 
“campus board.” This device is a series of holds placed 
horizontally a fixed distance one above the other on 
an overhanging piece of plywood. These rungs were 
of various widths, and this device was used to develop 
finger strength and the ability to develop “lock off,’ or 


hold one’s body at the top of a pull up with one hand. 
This built both strength and endurance for physically 
taxing climbs. 

4 John Bachar: Very instrumental in the 1980s when he 
was pushing the limits of roped climbing in Yosemite 
and also began pushing the limits of soloing. As part 
of his training, he developed an upside-down rope 
ladder that he often climbed with weights to develop 
upper body strength and endurance, known as the 
“Bachar ladder.” 

4 Chris Sharma: Probably still the top rock climber today, 
amazingly staying at the forefront of rock climbing for 
over 10 years, and has pushed technical difficulties into 
the 5.15a/b range, along with other climbers. (See rating 
scale below.) 

4 Climbing difficulty has a variety of rating schemes; the 
Yosemite Decimal System most commonly used in this 
country rates a climb as 5.0 where a rope should be 
used or a serious fall could occur. A 5.4 or 5.5 climb 
could be done by most athletes, but after that, practice, 
composure and sports-specific strength are needed. 
Serious experienced climbers climb in the 5.10-5.12 
range with subdivisions of a, b, c, and d separating 
climbing difficulty above 5.10. A very select few climb- 
ers ever manage to climb above 5.13. 

E Mountaineering: 

4 Reinhold Messner: A German visionary for travel- 
ing fast and light in the mountains; he renounced the 
conventional siege approach to the biggest mountain 
and made his mark in the 1970s and 1980s as the first 
to summit all of the 8,000-meter peaks. He was not 
afraid to climb these peaks solo and without supple- 
mental oxygen and was renowned for his hardcore 
“deprivation training” to prepare him physically and 
psychologically for the rigors of climbing in the “death 
zone.” This term is used to describe the region above 
an altitude of 26,000 feet or 8,000 meters where the 
human body cannot adapt or acclimatize, such that 
the human body cannot survive here for more than a 
few days (10). 

4 Ueli Steck: Took a scientific approach to training at a 
new level in the 21st century and brought speed climb- 
ing to the high mountains. Known for speed ascents of 
the Trilogy of North Faces of the Alps (Eiger, Grand 
Jorasses, and Matterhorn), each in under 3 hours, as 
well as similar exploits in the Himalayas. 





INJURIES 





E Because of the extreme nature of the sport, injuries in climb- 
ing are common, and around half of all climbers surveyed 
in one study had sustained an injury within the last year 
(11). Throughout several studies conducted, overuse injuries 
were found to be the most prevalent of all climbing injuries. 
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Overuse injuries accounted for 93% of injuries reported, 
and 28% of climbers reported at least one such injury (2). 
Dedicated and experienced climbers are more susceptible to 
overuse injuries, whereas casual and new climbers more of- 
ten experience fall-related injuries (11,15). Contributing risk 
factors associated with increase in injuries include climbing 
frequency and technical difficulty (2,11). 


Rock climbing has a spectrum of sport-specific injuries, 
almost half involving the wrist and hand (12). Understand- 
ing these injuries, the types of training techniques, and the 
obsession of many climbers to train can help physicians de- 
liver optimal care and advice in an appropriate way such that 
their patients will have the best chance of healing and pre- 
venting further injury. 


“A series of repetitive high torque movements of the upper 
limbs are needed to ascend a wall or rock face. These move- 
ments subject the hand and wrist to large forces, potentially 
resulting in ligament and tendon sprains or rupture” (12). 
Contrary to popular belief, descending is not more risky 
than ascending; 69% of injuries occur during ascending (1). 


Injuries in rock climbers are common. During their climbing 
career, 83%-89% of climbers reported a history of least one 
acute injury symptomatic for 10 days or more (7). “These 
acute injuries are mainly the result of a sudden tendon/liga- 
ment strain or a fall, with almost half occurring while train- 
ing and two-thirds during the ascent. Overuse injuries are 
also common and occur in more than 40% of indoor rock 
climbers. Hand and wrist injuries account for almost half of 
all acute climbing injuries” (12). 


E Accident/fall-related injuries 


E Many of these injuries are covered in different chap- 
ters because falls are not unique to climbing, but can be 
sustained in a variety of sports. The injuries from falls 
are not necessarily readily classified as climbing related 
because they are similar to those experienced by skiers, 
parachutists, or hikers. 


E However, due to the advent of climbing gyms, interna- 
tional speed climbing competitions, World Cup climbing 
events, and other competitions with monetary rewards, 
as well as the individual climber’s drive to climb at the 
highest level physiologically possible, overtraining in- 
juries have far surpassed fall-related injuries in terms 
of incidence (23). These competitions have accelerated 
participants’ interest in training, subsequently resulted 
in overtraining, and have increased the public’s aware- 
ness of and interest in climbing. 


E Contrary to conventional wisdom, some types of climb- 
ing are relatively safe. “Overall, climbing sports had a 
lower injury incidence and severity score than many 
popular sports, including basketball, sailing or soccer; 
indoor climbing ranked the lowest in terms of injuries of 
all sports assessed” (16). 


E Compared to overuse injuries, fall-related injuries are 
relatively infrequent, although do still occur (11). 
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E However, with regard to cases seen in emergency rooms 
between 1990 and 2007, three-quarters of rock climbing— 
related injuries were a result of falls. These falls were twice 
as likely to involve injury to the torso (15). Severity of injury 
is found to be directly related to the length of the fall (24). 


E “It is not found that the riskier forms of climbing (tradi- 
tional leading and soloing) predicted fall-related injuries. 
This may reflect the comparatively infrequent nature of 
fall-related injuries, for example only four [in a small se- 
ries] climbers reported sustaining a fracture (2%)” (11). 


E “Falls while climbing represent one of the more common 
causes of serious injury, although acute and chronic mus- 
culoskeletal injuries of the hands and extremities are also 
frequent afflictions” (19). 


E Ina survey of the British Climber’s Club in 2003, one- 
fifth of hand injuries were fractures. These included wrist 
(12%) and phalangeal/metacarpal bone fractures (7%), 
which are usually a result of falls or rock falls. “Phalangeal 
and thumb dislocations were common, accounting for 
13% of the total number of hand injuries” (12). 


E “In the United States, head injuries are the leading cause 
of death in both mountaineering and rock climbing. 
Most of the rock climbers sustained their injuries as a re- 
sult of falls while leading, with lower extremity injuries 
predominating” (24). Helmet use in climbers is increas- 
ing, but is far from standard such as seen in cyclists. Phy- 
sicians can certainly help encourage the use of helmets in 
their patients who climb. 


E Overuse injuries 


E Overuse injuries account for 75%-90% of indoor climb- 
ing injuries. Although supervision, crash mats, and proper 
equipment help reduce rates of traumatic injuries in indoor 
climbing, these precautions also allow climbers to climb be- 
yond their ability. Moreover, the easy access, controlled cli- 
mate, and social nature of these clubs provide climbers with 
unlimited opportunities to overtrain. Thus, the same factors 
that reduce traumatic injuries are also contributors to the 
prevalence of overuse injuries, especially in indoor climbers. 
A2 pulley rupture, also known as “climber’s finger,” is par- 
ticularly prevalent in the elite competition climbers (2,23). 

E Similar to other athletes, climbers are increasingly af- 
fected by overuse injuries (22). In fact, 44% of climbers 
report having an overuse injury at some time, most com- 
monly in the fingers (32%) (11). 


E Overexertion injuries (compared to other mechanisms) 
are more than five times as likely to occur to the upper 
extremities as to other parts of the body. Injuries espe- 
cially to the hand and wrist predominate (15,11,22). In 
climbers who participate in sport climbing or boulder- 
ing, these injuries are seen even more often, especially in 
dedicated climbers (2,11). 


E More experienced climbers tend to have a lower reinjury 
risk, whereas climbers with a higher body mass index 
(BMI) tend to have a higher reinjury risk (2). 
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E A2 pulley injury 


A Grips 
Two primary grips used by climbers are the open 
and crimp grips; the latter is very prone to causing 
injury. 
In the open grip, the distal interphalangeal (DIP) 
joint is flexed to about 30 degrees, and the proximal 
interphalangeal and metacarpophalangeal joints 
are slightly flexed or straight. No force vectors are 
pointed at the pulleys, which are well protected 
with this hold. 
The crimp grip is particularly problematic because 
it biomechanically applies the highest loads to the 
A2-A4 pulleys. In this grip, the DIP is extended 
while the PIP is flexed often to more than 90 de- 
grees. Climbers preferentially use this grip because 
it is the most secure way to hold onto small edges. 
This security can come at a cost. 

4 “The A2 pulley injury was only first described in 1990 
and appears to be unique to rock climbers’, with only 
a few cases reported from windsurfing and industrial 
accidents (3,13). “It is easy to understand how the in- 
jury may occur, considering the huge forces involved 
as a climber pulls up on a finger flexed at the proximal 
interphalangeal joint” (24). These grip-specific loads 
on the pulley system can reach as high as 700 N (6). 

4 “Ina situation where the weight of the body is suddenly 
placed on one finger, as in a one finger pull-up, the 
force almost at right angles to the A2 pulley has been 
calculated to be in the region of 450 Newton. This is 
greater than that required to tear the A2 pulley under 
experimental conditions” (9). 

When the A2 pulley is ruptured, “the tendon is 
bowstrung and active flexion of the distal phalanx 
is limited” (20). 

4 Approximately 69% of hand injuries occur to the A2 
pulley of the ring finger or middle finger (23). Surpris- 
ingly, few cases of pulley injuries are reported for the 
index and the little fingers (21). 

4 A2 pulley injuries occur most often when the crimp/ 
cling grip is used, especially if associated with a foot- 
hold slip suddenly increasing the force on the pulley 
and causing a rupture. The middle and ring fingers are 
most often involved,” because they are the strongest 
fingers for climbers (12). 

4 The greater the climbing intensity calculated over a 
climber’s career, the greater is the likelihood of sus- 
taining injuries to the finger tendons or pulleys (12). 

Too small or unnaturally shaped climbing shoes cause the 

majority of climbing foot injuries, even greater than the 

number of injuries from falls (14). Climbers at a higher 
level of ability show more deformities and injuries than 
casual climbers as a result of wearing shoes that are sig- 
nificantly smaller sizes than normal street wear. Smaller 


shoes are worn by experienced climbers to eliminate foot 

slippage in the shoe, maximize the feel of the rock, and 

improve performance. 

4 Young climbers are especially at risk with too small 
shoes, particularly while their feet are still growing. 
Difficulties reaching full growth potential and onset of 
localized chronic pain, injury, or deformity have been 
noted (14). 

Climber’s back is a postural adaptation characterized by 

an increased kyphosis of the thoracic spine along with a 

compensatory increase in lumbar lordosis. This deformi- 

ty was closely correlated with increased climbing ability 
level especially seen in elite male climbers. As such, it is 
probably a biomechanical adaptation to intensive climb- 
ing that may actually facilitate elite climbing kinetics. It 
has no known downside, but may with greater follow-up. 

It emphasizes the need for regular flexibility and cross- 

training to prevent this deformity and balance the bio- 

mechanical stresses that can lead to the development of 

“climber’s back” (5). 

Training 

4 “The risks involved with climbing increase in propor- 
tion to the skill-level of the climber: the higher the skill- 
level, the more hours are required for training and on 
more difficult routes” (8). Furthermore, “the longer and 
harder a climber has climbed, the greater the likelihood 
of exposure to a situation that may result in injury” (12). 

2 The level of training of a climber often dictates the 
types of injuries seen. Elite climbers are most at risk for 
overuse injuries of their fingers, whereas recreational 
climbers typically have a wider variety of injuries (15). 

4 “Climbing frequency and technical difficulty are asso- 
ciated with climbing injuries occurring at both indoor 
and outdoor venues, particularly cumulative trauma 
to the upper extremities” (11). 

Types of climbing 

4 “The types of injuries sustained from rock climbing 
differ between elite and recreational climbers and by 
types of climbing (indoor vs. outdoor; bouldering vs. 
lead or top-roping; traditional vs. sport)” (15). 

4 Because of the increasing popularity and availabil- 
ity of climbing walls, “it is likely that sprains, tendon, 
and pulley injuries are more common in the modern 
climber. . .both in and out of season” (12). 

4 “Handholds in rock climbing generate large forces in the 
flexor digitorum profundus and superficialis tendons and 
the associated interphalangeal joints. The distribution of 
forces often depends on the type of hold adopted. This 
can result in acute rupture or acute episodes of tendonitis. 
Soft tissue sprains of the wrist are likely to have occurred 
following repetitive undercling hand holds” (12). 

2 Elite climbers who engage in difficult training for in- 
door speed climbing are at greater risk for strain inju- 
ries than casual climbers. (12). 
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2 Climbers who boulder or lead more than they top-rope 
have a higher probability of sustaining an injury. There 
is a direct and linear relationship between lead grade 
and climbing injury (23). Additionally, climbers who 
participate in traditional or solo climbing typically 
report more injuries than casual or sport climbers (7). 


E Health and drug influences 


4 “A higher BMI was related to an increased injury risk 
for climbers who participated in bouldering. This can 
be explained by the nature of competitive disciplines, 
as they are designed to challenge the climbers’ ability 
to ascend particularly difficult routes that often have 
small footholds and handholds” (2) 

“4 Climbers who reported climbing under the influence 
of drugs or alcohol also documented more injuries 
than climbers without these substances (7). 


E Gender and age 


a Gender 


“Men accounted for 71.8% of all rock climbing- 
related injuries and are more likely to sustain lac- 
erations and fractures. Men are also more than 
twice as likely as women to fall more than 20 feet.” 
Consequently, men are twice as likely as women to 
be hospitalized for climbing-related injuries. Men 
were also noted to sustain more lacerations and 
fractures, whereas women sustained more sprains 
or strains (15). In Europe, the third most common 
complaint from male climbers and the most com- 
mon from female climbers is elbow pain (9). 
“The majority of rock climbing—related injuries 
occurred among those aged 20-39 years. Research 
indicates that those aged 16-24 years make up the 
majority of climbing participants (56%), with 20% 
aged >35 years” (15). 
“The probability of sustaining an overuse injury was 
higher in men, those who had climbed for more than 
10 years, those climbing harder routes, and those 
who boulder or lead more than they top rope” (11). 
However, gender as an independent predictor of 
injury disappears, likely because of its relation to 
lead grade. There are relatively few women climb- 
ing at the highest difficulty, and they are thus not as 
susceptible to the same risks as the men who lead at 
those high difficulty levels (23). 

T Age 
Young climbers (up to the age of 17) have more 
varied risks than older climbers. “The critical age 
is between 14 and 15 years old, when skeletal mass 
increases approximately twofold and is at greater 
risk of injury” (14). 
However, observed injuries in young climbers still 
represent the range of expected injury in rock and 
competition climbing. Rates of injury were not higher 
than among junior athletes of other sports (18). 
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TREATMENT 





E A2 pulley injury 


If an isolate pulley rupture is diagnosed, closed treat- 
ment with a supportive brace and rest from climbing for 
6-8 weeks will usually be sufficient. Severe pulley inju- 
ries should be referred to a hand surgeon with experience 
treating climbers. The patients who are treated nonop- 
eratively often report mild pain while climbing, whereas 
those who had surgery were free of pain. Additionally, 
bowstringing was completely reduced in four of five pa- 
tients who underwent pulley reconstruction in one small 
series (4). 

“Full-sport activities can be performed after 3 months but 
taping should be continued for at least 6 months” (17). 
“The injuries are graded according to a system to define 
therapeutic standards. Grade I to III injuries (strains, 
partial ruptures, single ruptures) are treated conserva- 
tively with initial immobilization and early functional 
therapy under pulley protection. Grade IV injuries (mul- 
tiple ruptures) require a surgical repair” (17). 


E Elbow pain in climbers 


This is typically lateral epicondylitis, although medial 
epicondylitis is also seen. Standard treatments includes 
stretching the common extensor and flexor tendons, ice, 
relative rest, nonsteroidal anti-inflammatory drugs, and 
counterforce braces." 

Early recognition and intervention with a specific amount 
of rest from climbing, such as 4 weeks, with refocus on 
core and aerobic training will usually allow climbers to 
return to climbing, as long as they do so gradually. 





PREVENTION 





E Physicians 


Practitioners dealing with climbers who sustain injuries 
should familiarize themselves with the range of climbing- 
specific injuries that can occur, as well as the management 
of these injuries. Educating climbers about the nature of 
climbing injuries and proper strategies for prevention is 
likely the most realistic opportunity to intervene effec- 
tively (11,24). 

“The stoical nature of climbers, sportsmen [and women] 
accustomed to minor injuries, results in underestimation 
of their injuries, accounting for the high rate of missed 
fractures. The late or missed diagnosis of fractures may 
have unfortunate consequences. Doctors should be aware 
of the large forces involved in any rock climbing fall and 
be suspicious of significant injury” (24). 

Suggesting that climbers choose a less strenuous activity, 
climb only easier routes, or retire after 10 years is an inef- 
fective strategy because of their high commitment level 
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to the sport. Perhaps the best impact that practitioners 
can have is to make the results of studies widely available. 
In doing so, inform climbers about their risks for sport- 
specific injuries, heightened risk factors, and the signs 
and symptoms of overuse (8,23). 


E Climbers 


E Climbers younger than age 16 should limit the intensity 
of training (14,18). They should not train excessively for 
nor should they participate in international boulder- 
ing competitions and should also avoid intensive finger 
strength training because they are at risk for physeal 
injuries. 

E In an effort to avoid overuse injuries, climbers should 
gradually and systematically increase climbing loads and 
hours, after appropriate training (2). Reports of swell- 
ing of joints, aching, or finger tenderness that does not 
completely resolve before the next workout should be in- 
terpreted as an impending injury, and rest/cross-training 
should be instituted until that signal resolves. 

E Taping is widely used by climbers. Typically, athletic tape 
is applied to the back of hands to protect them when ex- 
tended amounts of crack climbing are done. Additionally, 
climbers will often tape the fingers to “reinforce” the pul- 
leys, wishfully protecting them against injury, despite the 
experimental literature that has not been able to demon- 
strate a significant protective effect (22). 


E Risks of rock climbing would be reduced if lead climb- 
ers would consistently arrange protection at earlier 
stages of climbs. Adequately protecting lower heights 
can help prevent and reduce the trauma of lengthy 
falls, as are more common in lead climbing (24). This 
is the ideal solution, but often climbs do not present 
opportunities to place protection ad libitum, thus 
increasing the odds of longer and potentially more 
injurious falls. 


E “Ensure adequate strength of the brachialis muscle by us- 
ing pull-ups in a forearm-pronated rather than forearm- 
supinated position when training” (9). Clearly, a balanced 
approach to training flexor and extensor groups makes 
sense to climbers and physicians alike. 

E Levels of climbing that require either single- or double- 
finger pull-ups should be avoided until after regularly 
training in climbing for 6-8 years (9). 

E The use of campus boards and Bachar ladders should be 
undertaken with great discipline and limited to once or 
twice a week at the most. 


E Asin other sports, periodicity of training and block train- 
ing focusing on building blocks of endurance, power, and 
aerobic capacity are helpful to make gains in these areas 
as well as to give body parts much needed rest. 


E Furthermore, to help limit damage to the climber’s feet, 
climbing shoes should be removed between climbs, espe- 
cially by elite and experienced climbers who wear exces- 
sively restrictive shoes (14). 


Sports-Specific Considerations 


E Equipment 


E Advances in both climbing equipment and technique 
have greatly reduced the potential risks to both climber 
and belayer; however, the risks are still present (24). 
Participants should regularly inspect and repair safety 
equipment, replace equipment as necessary, and wear 
helmets. 


E Age-appropriate training 


E “Practice schedules designed for experienced competitive 
athletes in a variety of upper extremity weight-bearing 
sports are inappropriate for novices, and in particular 
adolescents whose bones and ligaments are not fully 
developed” (2). 


E Injury-specific training 


E “Since pulley injuries are largely acquired as a function 
of the finger position, the most significant prophylactic 
intervention that can be made is to avoid using the crimp 
grip in repetitive training exercises and when an open 
grip will suffice” (22). 
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Fá Lacrosse 


Thad J. Barkdull 





INTRODUCTION 





E History (17) 


Considered to be the oldest sport in North America. 
Derived from baggataway, a game French observed Native 
Americans playing in 17th century Canada. 

Stick, or lacrosse, used in game comes from appearance 
similar to bishop’s crosier or crosse. 


In 1879, Canada formed the National Lacrosse Association 
(now the Canadian Lacrosse Association). 


Eleven U.S. men’s college and club teams formed the 
National Lacrosse Association in 1879. 


By 1950, over 200 teams existed in the United States. 
Lacrosse is still the National Summer Sport of Canada. 


E Demographics (U.S. Lacrosse) 


Estimated that 568,021 people played organized lacrosse 
in 2009. 


“I Over 340,000 men 
“J Over 220,000 women 


Nearly 19,000 men participated in over 250 universities 
with sanctioned programs. 





Over 136,000 men at 1,600 high schools now have varsity 
programs. 

Over 250 universities have sanctioned women’s programs 
for 12,868 women athletes. 

As of 2010, lacrosse was a sanctioned sport in 19 state 
high school athletic associations. 

There are currently two professional leagues: Major 
League Lacrosse (indoor or box) and the National 
Lacrosse League (outdoor or field). 


E The game 


662 


Men’s field lacrosse (16) 
O Ten players per side: 
Three attackmen (offense), three defensemen 


(defense), three midfielders (both), and one goalie 
(defense) 


Teams may allow a maximum of six players on the 
offensive half and seven on the defensive half. 
2 The field is 110 X 60 yards. 


Ù 


Goals are 6-feet square with a 9-feet diameter circular 
crease around them. 


Substitutions may occur during play stoppage or 
during play (similar to hockey). 


Q Players may pass the ball or run while cradling the ball 
in their stick, or crosse. 


Q The object is to score more points than the opponent 
by putting the ball into the opposition’s goal. 

Q Players may hit an opposing player who controls the 
ball or is within 5 yards of ball. 

Q Players may hit an opponent’s stick or gloved hand 
with their own stick. 

Women’s field lacrosse (14) 


1 Twelve players: One goalie, four attackers, four 
defenders, and three midfielders 


The field is 120 X 70 yards. 
No contact between players 





Oo 





Ù 


Restraining Line Rule — only seven offensive and 
eight defensive players in 30-yard area around goal 


E Box lacrosse 


Q Six players per side 
Q Played in enclosed area 





4 More contact allowed than field lacrosse 


E Equipment (13) 
E Crosse or stick 


Length varies by position. 
Made of wood, laminated wood, or synthetic material. 


Attackmen’s and midfielders’ sticks must be 40—42 inches 
long. 


O O Ù 


Oo 


Defensemen’s sticks must be 52-72 inches long. 


The head must be 6.5—10 inches wide, or 10—12 inches 
for the goalie. 


Ball 

1 Made of solid rubber 

2 7.75-8 inches in circumference 
I 5—5.25 ounces 


Personal equipment 





Ù 


1 Varies by different game and position played 





1 Required equipment 


All players are required to wear mouthguards. 
In men’s game, helmet with full face mask and 
padded gloves. 
Women are currently only required to wear mouth- 
guards and eye protection, although some wear 
soft helmets (goalies are a notable exception, see 
below). 
“1 Goalies 
Both men’s and women’s games require head, chest, 
and throat protection. 
The stick has a significantly larger net than sticks of 
other players. 
Athletic cup is optional but highly recommended. 
4 Attackmen 
Frequently wear elbow pads, shoulder pads, and rib 
protectors. 
Sticks tend to be shorter. 
4 Defensemen 
Frequently wear less protective gear in the men’s 
game, often only the required helmet, mouthguard, 
and gloves. 
Have a much longer stick than other players. 
4 Midfielders 
Often wear less protection than attackmen. 
May have longer or shorter stick depending on 
specialty (defensive midfielders have longer sticks). 





INJURY EPIDEMIOLOGY (NCAA INJURY 
SURVEILLANCE SYSTEM) 





E The Injury Surveillance System (ISS) was developed by the 


National Collegiate Athletic Association (NCAA) in 1982 to 
monitor collegiate athlete injury patterns (3). 
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The latest data were presented in 2007 as a summary of injury 

patterns from the 1988-1989 season through the 2003—2004 

season in all three NCAA divisions, focusing on 15 different 

sports (4). 

Monitors type of injury, body part injured, severity of injury, 

field type, field condition, and special equipment worn. 

Data are collected by certified athletic trainers at NCAA- 

sanctioned schools. 

Reportable injuries must meet specific criteria (5). 

E Occurs during practice or contest. 

E Requires medical attention by athletic trainer or physician. 

E Causes the student-athlete to miss one or more days of 
participation beyond the day of injury. 

E In 1994, ISS expanded to include data regarding any 
dental injury, regardless of time lost. 

Injury rate 

E Men’s overall (7) 

1 Game — 12.6 per 1,000 athlete exposures (A-E); eighth 

Q Practice — 3.2; twelfth 

E Women’s overall (7) 

4 Game — 7.2; twelfth 

4 Practice — 3.3; eleventh 





Frequency by body part 
E Men’s (5) (Figs. 97.1 and 97.2) 
J Game 
Head/neck: 11.7% 
Upper extremity: 26.2% 
Trunk/back: 11.9% 
Lower extremity: 48.1% 
Other: 2.2% 
m Practice 
Head/neck: 6.2% 
Upper extremity: 16.9% 


Injury During Games — Men’s 










E Head/Neck 
E Upper Extremity 
E Trunk/Back 
C] Lower Extremity 


E Other 


FIGURE 97.1: Injury during games — men. 
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Trunk/back: 14.4% 
Lower extremity: 58.7% 
Other: 3.8% 
E Women’s (14) (Figs. 97.3 and 97.4) 

4 Game 
Head/neck: 21.9% 
Upper extremity: 8.9% 
Trunk/back: 6.1% 
Lower extremity: 61.0% 
Other: 2.2% 

4 Practice 
Head/neck: 12.2% 
Upper extremity: 5.9% 
Trunk/back: 12.0% 





Injury in Practice — Men’s 







Cl Head/Neck 
L] Upper Extremity 
o Trunk/Back 
E Lower Extremity 


E Other 


FIGURE 97.2: Injury in practice — men. 


Lower extremity: 64.3% 

Other: 5.9% 
Men experienced injury rates almost four times as frequently 
in game situations than practice. 
Injury during practice occurred twice as often during the pre- 
season compared with in-season practice for men and women. 
Women had more than twice as many injuries in games than 
practice. 
Specific injury patterns 
E Men’s (5) 

4 Ankle ligament sprain (0.53 A-E), upper leg muscle 
tendon strain (0.37), knee internal derangement 
(0.23), pelvis/hip muscle tendon strain (0.18), and 
concussion (0.12) were the most common injuries 
during practices. 


Injury During Games — Women’s 







iz] Head/Neck 
O Upper Extremity 
O Trunk/Back 
m| Lower Extremity 


E Other 


FIGURE 97.3: Injury during games — women. 
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Injury During Practice — Women’s 





[a] Head/Neck 
C Upper Extremity 
C Trunk/Back 
E Lower Extremity 


C Other 


FIGURE 97.4: Injury in practice — women. 


4 Ankle ligament sprain (1.43 A-E), knee internal derange- 


ment (1.14), concussion (1.08), upper leg contusion 
(1.00), and upper leg muscle tendon strain (0.94) were 
the most common injuries in game situations. 

Players were most likely to be injured while engaging 
in noncontact activity during practice (50%), whereas 
player contact (45.9%) accounted for the most com- 
mon time period to be injured during competition. 


E Women’s (14) 
4 Ankle ligament sprain (0.51 A-E), upper leg muscle 


tendon strain (0.39), knee internal derangement 
(0.20), pelvis/hip muscle tendon strain (0.16), and 
concussion (0.15) were the most common injuries 
during practices. 


80.00% 
70.00% 
60.00% 
50.00% 
40.00% 
30.00% 
20.00% 
10.00% 


Ly 


Ankle ligament sprain (1.62 A-E), knee internal derange- 
ment (1.00), concussion (0.70), upper leg muscle tendon 
strain (0.52), and nasal fracture (0.18) were the most 
common injuries in game situations. 

Players were most likely to be injured while engaging 
in noncontact activity during practice (62%), as well 
as during competition (44.3%). 


E Injuries resulting in 10+ days of activity time loss 


(Fig. 97.5) 


| 


Men’s 
Game (21.0% of all injuries) 
— Internal derangement of knee (27.3%) 


— Acromioclavicular (AC) joint injury (7.3%) 


LI Men’s Game 
L] Men’s Practice 
C] Women’s Game 


L] Women’s Practice 








0.00% 





FIGURE 97.5: Injuries resulting in 10 days or greater loss of participation. AC, acromioclavicular. 
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— Ankle sprain (7.1%) 
— Upper leg muscle tendon strain (5.6%) 
— Other (52.8%) 
Practice (21% of all injuries) 
— Internal derangement of knee (20.5%) 
— Ankle sprain (11.9%) 
— Upper leg muscle tendon strain (8.3%) 
— Other (59.2%) 
Women’s 
Game (21.9% of all injuries) 
— Internal derangement of knee (47.6%) 
— Ankle sprain (14.2%) 
— Other (38.2%) 
Practice (23.9% of all injuries) 
— Lower leg stress fracture (15.8%) 
— Internal derangement of knee (15.1%) 
— Ankle sprain (10.6%) 
— Other (58.5%) 


E Catastrophic injuries (12) 


m 
m) 








Data collected from 1982 to 2009. 

In men’s high school lacrosse, there have been only 
two fatalities (0.21 fatalities per 100,000 participants), 
four nonfatal (permanent severe functional disability) 
injuries (0.42), and seven serious injuries (0.63) 
(significant injury without permanent disability) 
reported as a result of direct competition or practice. 
Seven fatalities (0.73) have occurred as a result of 
indirect contact while playing lacrosse (exertional 
injury or complication of a nonfatal injury). 

In men’s collegiate lacrosse, there have been only four 
fatalities (2.49 fatalities per 100,000 participants), 
five nonfatal (permanent severe functional disability) 
injuries (1.86), and two serious injuries (1.24) (signifi- 
cant injury without permanent disability) reported as 
a result of direct competition or practice. 

Two fatalities (1.24) have occurred as a result of indi- 
rect contact while playing lacrosse (exertional injury 
or complication of a nonfatal injury). 





INJURIES IN LACROSSE 





Noncontact (1,2,9,16) 


E Lower extremity 


E Groin, hamstring, and low back strains 


= 
m) 





m) 


Associated with twisting motion of the torso 
Common motion during passing, shooting, checking, 
and scooping ground balls 

Performed at high speeds and with rapid changes in 
direction 


Sports-Specific Considerations 


(m 


Cryotherapy and strengthening of affected regional 
musculature key in return to play and reducing repeat 
injuries 


E Knee 


(m 


(m 


Similar to other field sports, anterior cruciate ligament 
(ACL) and medial collateral ligament (MCL) injuries 
are not uncommon. 
Account for fewer than 20% of injuries. 
MCL more commonly affected than lateral collat- 
eral ligament. 
Because of the MCLs deep attachment to the 
medial meniscal periphery, meniscal tears should 
be suspected with higher grade MCL injuries. 
Typically the result of force on the lateral aspect of 
knee at full extension, with foot planted. 
May be the result of a lateral blow, but more often 
the result of planting and directional change, 
resulting in intolerable stresses on ligaments. 
Grades I and II may be treated nonsurgically. 
Cryotherapy, hinged braces, and hamstring and 
quad strengthening are mainstays of rehabilitation. 
Recovery may take up to 6 weeks, with hinged brace 
used in competition for 1—2 months for protection. 
Patellofemoral syndrome 
Often seen in female players age 12-15, due to 
anatomic stresses. 
Typically presents as anterior knee pain without 
any physical findings (i.e., instability or effusion). 
Theoretic risk factors include foot pronation, genu 
valgus, rotated or tilted patellae, or an increased 
dynamic Q-angle. 
In the past, focus has been on strengthening of 
medial quadriceps (vastus medialis oblique) and 
hamstrings for prevention and treatment, but now 
it is recognized that excessive femoral anteversion 
as the result of relatively weak hip external rotators 
and adductors may also contribute to maltracking 
of the patella, particularly in women. 
Some significant anatomic abnormalities may re- 
quire surgical intervention to alleviate symptoms. 


E Ankle 


(E 





Accounts for 16.2% of total injuries in NCAA lacrosse 
(1994-1996 ISS). 
Majority are inversion injuries. 
Slight inversion and plantarflexion is the state of least 
stability and the point when injury most often occurs. 
Ligamentous injuries are most common. 
Anterior talofibular ligament, followed by calca- 
neofibular ligament, and then posterior talofibular 
ligament. 
Deltoid ligament injuries are associated with ever- 
sion mechanism. 


Avulsion fractures should be suspected with higher 
grade ligamentous injuries (grade II or higher). 

4 Early mobilization for nonfractures is the key to rapid 

return to healthy play. 

Consider non—weight-bearing exercises (i.e., aqua 
jogging). 
Strengthening of evertors, invertors, plantarflexors, 
and dorsiflexors, as well as hip abductors and 
adductors and extensors. 
Final rehabilitation should include dynamic strength- 
ening focusing on proprioception (i.e., slide board, 
figure-eight running drills). 


Most sprains will recover in 1—3 weeks. 
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Abrasions/turf burns 

1 More common in box lacrosse or competition on 
artificial surfaces. 

4 Padding and lubrication with petroleum jelly on 
at-risk areas may reduce incidence. 

4 Ensure antiseptic cleansing of wound and clean 
dressings to reduce infection risk. 





4 Prepatellar bursitis is a common complication, espe- 
cially in adolescent athletes. 


Blisters 
4 Occur in areas of increased friction. 


4 Petroleum jelly, powders, moleskin, and nylon socks 
under thick socks may all help to reduce friction. 





m Upper extremity 4 Treatment with donut pads to distribute forces away 


from blister; appropriate cleansing of blister (especially 
if it has opened). 


E Much less common 
E Blocker’s exostosis 


4 Most often occurs with repetitive stick-to-body con- 
tact at deltoid insertion. 

1 Use of appropriate shoulder protection (deltoid cup) 
is important in prevention. 





4 Monitoring for myositis ossificans is important (see 
later Contact section). 


Medial and lateral epicondylitis 
4 Usually result of cradling motion in the throwing arm. 


4 Cradling of the ball requires rapid pronation/ 
supination and flexion/extension of the arm. 





4 Stretching of affected muscle groups along with braces 
to reduce strain at tendinous insertions have proven 
effective in treating this injury. 


E Others 
E Exertional heat illness (EHI) 


4 May occur in both field, usually a spring sport, and 
box lacrosse. 


Players with more protective equipment (i.e., goalies) 
are at higher risk. 


Q Hydration is essential. 


o 


Monitor players for signs/symptoms of EHI. 


Provide appropriate water and electrolytes to players 
during games. 





4 Avoid conditions where EHI is more likely. 


Anticipate problems with acclimation in different 
climates/altitudes. 


Identify players at greater risk (higher body mass 
index, slower long-distance run times). 

Consider screening for sickle cell trait in higher risk 
ethnicities, because mortality is higher in EHI with 
those carrying the trait. 


Players showing signs of EHI should be immedi- 
ately removed from play, equipment should be re- 
moved, and measures should be taken to decrease 
body temperature. 


Anterior tibial shin splints 
Q Overuse injury. 


4 Associated with fatiguing tibialis anterior that spasms 
with eccentrically decelerating forefoot. 


Q Irritation of fascia or anterior border of tibia results. 

1 Prevention revolves around proper stretching. 

Turf toe 

1 Hyperextension of first metatarsal. 

T Associated with rapid deceleration, commonly on 

artificial turf. 

4 Results in a sprain of the plantar capsuloligamentous 
complex of the hallux metatarsophalangeal joint. 

I Prevention with proper shoe fit allowing some toe and 
forefoot movement. 





Limiting hyperextension by taping is appropriate 
treatment to allow for return to play. 


Contact 


E Lower extremity 


Much less common 

Most often associated with stick-to-body or ball-to-body 

contact 

Contusions are common 

Q May result from contact with hard rubber ball, which 
may be propelled at up to 100 miles per hour. 

4 Player controlling the ball is often repeatedly hit in the 
upper torso and extremities by the defender’s stick. 

I Treated by standard PRICEMM (protection, rest, ice, 
compression, elevation, modalities, medication); may 
cover area with donut protection to distribute future 
forces to area around injury. 





“1 May be complicated by myositis ossificans. 


Inflammatory bony deposition in muscle from 
repetitive trauma. 
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Often occurs in vastus lateralis and deltoid inser- 
tion of humerus. 

Areas receiving repeated trauma should be pro- 
tected with donut and hard plate over area. 


E Upper extremity 


E Olecranon bursitis 


Q Often stick-to-body or body-to-ground contact 


1 Many players do not wear elbow pads and are thus 
more susceptible to this injury. 





Q Drainage of bursal fluid allows for improvement of 
symptoms and may respond to steroid injection into 
bursal sac; protective gear (i.e., elbow pads) reduces 
risk of further complications. 

AC separation 

T Associated with checks into the boards (box lacrosse), 
stick-to-body contact with a downward blow to the 
outer aspect of the shoulder, and fall on the out- 
stretched hand (FOOSH) mechanisms. 

Q Specific taping systems have been used to allow for 
reduction in pain with movement to encourage earlier 
mobilization. 

Q AC immobilizers can be helpful in limiting movement 
of the joint to reduce pain. 





Q Activity without pain is key factor in determining 
return to play. 
Clavicular fracture 


Frequently the result of a direct blow from an oppo- 
nent’s crosse. 





Q Usually can be treated with a sling for comfort, 
although some experts encourage fixation, espe- 
cially when significant shortening (> 1.5 cm) has 
occurred. External fixation is rarely successful and 
discouraged (15). 

Scaphoid fracture 

1 Most often from FOOSH injury. 

Q Immobilization is appropriate treatment. 

Hamate fracture (8) 

Q Typically the “hook” of the hamate. 





Q Results from sudden deceleration of the crosse stick 
within the grip of the hand, such as when a player’s 
stick is stopped by another’s while shooting or 
passing. 

Q Best identified with a “carpal tunnel view” on plain 
film or computed tomography. 





Q Often heals with time and symptomatic treatment, 
but cases with chronic pain may improve with surgical 
excision of the avulsed tip. 

Metacarpal, phalangeal, and interphalangeal joint 

dislocations 


4 Immediate traction and reduction are ideal. 





Q Often associated with stick checking or falls where the 
stick traps the hand/fingers in pathologic manner. 


Gamekeeper’s or skier’s thumb 
Associated typically with falls in which the thumb is 
trapped by the stick. 


L 


Hyperextension results in a tear of the ulnar collateral 
ligament. 





1 May be complicated by retraction of the ulnar collateral 
ligament under the adductor aponeurosis, thus impair- 
ing reattachment to the proximal phalanx (Stener lesion). 


Forearm fractures 


Q Either from stick-to-body contact during checking or 
from FOOSH injuries. 
1 Immobilization is mainstay of treatment. 





Q Surgical reduction and fixation may be required 
depending on severity of injury. 

Shoulder subluxation/dislocation 

4 Anterior instability is the most common and most 
often occurs when a significant force is applied to an 
abducted and externally rotated shoulder (as when a 
player is passing or shooting). 

4 Although rare (2%—4% of dislocations), posterior 
instability can also occur, especially when a force is 
applied as the shoulder is flexed, adducted, and inter- 
nally rotated, which occurs especially with defensive 
players as they push an attacker out of position (11). 

4 An experienced practitioner may attempt a manual 
relocation on the sideline, as this may be easier prior 
to the posttraumatic spasming of the musculature. 
It is essential to assess for neurovascular integrity after 
relocating the joint, and it is highly advisable to get 
plain films to assess for any bony fracture (i.e., Hill- 
Sachs deformity or bony Bankart lesion). 

2 Treatment should start with aggressive physical ther- 
apy to strengthen the stabilizing muscles around the 
joint, although some surgeons have recommended 
surgical stabilization even for first-time dislocators, 
because the rate of redislocation is high. Risks and 
benefits should be discussed with the patient. 

Shoulder burners (stingers) 

. Commonly result from stick-to-body contact with a 
check to the shoulder or a fall onto head or shoulder. 

1 Downward, forward depression of the shoulder. 


[m 


Often present with acute, shooting, shock-like pain in 
extremity. 
Q May have some transient motor deficits. 


oO 


Typically resolve without complication. 





Q Bilateral burners are almost exclusively the result of a more 
central spinal cord injury and should be evaluated as such. 


E Others 


E Lacerations 


1 Pressure, hemostasis, and suturing if needed 
Nose bleeds 
4 Hold head forward (player may choke on own blood). 





Q Put pressure on lower two-thirds of nostrils. 


4 Packing may aid in tamponading bleed. 


Packing may be soaked with a vasoconstrictor 
(i.e., oxymetazoline) to aid in hemostasis. 


Concussions (10) 


Head injuries account for 8.6% of game-time men’s 
lacrosse injuries (5). 





Lacrosse helmets are designed to deflect blows from a 
stick or ball but are not meant to protect against high- 
velocity impacts, like being thrust into the boards (box 
lacrosse) or impact into the ground. 

4 Also common when players are crouched down for 
scooping ground balls and are struck by another player. 





1 Most recent recommendations for concussion man- 
agement encourage abandoning prior grading of 
concussions. 





4 When in doubt, withhold player from play until 
symptom-free and a graded exercise progression is 
completed without resumption of symptoms. 

Eye injuries (18,19) 

4) Much more common in women’s lacrosse due to 
minimal protective gear. 

It is felt that appropriate enforcement of the rules 
for contact will minimize eye and facial injuries. 
Eye protection recently has been mandated by 
the NCAA, significantly reducing the number of 
injuries (14). 

Q May be the result of contact with ball or inadvertent 
stick contact. 





Traumatic eye injuries should be referred for imme- 
diate ophthalmologic examination. 


Sunken eyes or extraocular muscle deficiencies 
may represent periorbital skull fractures. 


Assessment for associated closed head injury may 
be warranted. 


Rib fractures and abdominal trauma 
4 Most commonly from stick checking. 


Q Injuries to abdominal organs are uncommon but should 
be entertained in cases of significant abdominal pain. 


1 Rib padding may offer some protection. 
Throat trauma 
Q Usually the result of the ball striking the throat. 


4 Goalies are most at risk. 





4 Throat deflectors significantly reduce the incidence of 
injury. 

Goalkeeper’s thumb (6) 

Q Fracture of distal or proximal phalanx of thumb. 


4 Typically results from impact of ball directly on extend- 
ing thumb as goalie is attempting to save shot on goal. 


4 May require surgical fixation or immobilization. 





4 May be prevented with rigid covering over distal end 
of thumb. 


CHAPTER 97 Lacrosse 669 





REFERENCES 





10 


ll. 


12. 


13: 


14. 


15. 


16. 


17. 


18. 


19. 


. Bartlett B, Cress D, Bull RC. Lacrosse. In: Bull RC, editor. Handbook of 


Sports Injuries. New York: McGraw-Hill, Health Professions Division; 
1991. p. 423-51. 


. Casazza BA, Rossner K. Baseball/lacrosse injuries. Phys Med Rehabil 


Clin N Am. 1999;10(1):141-57, vii. 


. Dick R, Agel J, Marshall SW. National Collegiate Athletic Association 


Injury Surveillance System commentaries: introduction and methods. 
J Athl Train. 2009;44(2):173-82. 


. Dick R, Lincoln AE, Agel J, Carter EA, Marshall SW, Hinton RY. 


Descriptive epidemiology of collegiate women’s lacrosse injuries: 
National Collegiate Athletic Association Injury Surveillance System, 
1988-1989 through 2003-2004. J Athl Train. 2007;42(2):262-9. 


. Dick R, Romani WA, Agel J, Case JG, Marshall SW. Descriptive epidemi- 


ology of collegiate men’s lacrosse injuries: National Collegiate Athletic 
Association Injury Surveillance System, 1988-1989 through 2003-2004. 
J Athl Train. 2007;42(2):255-61. 


. Elkousy HA, Janssen H, Ferraro J, Levin LS, Speer K. Lacrosse goal- 


keeper’s thumb. A preventable injury. Am J Sports Med. 2000;28(3): 
317-21. 


. Hootman JM, Dick R, Agel J. Epidemiology of collegiate injuries for 


15 sports: summary and recommendations for injury prevention 
initiatives. J Athl Train. 2007;42(2):311-9. 


. Ingari JV. Wrist and hand. In: DeLee JC, Drez D, Miller MD, editors. 


DeLee & Drez’s Orthopaedic Sports Medicine: Principles and Practice. 
New York: Saunders; 2009. p. 1340-7. 


. Matthews LS, Hinton RY, Burke N. Lacrosse. In: Fu FH, Stone DA, 


editors. Sports Injuries: Mechanisms, Prevention and Treatment. 
Philadelphia: Lippincott Williams & Wilkins; 2001. p. 568-82. 


. McCrory P, Meeuwisse W, Johnston K, et al. Consensus statement on 


Concussion in Sport 3rd International Conference on Concussion in 
Sport held in Zurich, November 2008. Clin J Sport Med. 2009;19(3): 
185-200. 

McMahon PJ, Debski RE. Shoulder. In: DeLee JC, Drez D, Miller MD, 
editors. DeLee & Drez’s Orthopedic Sports Medicine: Principles and 
Practice. New York: Saunders; 2009. p. 924-6. 

National Center for Catastrophic Sport Injury [Internet]. Chapel Hill 
NC): NCCSIR Data Tables; [cited 16 May 2011]. Available from: http:// 
www.unc.edu/depts/nccsi/index.htm. 

NCAA Web site [Internet]. Indianapolis (IN): NCAA Publications; 
cited 14 May 2011]. Available from: http://www.ncaapublications.com/ 
productdownloads/LC12.pdf. 

NCAA Web site [Internet]. Indianapolis (IN): NCAA Publications; 
cited 16 May 2011]. Available from: http://www.ncaapublications.com/ 
productdownloads/WLCO09. pdf. 

Ring D, Jupiter JB. Injuries to the shoulder girdle. In: Browner BD, 
Jupiter JB, Levine AM, Trafton PG, Krettek C, editors. Skeletal Trauma: 
Basic Science, Management and Reconstruction. New York: Saunders; 
2008. p. 1767-9. 

Sherbondy PS. Lacrosse. In: Mellion MB, Walsh WM, Madden C, 
Putukian M, Shelton GL, editors. Team Physicians Handbook. 3rd ed. 
Philadelphia: Hanley & Belfus; 2002. p. 759-65. 

US Lacrosse Web site [Internet]. Baltimore (MD): US Lacrosse; [cited 
14 May 2011]. Available from: http://www.lacrosse.org. 





Waicus KM, Smith BW. Eye injuries in women’s lacrosse players. Clin J 
Sport Med. 2002;12(1):24-9. 

Webster DA, Bayliss GV, Spadaro JA. Head and face injuries in scho- 
lastic women’s lacrosse with and without eyewear. Med Sci Sports Exerc. 
1999;31(7):938-41. 








Peter H. Seidenberg and Rochelle M. Nolte 


Rugby Injuries 








INTRODUCTION MATCH 
ŒE Rugby union is a fast-paced contact-collision game with the E Goals (12) 
continuous pace of soccer combined with contact situations E Whereas American football is a game of yardage, rugby 


similar to those seen in American football. 
E It is the fastest growing amateur sport in the United States. 
E There are greater than 90,000 members in USA Rugby 


(the governing body for Rugby Union in the United 
States) (30). 


E There are 7 territorial unions and 34 local area unions. 


E The USA national men’s team (the Eagles) was estab- 
lished in 1976, and the women’s team was established 
in 1987. 


ŒE Rugby is played in over 150 countries worldwide and has a 
strong tradition in Great Britain, New Zealand, Australia, 
and South Africa. 

E Its popularity is second only to soccer in the world (14). 

E World Cup competition occurs every 4 years. 

E There are similar sports that are sometimes confused with 
rugby union such as rugby league and Australian Rules foot- 
ball, which will not be discussed in this chapter. 





HISTORY 





E Invented in 1832 when William Webb Ellis picked up the 
ball and advanced it in a soccer match at Rugby College in 
England. The only way to stop the runner was to tackle him 
or her (6). 


E American football is thought to have been birthed from 
rugby in the late 19th century. 


E It was an Olympic sport from 1900 to 1924 (27). 
E The United States won the gold medal in 1920 and 1924. 


E After 1924, it was no longer an Olympic sport, and this was 
followed by decreased popularity in the United States (27). 

E In October 2009, the International Olympic Committee 
announced that rugby sevens (the seven-a-side version of the 
game) will appear in the 2016 Olympic Games (27). 
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union is a game of possession. 

The player with possession of the ball is the front-most 
player on the attacking team. He or she may advance 
the ball by running with the ball, kicking it forward, or 
passing it backward or laterally to another player on his 
or her team. 

1 All teammates are behind the ball carrier in support. 


Q Unlike American football, blocking for the ball car- 
rier is not permitted and is penalized as obstruction. 





The objective is to maintain control of the ball and touch 

it down in the try zone (the rugby equivalent of the 

American football end zone). 

1 Once crossing the try line, the player must touch the 
ball down on the ground in order to register a try, 
which is worth 5 points. 





ou 


The try entitles the scoring team to attempt to kick 
the ball through the goal posts directly back from the 
point the ball was touched down in the try zone, which 
is worth another 2 points. 

An offensive player may also attempt to drop-kick the 
ball through the goal posts during open play, which is 
worth 3 points. 


If a penalty occurs, an attempt to kick to the ball through 
the goal posts is allowed from a ball placed at the point of 
the foul. 

The team with the maximum points at the end of the 
match is the victor. 

A typical game requires the athlete to cover a distance of 
5-8 km, running at speeds up to 5-8 m : s™! (comparable 
to soccer) (5). 

In addition, the rugby player is involved in more than one 
to two episodes of collision contact per minute (5). 


1 These equate to approximately 40 tackles and up to 
70 rucks and mauls per game. 





A The forwards sustain an additional 30 scrums and 
40 line outs per game. 


E There are few substitutions allowed. The mean duration 
of high-intensity work (sprinting or contact) is 38 seconds 
per minute, with an average workload of 51 minutes per 
80-minute match. In comparison, the average American 
football game has only 10 minutes of contact or signifi- 
cant exertion per game (5). 

E Pitch: The rugby field is called the pitch (12). 

E The rectangular field of play (which excludes the goal 
zones) does not exceed 70 meters in width and 100 meters 
in length. 

E Each try zone is the same width as the remainder of the 
pitch and is between 10 and 22 meters in depth. 

E The pitch has the following solid lines: 

Q Halfway line or midfield line (half the distance between 
the try lines) 

Ten-meter lines on each side of the halfway line 
Twenty-meter lines (22 meters from the try lines) 

Try lines 

Dead ball lines (at the deepest portion of the try zone) 


C O ee U 


Touch lines (side lines) 
E Dashed lines 
4 Positioned 5 and 15 meters parallel to the touch lines 





E The goal posts are on the goal line and are in the field of 
play. 

1 The distance between the posts is 5.6 meters in width 
with a minimum height of 3.4 meters. 


4 The crossbar is 3.0 meters from the ground. 





4 The posts should be padded (because players can col- 
lide with them as they are in the field of play). 


E Rules (12) 
E The match is divided into two 40-minute halves with a 
5- to 10-minute half time. 


E A player who leaves the match and is substituted may not 
return to the match. 


“1 Exception: A player may be substituted for a maximum 
of 15 minutes for control of bleeding from an injury. 
After bleeding is controlled, he or she may then return 
to play. This is commonly referred to as a blood sub. 

L Exception: A referee may permit a substituted tight 
five player to return to the match to replace an injured 
player if no eligible player on the team is experienced 
in these skilled positions. 

E The play clock runs continuously. 

E There is one referee to monitor play. 

Play is stopped only for a penalty, the ball leaving field 
of play, a score, or a serious injury (in the referee’s 
judgment). 





1 The referee may summon a medical attendant onto the 
pitch or may allow the player to temporarily leave the 
pitch for medical evaluation. 
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4 Even though a medical attendant may be on the pitch 
evaluating an injured player, the referee may allow play 
to continue around the injured player. 





1 The medical attendant does not have the power to stop 
play but does have the ability to determine whether an 
injured player is allowed to continue to play. 

Rules have been instituted to decrease the incidence of neck 

injury in rugby union. The following actions are illegal: 

High tackles above the level of the shoulders. 

 Spearing. 

4 Leaving your feet to make a tackle. 

4 Tackling a player who is in the follow-through phase 
of kicking a ball. 

0 Tackling a player who has jumped in the air to catch 
a ball. 

4 The tackler must wrap the opposing ball carrier with 
arms or grasp the player with hands. Tacklers cannot 
merely hit the opponent with a shoulder or shove him 
or her. 





4 This rule separates rugby union from other contact- 
collision sports. 





J Laws are periodically reviewed and revised by the inter- 
national rugby board to enhance safety and improve the 
flow of the game. 


Positions (12) 


There are 15 players on each team with specific positions 
and responsibilities (12). 

Each team ideally has at least five to seven substitutes 
available. 

The players numbered 1 through 8 are the forwards. 


“1 They are generally responsible for gaining and main- 
taining possession of the ball. 


Players numbered 9 through 15 are the backs. 


L They are generally responsible for advancing the ball 
down the field and defending the open field. 


Props 

Q Position no. 1 — Loose head prop 

J Position no. 3 — Tight head prop 

One of three people of the front row, which includes 
two props on either side of a hooker 

4 They are responsible for the stability and strength of 
the front row. 





4 They are generally the stoutest and least aerobically fit 
players on the pitch (25). 

Hooker 

Position no. 2 


“1 Responsible for hooking (securing the ball with feet) 
during the scrum 





4 Hooker is in the middle position of the front row of 
the scrum and is tightly supported by the props on 
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either side, who support the hooker so his or her feet 
are off the ground. This enables the hooker to hook 
the ball backward during the scrum. 

4 Hooker is usually slightly shorter and lighter than the 
props to provide a stable front row platform; however, 
at elite levels, this stereotype is not necessarily true. 


E Second row/locks 


A Positions no. 4 and 5 


They are responsible for providing the driving force to 
the front row of the scrum. 


Q Typically, they are the jumpers for the line out. 

Q Generally, they are the tallest players on the pitch. 
Q The second and first rows make up the tight five. 
Flanker/wing forward 

Q Positions no. 6 and 7 


1 Together with the eightman, they make up the loose 
forwards. 


Q Typically, they are the first players to leave a scrum. 


Generally, they are the best tacklers and all-around 
athletes on the team. 


Q Ideal flanker has both size and speed. 

Eightman 

Q Position no. 8 

| Eightman is at the rear end of the scrum and has his or 
her head between the second row players. 

Q He or she is responsible for providing stability and 
drive to the scrum. 


(E 


Generally, the eightman is the tallest loose forward. 


“1 He or she needs to be able to reach around the locks to 
hold them securely together. 





1 The eightman is responsible for controlling the ball 
at the rear of the scrum until the scrumhalf retrieves 
the ball. 


Scrumhalf 

Q Position no. 9 

Q Acts as the quarterback of the forwards. 

Q Responsible for offensive and defensive strategy of the 
forwards during loose play. 

“1 Secures the ball from the scrum, rucks, mauls, and 
tackles. 

Q Responsible for delivering the ball to the backs for 
open-field play. 

4 Responsible for placing the ball in the tunnel (see 
scrum below). 





Q The scrumhalf is usually smaller and quicker than the 
other forwards and has a fast and accurate pass. 


m Flyhalf 


“I Position no. 10 


Q Acts as the quarterback of the backs and is the first 
player in the back line. 
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Q Is responsible for calling back plays. 





Q Generally, the flyhalf is smaller and lighter than other 
backs with good passing and kicking ability. 
Centers 


oO 


Position no. 12 — inside center 


(m 


Position no. 13 — outside center 


(E 


Generally the larger and more physical backs. 





[m 


They are often called upon to crash into the com- 
petition by intentionally running into defenders to 
establish a ruck or maul. 


Wings 
A Positions no. 11 and 14 





Generally the players who are the quickest and most 
elusive on the team. They are required to outrun the 
opposition in open-field play. 

Fullback 

Q Position no. 15 

Q The last line of defense in rugby. 


(E 


Has responsibilities similar to the safety, punter, and 
punt returner of American football. 

Q Essential skills include being able to field a kicked ball, 
kick for distance and accuracy, and consistently tackle 
in the open field. 





E Formations 


E Scrum 


Q This aspect of the game is tightly controlled by the 
referee to prevent injury. 

1 In preparation for the scrum, each pack assembles 
under the directions of their individual hooker. 

1 After both teams are assembled and stable in the 
crouched position, the referee will call “Engage!” 





Engagement is when the two scrums come together 
forming a tunnel between the front row players. 


The referee calling “engage” is a recent change to 
enhance safety in the scrum. Previously, the scrums 
would come together at the end of a cadence called 
by the hooker of the attacking team. This change 
was in response to cervical spine injuries that were 
being reported as result of a powered engagement. 


(E 


The scrumhalf introduces the ball into the tunnel. 
4 The hookers attempt to hook (kick) the ball backward 
to their own team. 


After the ball has traveled to the rear of the scrum, the 
ball can be picked up for advancement. 


Oo 


The scrum is used to restart play after the referee has 
stopped play for minor infringements and at other 
points in the match. 





oO 


Strategically, it is used both offensively and defen- 
sively (21). 

Offense > base for attacking play 

Defense — denying the opponents clean possession 


The stability of the scrum is determined by the 
front row’s ability to use their strength to transmit 
the force to their opponents (21). 

E Line out 


1 Used to restart play after the ball has gone into touch 
(out of bounds). 


1 There are two to seven forwards from each team 
arranged in parallel lines that are perpendicular to the 
touch line. 

4 The hooker throws the ball into the tunnel formed by 

the standing forwards of both teams. 

4 Each team has jumpers who will fight for possession of 

the thrown ball. 


1 The jumper is assisted by lifters — two players who 
grab the jumper above the knees (usually by the shorts) 
and lift him or her into the air. The lifters also ensure 
a controlled return to the ground after the jumper has 
caught the ball. Afterward, a maul (see below) is usu- 
ally formed. 

E Maul 

4 Is formed when the ball carried is stopped by a defender 

but not taken to the ground. 





Players from both teams attempt to drive the maul 
down the field by binding to each other and giving a 
unified push. 

4 Both sides attempt to grab the ball out of the maul to 
restart open-field play. 

E Ruck 

Is formed when a player is tackled and brought to the 
ground. 





4 The tackled player releases the ball on the ground. 

4 The opposing teams come together over the top of the 
ball in an attempt to drive the other team backward 
away from the ball. 





T One team must drive the other team completely off 
the ball before the ball can be picked up. 


E Equipment 


E Ball: ovoid ball that is somewhat larger and rounder than 
a football 


E Boots: the rugby cleats 
1 Typically have removable studs or molded multistudded 
rubber soles and have cleats similar to soccer. Single-toe 
cleats (as in baseball) are not permitted. 
E No braces containing metal or hard plastic of any kind 
(including knee braces) are permitted. 
E Unlike American football, casts or splints are not permitted 
to be worn during play. 
E No jewelry, earrings, hair devices (other than elastic bands), 
or eye wear (other than contact lenses) are permitted. 
E Optional equipment: 
4 Shoulder pads: Generally a padded pull over top with 
a maximum thickness of 1/2 inch of foam padding. 
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4 Mitts: Fingerless gloves 


Soft headgear: Scrumcap for ear protection to prevent 
ear trauma 


1 Mouthguard 
Highly suggested 





Mandatory for high school and below 


4 Shin guards: Thin, 0.5-cm soft padding only (no hard 
plastic) may be worn under the rugby socks. 





+ Women may wear chest pads; generally similar to 
shoulder pads, except padding extends down the front 
of the chest. 





4 Some authors suggest that a lack of regulation man- 
dating protective equipment has resulted in an injury 
rate three times that of American football (17). This 
statement, however, does not take into account the 
vastly differing styles of play between the two sports. 
Other studies have found a lesser injury rate than 
American football (10). 





EPIDEMIOLOGY 





E In rugby union, estimated injury incidence has doubled in 
the last 40 years (7). 


E However, current studies on rugby injury incidence demon- 
strate a lack of a standardized definition for injury, resulting 
in the discrepancies seen in the literature with reports ranging 
from 32 to 218 injuries per 1,000 player-hours of exposure 
(1-3,9,11,20,29) or an incidence of injury of 1.45 per 100 player 
appearances (6). 

E Injury rates in collegiate and men’s club teams range from 13 
to 30 per 1,000 game hours. 


E Injury rate for youth rugby (< 18 years old) is generally 8—10 

per 1,000 game hours (5,16). 

E Concussion is the most common head or neck injury, 
with an incidence of 4 per 1,000 game hours, and is 
responsible for approximately 25% of all injuries in this 
age group. There is a mandatory 21-day recovery period 
for concussion unless the athlete is asymptomatic and 
cleared prior to that time period by a physician. 


E Injuries in women occur with less frequency. The ratio of 
injures in men to women is 4:3. 
E The exception may be anterior cruciate ligament (ACL) 

injury (13). 

E Game play produces a greater number and severity of injuries 
compared to practice (1,3,29). 

E Higher body mass index has been associated with a higher 
injury rate (22). 

E Tackling has been cited as the major cause of injury 
(1,3,6,8,28,29). 


E The player being tackled has twice the injury incidence of 
the tackler (3). 
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E The player with the lower momentum is four times 
more likely to be injured than the player with the higher 
momentum (3). 


E There is a higher rate of tackling injury when two or 
more tacklers simultaneously make contact with the ball 
carrier (19). 


Sprains, strains, contusions, abrasions, and lacerations are to 
be expected in rugby (1,3,6,9,29). 


The New Zealand Injury and Performance Project found that 
the location of injuries in this sport is widespread through- 
out the entire body (8). The following are the percentages of 
players who reported an injury at each of the following sites 
in the previous 12 months. 


E Head/skull/inner ear: 10% 
Face/outer ear/eye: 19% 
Neck: 11% 
Shoulder/clavicle: 21% 
Back: 17% 

Chest and abdomen: 4% 
Arm/elbow: 1% 
Wrist/hand/finger: 4% 
Pelvis/hip/groin: 2% 
Thumb: 18% 

Upper leg: 19% 

Knee: 17% 

Lower leg: 17% 

Ankle: 24% 
Heel/foot/toe: 1% 


The same study examined the total number of rugby inju- 
ries in a year and found the following total distribution of 
injuries (8): 


E Sprains, strains, and other soft tissue injury: 74% 

Laceration or abrasion: 10% 

Fracture: 7% 

Closed head injury: 5% 

Other: 4% 

Australia, New Zealand, South Africa, and the United 

Kingdom have published papers on the incidence of in- 

juries in rugby for varying age and skill levels (1,3,6—9,22, 

23,25,26,29,31). The following is an attempted aggregate 

of the data compiled by Brooks and Kemp (4). The read- 

er should note that this is limited by lack of standardized 

methods for defining injury. 

E Lower limb injuries: 41%-55% 

4 The lower limb accounts not only for the highest 

number of injuries, but also the most severe injuries 
(measured by time lost from participation). 


4 The knee seemed to have the most injuries of the 
lower limb, with medial collateral ligament (MCL), 
meniscus, and extensor mechanism injuries being 
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the most common. However, ACL and MCL injuries 
resulted in the longest periods of absence from sport. 

The thigh injuries were predominantly hematomas 
and hamstring strains. 





4 Ankle injuries were mostly lateral ligament sprains 
and Achilles tendon injuries. 


E Head and noncatastrophic neck injuries: 12%-33% 


1 Lacerations and concussions were the most common, 
followed by facial fractures. 





A However, it should be noted that concussion is often 
underreported due to a lack of knowledge of the 
symptoms of concussion and/or due to a delay in 
diagnosis (14). 

E Upper limb injuries: 15%-24% (4) 

4 The shoulder experienced the greatest number of 
upper limb injuries, and the damage was dispropor- 
tionately severe. Acromioclavicular (AC) joint sprain 
and rotator cuff strain were the most common, but 
shoulder instability and dislocation caused the longest 
absences from participation. 


In the United States, Wetzler et al. (32) published a retro- 

spective study of cervical spine injuries that occurred during 

the rugby scrum from 1970 to 1996. 

E Fifty-eight percent of rugby cervical spine injuries oc- 
curred during the scrum. 

E Sixty-four percent of the above injuries occurred during 
engagement. 


E Only 36% of the above injuries occurred when the scrum 
collapsed. 


=E Hookers accounted for 78% of injured players, and props 
accounted for 19% of injured players. Second row players 
accounted for the remaining 3%. 


In the United States, 47.5% of all rugby cervical spine injuries 
occurred in hookers versus 18.6% outside of the United States. 


There were 57.6% of U.S. catastrophic rugby injuries that 
occur in the scrum, in contrast to 41.5% outside of the 
United States (6,32). 


It is theorized that the discrepancy may be due to the fact 

that most rugby players in the United States learn to play 

the sport at college age or older. This is in contrast to other 

countries where rugby skills and techniques are learned at a 

much younger age (32). 

Swain et al. (28) prospectively evaluated neck injury in 

Australian amateur rugby. Their data show that the majority 

of neck injuries (42.5%) occur in the tackling phase of play. 

E This was true of all positions, with the exception of the 
front row (especially hooker), which had the majority of 
neck injuries during the scrum. 

E There was no statistical difference between the phase of 
play and the severity of neck injury. 

E The greatest number of neck injuries occurred during 
game play (85.6%). 


E In the United States, there is not a good database for rugby 


injuries other than catastrophic injuries. USA Rugby is 
attempting to compile injury data through a standardized 
reporting system (30). 


INJURIES BY POSITION 





E The front row is most susceptible to injury during a scrum. 


E When the ball is put into play during a scrum, the 
necks of the front row are already in a position of slight 
flexion. 

E The two opposing scrums are applying an axial force 
on the cervical spines that is equivalent to 0.5-1.5 tons 
(6,21). 

E Collapse is often related to the following (21): 

Inappropriately vertical force vectors during engagement 

Poor field conditions with poor traction 

Inexperience 

Fatigue 

Playing with injury 





D O U O-O wv 


Opposing scrum mismatch in terms of size, ability, 
strength, and experience 
The second row is susceptible to the following injuries: 


E Neck injury — for the same reasons as the front row but 
to a lesser extent 


E Auricular hematomas, ear avulsions, and head lacera- 
tions, because their heads are positioned between the 
thighs of the front row players 


E Often wear scrumcaps or an electrical tape headband to 
secure their ears to the side of their head 

E Susceptible to injuries when they are being lifted during 
line outs 

Flanker/wing forward 

E Susceptible to injuries in the tackling situation 

E High incidence of AC joint injuries 

Eightman: susceptible to similar head and facial injuries as 

the locks because of his or her head position between the 

locks. 


Scrumhalf: susceptible to contact injuries while attempting 

to secure the ball. 

Pack (positions 1-9): at risk for contact knee injuries (6). 

Backs (positions 10-15) (6) 

E At risk for contact and noncontact knee injuries 

E Susceptible to injury of the head, neck, and shoulders 
during tackling 

In rucks, the players on the ground are at risk for abrasions, 

lacerations, contusions, and orofacial trauma from the cleats 

of other players. 


In mauls and rucks, all players are susceptible to hand and 
finger injuries from binding to each other’s jerseys. 
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E During tackling, players are at risk for the same injuries as 
other collision sports. 





PREVENTION 





E Locks often wear scrumcaps or electrical tape headbands 
to secure their ears to the side of their head to prevent ear 
injuries. 

E Some players wear shoulder pads to attempt to prevent AC 
joint injuries. 

E There are currently limited studies to date that show the 
above measures have prevented injury. Marshall et al. (15) 
found that mouthguards and padded headgear prevented 
orofacial and scalp injuries. 


E Unfortunately, the use of padded headgear has no effect on 
concussion incidence (15,18). 


Œ Marshall et al. (15) also found that support sleeves may 
decrease sprains and strains. 


E It is apparent that more prospective research is needed on 
injury prevention. 


E On the rugby boots, no toe cleats (like baseball cleats) are 
allowed. 


E Tackled players are frequently on the ground underneath 
players from both teams who are attempting to secure the 
ball with their feet. As such, toe cleats would increase the 
risk of lacerations to players on the ground. 


E The referee conducts a safety inspection of the pitch and all 
players prior to the match. 


E The referee may prohibit a player from participating 
if unsafe footwear, uniform, illegal equipment, or long 
fingernails are found. 


E Medical personnel are encouraged to join the referee for 
the inspection. 


E Because tight five players have the highest incidence of 
cervical spine injury in the United States, they should have 
extensive practice and instruction prior to competition. 


E Depowering the scrum or having uncontested scrums in 
less experienced play may decrease the risk of cervical spine 
injury. 

E Because fatigue is thought to be a risk factor for injury, all 
players should maintain a high level of fitness (21). 


E USA Rugby encourages all coaches to complete a series of 
coaching clinics. These clinics will arm coaches with tech- 
niques to provide proper instruction on some of the more 
complex skills and techniques of the game. 

ŒE A standardized coach and referee educational program has 
been shown in New Zealand to decrease catastrophic neck 
injuries (24). Similar initiatives should be instituted interna- 
tionally to prevent neck injury in rugby union. 

E More evidence-based research is needed on injury epidemi- 
ology and injury prevention. 
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SIDELINE PREPAREDNESS 





E Because the spectrum of injury in rugby union is wide, the 
physician covering this sport must be well rounded and pre- 
pared to handle the variety of acute injuries. 


E The nature of the substitution rules of rugby places more 
pressure on a sideline physician to make a timely decision on 
fitness to play. Prompt and accurate evaluation is therefore 
critical. The game continues without a substitution while 
the physician is evaluating the injured athlete. If another 
player replaces the injured rugger, he or she cannot return 
to the match, even if physically capable. Therefore, the coach 
relies on the physician to tell him or her whether to play one 
man down until the injured person returns or whether a 
permanent substitution needs to be made. 


E There is a delicate balance between not prematurely removing 
an athlete from play versus minimizing the time the team 
competes one man short while the physician is performing the 
evaluation. 

E Lacerations deserve special mention because the team physi- 
cian’s proficiency in attending to a bleeding wound within 
the allotted “blood sub” time of 15 minutes will determine 
whether an athlete is able to return to play. 


E Although rare, catastrophic injury has been reported in rugby 
union play. An emergency response plan should be preestab- 
lished in case of such a situation. 

E The USA Rugby and the International Rugby Board Web sites 
have sections for medical providers that provide good infor- 
mation for those interested in providing sideline coverage 
for rugby union (http://www.usarugby.org and http://www. 
irbplayerwelfare.com). 
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Running 


Robert Wilder and Francis G. O’Connor 





EPIDEMIOLOGY OF RUNNING 
INJURIES (160) 


E There are over 30 million runners, of whom more than 
10 million run on more than 100 days per year. 

E One million enter competitive races per year (39,68,155). 

E Yearly injury incidence rate ranges from 29.5% to 56% (39,68, 
87,145,155,157). 

E Injury rate ranges from 2.5 to 5.8 injuries per 1,000 hours of 
running (39,87,155). The lower rate of 2.5 per 1,000 hours is 
seen in long-distance and marathon runners. Sprinters have 
the highest rate of 5.8 injuries per 1,000 hours, and middle- 
distance runners are between the two at 5.6 injuries per 
1,000 hours (87). 

E Despite the relatively high incidence rate of running injuries 
per runner per year, this incidence rate is still two to six times 
lower than in other sports (39,155). 


Common Injury Sites 


E Most running injuries are musculoskeletal overuse syn- 
dromes (Table 99.1); 70%—80% occur from the knee down. 

E Back: 5% 

E Hip and groin: 15% 
E Knee: 40% 

E Lower leg: 20% 

E Foot and ankle: 20% 

E Although there are no age- or gender-related differences, 
there are differences in injury pattern between sprinters, mid- 
dle-distance runners, and long-distance runners. Hamstring 
strains and tendinitis are more commonly seen in sprinters; 
backache and hip problems are more commonly seen in mid- 
dle-distance runners; and foot problems are more common 
among long-distance and marathon runners (87,121). 


Risk Factors for Running Injuries (26,27,44, 
72,88,146,154,159,160,165) 


E Important risk factors (for which a clear association with 
injury has been identified) 
E Training miles per week (risk increases at 19 miles per week 
and increases more sharply at 40 miles per week) (44,88) 
E Previous running injury (within past 12 months) (88) 








E Inexperienced runner (running < 3 years) 
E Recent transition in training 

E Training intensity 

E Cavus feet 


E Equivocal risk factors (for which evidence demonstrating a 
clear link with injury is unclear) 


Hyperflexibility or hypoflexibility 
Stretching exercises (3,148) 
Running shoes 

Shoe orthotics 

Roadside running 


Malalignment problems (genu varum and valgus, high Q- 
angle, femoral neck anteversion, pelvic obliquity, knee and 
patella alignment, rearfoot valgus, leg length discrepancy) 


E Body morphology (slight protective effect in men with 
body mass index > 26 kg - m°) 

E Age 

E Unrelated risk factors (have not been associated with in- 
crease in running injuries) 
E Gender 
E Running surface 
E Cross-training 
E Time of day 
| 


Warm-up or cool-down periods 





BIOMECHANICS OF RUNNING 





The Running Gait Cycle 


E During walking, the stance phase occupies 40% of the gait 
cycle. The stance phase is decreased to approximately 30% 
while running and 20% while sprinting (18). 

E Walking differs from running in that walking has two double 
support periods in stance, whereas running has two periods 
of double float in swing. Running does not have a period of 
double support (18). 


Kinematics 


E Generally, there is an increase in joint range of motion (ROM) 
as velocity increases. However, there are no major differences 
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Table 99.1 | Top Running Injuries (42,124,156) 





Diagnosis Percentage 
Patellofemoral pain syndrome 32.2 
Tibial stress syndrome, “shin splints” 17.3 
Achilles tendinitis We) 
Stress fractures 7.2 
Patellar tendinitis ST 
Iliotibial band syndrome 6.3 
Metatarsal stress syndrome 33 
Adductor strain 3 
Hamstring strain 2.6 
Posterior tibial tendinitis 2.6 
Ankle sprain 2.4 
Peroneus tendinitis 1.9 
Iliac apophysitis 1.6 





between walking and running kinematics in the coronal and 

transverse planes. Most kinematic differences occur in the 

sagittal plane (18,112). The body lowers its center of gravity 

with increased speed by increasing flexion at the hips and 

knees and by increased dorsiflexion at the ankle (18,92). 

E The hip 

E The hip demonstrates an overall increase in ROM as 
velocity increases. The most significant motion occurs 
in the sagittal plane. Most of this increase occurs in 
flexion, and the amount of extension actually decreases 
slightly. Overall ROM was determined to be 43 degrees 
with maximum flexion and extension, measuring 37 and 
6 degrees, respectively, for normal walking. In running, 
however, overall ROM was increased to 46 degrees, with 
the hip flexing and never quite returning past neutral into 
extension (18,113). 

E The knee 


E As in the hip, the most significant motion occurs in the 
sagittal plane. The knee joint demonstrates increased 
flexion as velocity increases, but extension is, as in the hip, 
decreased. Maximum flexion in walking reaches 64 de- 
grees, and extension is —8 degrees (8 degrees of flexion). 
In running, maximum flexion reaches 79 degrees, and 
extension is — 16 degrees (16 degrees of flexion) (18,92). 

E The ankle and foot 


E Overall ROM at the ankle during walking is estimated to 
be 30 degrees, with maximum plantarflexion of 18 de- 
grees and maximum dorsiflexion of 12 degrees. Running 
produces a greater overall ankle ROM of 50 degrees due 
to increased hip and knee flexion during running (18). 

E At initial contact, due to the increased hip and knee 
flexion, the ankle undergoes rapid dorsiflexion during 
the absorption phase. In running, because the ankle 
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never quite reaches the amount of plantarflexion that it 
undergoes while walking, the amount of supination in 
the subtalar joint is limited, but the degree of pronation 
is increased (18). 

E Subtalar motion is determined by muscular activity as 
well as response to ground reactive forces. Midtarsal joint 
motion, however, is determined by subtalar position (18). 

E When the calcaneus and the talus are supinated, the axis 
is such that an increased obliquity is produced across the 
oblique and longitudinal midtarsal joints. This serves to 
lock the midtarsal joint functionally, thereby resulting in 
a decrease in available motion and allowing the foot to 
become a “rigid lever.” This occurs during late terminal 
stance and preswing. When the calcaneus and talus are 
pronated, the axis is such that an increased parallelism 
exists between the oblique and longitudinal midtarsal 
joints. This results in an increased available motion in 
these joints, serving to unlock the midtarsal joint and al- 
lowing an increased ROM for adaptation to the ground 
surface as well as absorbing the ground reactive forces, 
which lets the foot become a “mobile adapter.” This oc- 
curs during the midstance (18). 


E As the foot makes contact with the floor, the pelvis, fe- 
mur, and tibia begin the process of internal rotation. This 
internal rotation lasts through loading response and into 
midstance, resulting in eversion and unlocking of the 
subtalar joint. This results in subtalar pronation, which 
allows unlocking of the oblique and longitudinal mid- 
tarsal joints, resulting in further pronation. The pelvis, 
femur, and tibia then begin to rotate externally, which 
causes inversion and locking of the subtalar joint (18). 


Kinetics 


E Walking produces vertical ground reactive forces equal to 


1.3-1.5 times body weight. During running, vertical ground 
reactive forces spike sharply at contact to produce an impact 
peak, may slightly decrease, and then continue to an active 
peak measuring 2.2-2.6 times body weight. It is thus dur- 
ing midstance when ground reactive forces are greatest, with 
peak internal joint moments generating peak mechanical 
stress on tissues (35,132). 


It is unclear whether increased impact forces lead to injury or 
impact peak performance (35,62,63,105,108). 

The percentage of muscle activity increases throughout 
stance phase during running. It is rare to see a muscle group 
active for more than 50% of the stance phase during walking, 
but in running, activity is noted for 70%-80% of the stance 
phase (91). 

During walking, the gluteus maximus is active from the end 
of the swing phase until the foot is flat on the floor. This 
serves to decelerate the limb and stabilize the hip joint for 
initial contact. During running, however, it is active from 
terminal swing through 40% the stance phase. This helps to 
produce hip extension (18). 


E The hip abductors function during the terminal swing 
and throughout 50% of the stance phase during walking 
and running. This serves to stabilize the stance leg pelvis at 
initial contact, which prevents excessive sagging of the swing 
leg (18,67). 

The hip adductors are active during the last one-third of the 
stance phase during walking. During running, they are active 
during the entire stance and swing phases (18,91). 


E The quadriceps are active at the end of the swing phase to 
bring about terminal knee extension and to aid in hip flex- 
ion, through a concentric contraction. They also help sta- 
bilize the knee joint at initial contact, through an eccentric 
contraction. In running, they are highly active during the 
absorption phase of stance to deal with the greater require- 
ments of weight acceptance. They are continually active 
throughout knee flexion eccentrically to limit the rate at 
which knee flexion occurs. They are active for 50%—60% of 
the running stance phase and for only 25% of the walking 
stance phase (18). 


E During walking, the hamstrings are active at the end of 
swing phase and into stance phase until the foot is in full 
contact with the ground. This occurs in about 10% of the 
walking gait cycle. During running, they are active dur- 
ing the last third of the swing phase during hip and knee 
extension. Here they are acting concentrically across the 
hip joint but eccentrically across the knee joint. This ac- 
tion initiates hip extension and resists knee extension 
simultaneously (18). 


E During walking, the anterior tibial muscle group is active 
from late stance phase through the swing phase and then for 
the first 10%-15% of the next stance phase. This produces 
dorsiflexion of the ankle during the swing phase through 
concentric contraction. It also helps to control plantarflexion 
by initial contact through eccentric contraction, thereby pre- 
venting foot slap. During running, these muscles are active 
from late stance phase through the swing phase and for the 
first 50%—60% of the next stance phase. For their duration of 
activity, they are undergoing concentric contraction. During 
walking, they decelerate foot plantarflexion at initial contact; 
however, during running they appear to accelerate move- 
ment of the leg over the fixed foot. In heel strikers, a greater 
degree of activity is found in the anterior tibial muscle group 
than in midfoot strikers (18). 


E Activity of the posterior leg musculature begins during 
terminal swing of gait. During walking, these muscles act 
to resist forward movement of the tibia over the fixed foot 
during the stance phase. They are active from 25% to 50% 
of the stance phase through mostly eccentric contraction. 
During their last 25% of activity, they undergo concentric 
contraction to initiate active plantarflexion. During running 
gait, initial contact is a period of rapid dorsiflexion. Here the 
triceps undergo eccentric contraction, again to resist this 
motion. They are active for approximately 60% of the stance 
phase. Initially they serve to stabilize the ankle joint at initial 
contact, and then to provide for propulsion (18). 
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COMMON RUNNING INJURIES 





Patellofemoral Syndrome (6,32,36,49,50) 


E Definition 


E Pain associated with the articular surface of the patella 
and femoral condyles 


E “Runners knee”; number 1 presenting complaint to 
runners’ clinics 


E Number 1 cause of lost time in basic training in military 
recruits 


E Diagnosis (25,49) 
E Anterior, peripatellar, subpatellar pain 


E Increased pain following prolonged sitting (theatre sign) 
as well as running downhill and walking downstairs 


E Apprehension (shrug) sign 


E Abnormal patella tilt (tilt < 5 degrees in males and 
< 10 degrees in females) 


E Abnormal patella glide (medial glide < two quadrants, 
lateral glide > three quadrants) 


E Contributing factors (6,25,49,97,150) 

E Femoral dysplasia 

E Patellar facet asymmetry 

E Malalignments contributing to excessive pronation 
4 Femoral anteversion 


4 External tibial torsion 





2 Varus ankle, foot 

E Patella alta, baja 

E Increased Q-angle 

E Muscle and soft tissue imbalances 

1 Weak vastus medialis oblique (VMO) 


4 Tight lateral structures (iliotibial band [ITB], lateral 
retinaculum) 





1 Weakness of hip abductors, extensors, external rotators 
E ‘Treatment (25,107) 


E Correct biomechanical factors that lead to compensatory 
subtalar pronation and obligatory internal tibial rota- 
tion: genu valgum, tibia vara, hindfoot varus, forefoot 
pronation 

E Flexibility: ITB, hamstrings, quadriceps, gastrocnemius 

E Manual therapy to stretch tight retinaculum: medial glide 
and tilt 

E Strengthening: quadriceps with emphasis on VMO, hip 
abductors, extensors, external rotators 


E McConnell taping 


Bracing (patellar straps and braces) (126) 
E With persistent symptoms, consider: 


“1 Magnetic resonance imaging (MRI) (osteochondritis, 
cartilage injury) 
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Q Injections (steroid, viscosupplementation) 





Q Surgery: lateral release if tight retinaculum; realignment 


Iliotibial Band Syndrome (6,46,47,48,51,57) 


E Definition 


An overuse tendinopathy of the ITB most commonly as it 
passes over the lateral femoral condyle. 


ITB syndrome is the most common cause of lateral knee 
pain in runners, accounting for up to 12% of all running- 
related overuse injuries (10,23,85,106). 


ITB syndrome results from repetitive friction of the ITB 
at the lateral femoral epicondyle. The ITB moves ante- 
rior to the epicondyle as the knee extends and posteri- 
or as the knee flexes, remaining tense in both positions 
(41,48,111). Specifically, the posterior edge of the ITB 
impinges against the lateral femoral epicondyle of the 
femur just after foot strike. This “impingement zone” oc- 
curs at or at slightly less than 30 degrees of knee flexion 
(111). Fairclough et al. (42) have alternatively proposed 
that ITB syndrome results from compression of the ITB 
against the lateral femoral epicondyle as a consequence 
of internal tibial rotation after foot strike as opposed to 
friction. Repetitive irritation can lead to chronic inflam- 
mation, especially beneath the posterior fibers of the ITB, 
which are thought to be tighter against the lateral femoral 
condyle than the anterior fibers (48,111). 


The ITB is a continuation of the tendinous portion of 
the tensor fascia lata (TFL) muscle, with some contribu- 
tion from the gluteal muscles. It is connected to the linea 
aspera via the intermuscular septum. Distally, the ITB 
spans out and inserts on the lateral border of the patella, 
the lateral retinaculum, and Gerdy’s tubercle of the tibia. 
The ITB is free from bony attachment between the supe- 
rior aspect of the lateral femoral epicondyle and Gerdy’s 
tubercle (48,93,147). 


Functioning as abductors during open-chain activity, the 
TFL, gluteus medius, and gluteus minimus provide im- 
portant function through the support phase of the gait 
cycle, eccentrically lengthening while stabilizing the pel- 
vis and controlling femoral adduction (48,56). 


E Diagnosis 


Lateral pain and crepitus at lateral femoral condyle (or 
insertion at Gerdy’s tubercle) 


Tight ITB on Ober’s test 
Abductor weakness 


E Contributing factors (10,46,48,85,89,98,99) 


Varus positioning of knee, tibia, and foot 
Increased hip adduction and internal rotation 
Internal tibial torsion 

Excessive supination or pronation 

Abductor tightness and weakness 

Higher knee flexion at heel strike 


E Downhill running 

E Running on crowned roads 

E Excessive running in same direction on trac k 
E Treatment 


E PRICEMM (protection, rest, ice, compression, elevation, 
modalities, medication); iontophoresis 


ITB strap or dual-action strap 
Foam roller exercise for soft tissue work 


Myofascial release 


Flexibility and strength (hip abductors, adductors, rota- 
tors, flexors, extensors) 


Œ With persistent symptoms, consider: 
E Injection (steroid) 
E MRI to rule out lateral meniscus, other 


Shin Splints 


E Definition 


E Shin splints, or medial tibial stress syndrome, is a clini- 
cal entity characterized by diffuse tenderness over the 
posteromedial aspect of the distal third of the tibia. Shin 
splints have been reported to account for 12%—-18% of 
running injuries (21,58,69) and to occur in 4% of all mil- 
itary recruits in basic training (5). Women appear more 
frequently affected than men. 

E Medial tibial stress syndrome should be differentiated 
from stress fractures and exertional compartment syn- 
drome. Although different entities, they may coexist. 
Plain films are negative (except in cases of previous or 
coexistent stress fracture). Bone scans will demonstrate 
characteristic vertical linear increased activity along the 
tibial periosteum, which differs from the more focal fu- 
siform increased radiotracer uptake exhibited by stress 
fractures. 


E Medial tibial stress syndrome is felt by most to represent 
a periostalgia or tendinopathy along the tibial attach- 
ment of the tibialis posterior or soleus muscles. Other 
proposed etiologies have included posterior compart- 
ment syndrome and fascial inflammation. Detmer (33) 
proposed a classification scheme for medial tibial stress 
syndrome based on etiology. Type 1 includes local 
stress fractures, type 2 includes periostitis/periostal- 
gia, and type 3 includes deep posterior compartment 
syndrome. 
E Diagnosis 
E Dull ache in medial shaft with activity 
E Tenderness to palpation along shaft 
E Normal neurovascular exam and x-ray 
E Contributing factors 


E Factors that increase valgus forces and pronation, which 
then increase eccentric contraction of the soleus and 
tibialis posterior: femoral anteversion, genu varum, tibia 
and forefoot varus, excessive Q-angle. 


Excessive pes planus or cavus 

Tarsal coalition 

Leg length inequality 

Muscle imbalances: inflexibility of plantarflexors; weak- 
ness of dorsiflexors, plantarflexors, invertors 


Extrinsic risk factors include improper shoe wear, a rapid 
transition in training, inadequate warm-up, running on 
uneven or hard surfaces, running in cold weather, and 
low calcium intake. 


E ‘Treatment (5) 


Flexibility: gastrocnemius-soleus, tibialis posterior 


Strength: concentric and eccentric, including tibialis pos- 
terior soleus, tibialis anterior, flexor hallucis, flexor digi- 
torum longus 


Orthotic to control compensatory pronation 


Shin sleeve 


Œ With persistent symptoms, consider: 


Bone scan/MRI to rule out stress fracture 
Compartment testing to rule out compartment syndrome 


Consider lumbar radiculopathy 


Exertional Compartment Syndrome 


E Definition 


Chronic exertional compartment syndrome is defined 

as reversible ischemia secondary to a noncompliant 

osseofascial compartment that is unresponsive to the 
expansion of muscle volume that occurs with exercise. 

Most commonly seen in the lower leg, exertional com- 

partment syndrome in athletes has also been described 

in the thigh and medial compartment of the foot 

(17,100,128). 

There are four major compartments in the leg. Each is 

bound by bone and fascia, and each contains a major 

nerve. 

4 The anterior compartment contains the extensor hal- 
lucis longus, extensor digitorum longus, peroneus ter- 
tius, and anterior tibialis muscles, as well as the deep 
peroneal nerve. 

4 The lateral compartment contains the peroneus lon- 
gus and brevis as well as the superficial peroneal nerve. 

1 The superficial posterior compartment contains the 
gastrocnemius and soleus muscles and the sural nerve. 





1 The deep posterior compartment contains the flexor 
hallucis longus, flexor digitorum longus, and posterior 
tibialis muscles, as well as the posterior tibial nerve. 
Some authors believe that the posterior tibialis should 
be considered a separate compartment because it is 
surrounded by its own fascia (2). 

Anterior compartment syndrome is most common 

(45%), followed by the deep posterior compartment 

(40%), lateral compartment (10%), and superficial pos- 

terior compartment (5%) (38). 
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E Diagnosis 


E Recurrent exercise-induced leg discomfort that occurs 


at a well-defined and reproducible point and increases if 
the training persists. Pain is usually described as a tight, 
cramp-like, or squeezing ache over a specific compart- 
ment of the leg. Relief of symptoms only occurs with 
discontinuation of activity. Examination may or may 
not demonstrate fascial hernias. In some cases, the clas- 
sic exertional component is not as evident, and patients 
complain of pain at rest or with daily activities as well. 


A neurologic and vascular examination should also be 
performed with reproduction of the symptoms. Under- 
standing the distribution of nerves and functions of mus- 
cles in relation to symptoms can help identify the affected 
compartment in cases where the pain is not well localized 
to one specific compartment, or it may help determine 
which compartments are more severely affected in cases 
where more than one compartment is involved. 


4 Anterior compartment: weakness of dorsiflexion or 
toe extension; paresthesias over the dorsum of the 
foot; numbness in the first web space; or even tran- 
sient or persistent foot drop. 


1 Lateral compartment: sensory changes over the an- 
terolateral aspect of the leg and weakness of ankle 
eversion. An inversion and equinus deformity may 
also be present. 


1 Superficial posterior compartment: dorsolateral foot 
hypoesthesia and plantarflexion weakness. 





1 Deep posterior compartment: paresthesias in the 
plantar aspect of the foot and weakness of toe flexion 
and foot inversion. 


The gold standard diagnostic tool is intracompartment 
pressure monitoring (66). 


One or more of the following pressure criteria must be 
met in addition to a history and physical examination that 
is consistent with the diagnosis of chronic exertional com- 
partment syndrome: preexercise pressure = 15 mm Hg; 
1-minute postexercise pressure = 30 mm Hg; or 5-minute 
postexercise pressure = 20 mm Hg. Diagnosis may re- 
quire the sport-specific activity to induce symptoms and 
raise intracompartment pressure (116). 

Other tools that have been used in the diagnosis of com- 
partment syndrome include the triple-phase bone scan, 
MRI, near-infrared spectroscopy, methoxyisobutylisoni- 
trile (MIBI) perfusion imaging, and thallous chloride scin- 
tigraphy (4,8,20,40,61,71,75,95,96,114,136,137,161,162). 


E Contributing factors 


E Enclosure of compartmental contents in an inelastic fas- 


cial sheath, increased volume of the skeletal muscle with 
exertion due to blood flow and edema, muscle hypertro- 
phy as a response to exercise, and dynamic contraction 
factors due to the gait cycle. 


It has also been proposed that myofiber damage as a re- 
sult of eccentric exercise causes a release of protein-bound 


682 SECTION Vi __ Sports-Specific Considerations 


ions and a subsequent increase in osmotic pressure within 
the compartment. The increase in osmotic pressure in- 
creases capillary relaxation pressure, thus decreasing the 
blood flow. 

E Rapid increases in muscle size due to fluid retention are 
also believed to play a role in the development of chronic 
exertional compartment syndrome in athletes taking the 
popular supplement creatine (55). 

Treatment (162) 


E Conservative measures include relative rest (limiting 
activity to that level that avoids any more than mini- 
mal symptoms), anti-inflammatories, stretching and 
strengthening of the involved muscles, and orthotics 
(particularly in cases of excessive pronation). 

E Should symptoms persist despite 6-12 weeks of conserva- 
tive care, in cases of extreme pressure elevation or progres- 
sive neurologic deficit, surgical remediation (fasciotomy 
of the involved compartments with or without fasciec- 
tomy) should be undertaken (84,103,129,142,152,164). 

E Single and double incision as well as endoscopic tech- 
niques have been described. Regardless of the technique, 
any fascial hernias must be included in the fascial inci- 
sion. Surgical treatment generally has good success with 
return to running without significant symptoms. Anteri- 
or compartment fasciotomy success rates usually exceed 
85%. Deep posterior success rates are lower, approxi- 
mately 70%. Due to a high rate of coexistence, some au- 
thors advocate release of the lateral compartment when- 
ever a procedure for anterior compartment syndrome is 
performed. Others have stated that this dual release may 
not be necessary if clinical evaluation and compartment 
pressure testing fail to demonstrate lateral compartment 
involvement. When performing a deep posterior com- 
partment release, attention must be given to adequate 
decompression of the tibialis posterior (30,138,161). 


Achilles Tendinopathy 


Definition (7,70,73,79,115,127,141,162) 

E A spectrum of tissue disorders involving the Achilles ten- 
don and sheath: tendinitis, tendinosis, peritendinitis, tear 

Diagnosis 

E Tenderness at myotendinous junction or insertion 

Contributing factors 

E Pronation 

E Lower extremity varus 

E Tight heel cord 

E Weak dorsiflexors/plantarflexors 

E Ankle instability 

Treatment (79) 

E Heel lifts 

E Control pronation 


E Flexibility (include gastrocnemius and soleus) 


E Strength (particularly eccentric strength) (90,141) 
Œ Modalities (iontophoresis, cross-friction massage) 
E If persistent, consider: 
E Retrocalcaneal bursitis 
MRI (evaluate tears) 
Immobilization 
Lidocaine injections for peritendinitis 
Nitro-Dur patches (65,117) 
Platelet-rich plasma (controversial) (34,101) 


Plantar Fasciitis 


E Definition 


E An overload injury including inflammation, degenera- 
tion, and tearing of the plantar fascia, most commonly at 
its calcaneal insertion 

E Contributing factors (24,45,80,120,131) 

E Tight gastrocnemius-soleus, plantar fascia 
E Rigid rear foot 

E Overpronation or oversupination 

E Decreased ankle strength 

E Obesity 

E Excessive time on one’s feet 

E Diagnosis (24,37,54,149) 

E Pain in plantar heel worse in morning and with activity 

E Tenderness in plantar medial heel 

E Normal neurologic exam 

E No bony (calcaneal) tenderness 

E Treatment 


E Phase 1: nonsteroidal anti-inflammatory drugs, Medrol 

(if severe) 

A Device (i.e., Counterforce (CTF) arch brace) or low 
dye taping 

Q Stretch (gastrocnemius-soleus, plantar fascia, ham- 
strings, ITB) 





Q Strength (foot intrinsic, ankle, lower quarter stability) 
E Phase 2: Physical therapy (phonophoresis/iontophoresis, 
massage, manual therapy to improve ankle and subtalar 
mobility) 
“1 Continue exercise 
A Different device (i.e., heel cushion) 
Q Night splint or sock (11,13,28,118,125) 

E Phases 3 and 4: Injections (three maximum) (1,22,28, 

74,82), orthotics (76,119,135,163) 

E If persistent, consider: 





E MRI to rule out calcaneal stress injury 


E Electromyography/nerve conduction studies to rule out 
medial calcaneal, plantar neuropathy (first branch of 
lateral plantar nerve), radiculopathy 


E Immobilization (151) 


E Emerging therapies: shockwave therapy (symptoms 
> 12 months) (19,59,102,109,110,133,134,143,158), 
platelet-rich plasma/autologous blood (89), Botox injec- 
tion (9,86,122) 

E Surgery if conservative care fails (6-12 months) 


Stress Fractures 


E Definition 


E Failure of bone to adapt adequately to mechanical loads 
(ground reaction forces and muscle contraction) experi- 
enced during physical activity 

E Tibial stress fractures predominate in distance runners. 
Navicular stress fractures predominate in track athletes. 


E Diagnosis (60) 


E Focal tenderness 

Recent transition in training 

X-ray (often negative, especially early) 

Bone scan (all three phases with increased uptake) 


E 
g 
E 
E MRI (periosteal and marrow edema T2 > T1) 


E Contributing factors 


E Rapid transition in training (144) 
E Low bone mineral density (in women) (14,15,77) 
E 


Menstrual irregularities; in particular, amenorrhea 
> 6 months 


Smaller cross-sectional bone geometry (29,43,123) 

Low calcium and vitamin D intake (83,104,153) 

Lesser thigh and calf muscle size (14,16) 

Leg length difference > 0.5 cm (16) 

Excessive pes cavus (femoral, tibial) or pes planus 
(metatarsals) 

E Varus forefoot (64,81,94) 

E Higher loading rate, but not peak force magnitude of 
ground reaction force (31) 


E Femoral anteversion 
E Hip adduction, rearfoot eversion (tibial) 
E Poor shoe wear (shoes > 5 months old) (53) 


E Treatment 


E Noncritical: Noncritical stress fractures can be treated 
with 6-8 weeks of relative rest and include the follow- 
ing: medial tibia, metatarsals 2, 3, and 4; fifth metatar- 
sal avulsion. Athletes may benefit from a short period 
(i.e., 3 weeks) in a walking boot. 

E Critical stress fractures require more specific attention 
due to slower healing and higher rates of nonunion and 
include the following: femoral neck, anterior tibia, me- 
dial malleolus, navicular, base of fifth metatarsal. 

2 Femoral neck (52) 
Normal x-ray, no cortical break: conservative 
treatment, partial weight bearing to weight bear- 
ing as tolerated. Follow clinically and serial MRI 
8-12 weeks. Cortical break: orthopedic referral. 
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Superior (distraction) fractures have a higher in- 
cidence of worsening and nonunion than inferior 
(compression) fractures. 


T Anterior tibia (12,130) 


Conservative care can take up to 6-8 months. 
Options include pneumatic leg brace +/— bone 
stimulator, casting, and relative rest. 


If no healing: orthopedic referral (transverse drilling, 
grafting, medullary fixation) 


@ Medial malleolus (139,140) 
Nondisplaced: boot or air cast for 6 weeks 
Displaced or nonunion: orthopedic referral 

J Navicular (78) 
Non—weight bearing for 6-8 weeks 
Progressive activity over 6 more weeks 

A Proximal fifth metatarsal (124,156,166) 
Jones fracture of proximal diaphysis: cast, non— 
weight bearing for 6-10 weeks 
Nonunion: orthopedic referral consider orthope- 
dic early in competitive athletes. 





SOME PRACTICAL GUIDELINES 
FOR CLINICIANS 





E Certain injuries require the runner to refrain from running 
(stress fractures, radiculopathy). With most overuse injuries, 
however, some level of training may be permitted following 
the “Relative Activity Modification Guidelines” (Wilder RP; 
The Runner’s Clinic at University of Virginia). 

E Pain/discomfort should not exceed the mild level (< 3/10 
on the 10-point pain scale). 

E Pain that eases after a warm-up is generally benign. Do 
not run if pain progressively worsens. 

E Do not run if you are limping or changing your gait 
mechanics. 

E Supplement lost run training with cross-training (aqua 
running, bike, elliptical). 

E Do not increase mileage more rapidly than 10% per week. 

E Long run of the week increases no more than 2 miles 
per week and should not exceed 30% of one’s weekly mileage. 


E Change shoes every 350—400 miles. 
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OVERVIEW 





E Alpine skiing and snowboarding are two of the most popular 
winter sports throughout the world. 

E Injury patterns are distinct to each specific sport, with pre- 
dominantly lower extremity injuries in skiing and predomi- 
nantly upper extremity injuries in snowboarding. 

E A recent focus on injury prevention has led to the develop- 
ment of helmets and wrist guards that have been proven to 
be effective in preventing injury. However, these technologic 
advancements have not yet been universally adopted by 
mainstream athletes. 


EPIDEMIOLOGY 





E The popularity of skiing and snowboarding continues to 
grow throughout the world, with 200 million participants 
worldwide and 12 million in the United States alone (11,13). 


E Snowboarders tend to be younger and have a reputation for 
greater risk taking. 

E Historical injury rates of 7.6 per 1,000 skier days were quoted 
as early as the 1950s (7,13). 

E Although modern equipment has led to a reduction in injury 
volume, the severity of injuries has increased because new 
equipment allows for greater speeds and sharper turns. 

E Current data suggest injury rates of about 1—6 per 1,000 skier 
days, with improved injury rates attributed to hard-shelled 
ski boots, release bindings, and better grooming of slopes (4). 

E Catastrophic injuries still occur, however, with an average of 
20-30 deaths yearly in the United States alone, or 0.5 deaths 
per 1 million skier days (9). 





BIOMECHANICS 





E The different biomechanics and equipment of skiing and 
snowboarding result in their vastly different injury patterns. 
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Snowboarders have both feet strapped to the board, resulting 
in less torsion injury to the knees. Also, the large surface area of 
the board and comparative difficulty making sharp turns result 
in lower velocity falls that allow the athlete to extend his arms 
and brace for impact. Subsequently, snowboarders have a sig- 
nificantly increased risk of injury to the hand, wrist, and arm. 
Skiers, on the other hand, are capable of sharp, quick turns 
and high-velocity collisions. Fall on outstretched hand 
(FOOSH) injury is relatively uncommon, leading to a greater 
percentage of lower extremity injuries. In addition, a skier 
who has lost control can find his skis advancing in diverging 
directions, which causes a rotational torque and leads to a 
high incidence of knee injuries. 

Snowboarders most often injure their backs while falling 
backward after a missed jump, causing axial loading and an 
increased incidence of compression fractures in the thora- 
columbar spine. Conversely, skiers tend to fall forward after 
losing control or colliding with something and have a greater 
incidence of burst fractures (13). 

Finally, lacerations, which are rarely found in snowboarders, 
have been noted to account for 8% of all injuries in skiers, 
where release bindings expose athletes to the sharpened ski 
edge (1). 





SKI INJURIES 





Œ As discussed, upper extremity injuries are uncommon in 


skiing, representing only an estimated 20%-35% of alpine 
ski injuries (14). 

Shoulder injuries occur at a rate of 0.2-0.5 per 1,000 skier 
days and represent 4%-11% of alpine ski injuries, with the 
most common injury types being glenohumeral joint sub- 
luxations, rotator cuff strains, acromioclavicular joint sepa- 
rations, and clavicle fractures (16). 

Although less common than in snowboarders, wrist and 
hand injuries do occur in skiing, typically as a consequence 
of a FOOSH injury. The most common fracture in the fore- 
arm is the distal radius or Colles fracture, named after the 
Irish surgeon who first described it in 1814. The diagnosis 


is usually made based on plain radiographs, and immobi- 
lization is all that is needed if the fracture is not displaced. 
However, if the joint space is compromised, the neurovas- 
cular supply is injured, or the fracture is displaced, surgical 
intervention is often required. 

The thumb is the most frequently injured digit of the hand 
in skiing, and the injury almost universally results from 
the traction caused when an isolated thumb is pulled away 
from the rest of the hand in a skier using poles, resulting 
in extension and forced abduction at the metacarpopha- 
langeal (MCP) joint. The aptly named skier’s thumb is a 
sprain injury to the ulnar collateral ligament (UCL) of the 
first MCP joint. It is characterized by pain and tenderness 
to palpation over the ulnar aspect of the thumb and is di- 
agnosed when laxity is noted on clinical exam. Conser- 
vative management with thumb spica casting followed by 
splinting is recommended when less than 30 degrees of 
valgus laxity are noted. A complete disruption of the UCL 
with retraction of the ligament to the adductor aponeu- 
rosis is known as a Stener lesion and is characterized by a 
palpable mass. In this case, or if a bony avulsion is pres- 
ent, surgical management is preferred. The UCL can also 
be injured through chronic stress rather than an acute, 
violent force and, in this case, is commonly referred to as 
“gamekeeper’s thumb.” Although UCL injury is undoubt- 
edly the most common and most recognized injury pat- 
tern, dislocations, subluxations, and Bennett fractures of 
the base of the first metacarpal are also quite common in 
skiers (16). 

Representing 35% of all injuries and injured at a rate of 
1.14 per 1,000 skier days, the traumatic knee injury is 
the most frequently reported ski injury (4,6). The clas- 
sic explanation for these injuries focuses on the torque 
generated by the diverging skis of a skier who has lost 
control and the resultant external rotation and valgus 
stress placed on the knee as the primary causes of medial 
collateral ligament and anterior cruciate ligament (ACL) 
injury. Other injury patterns have also been noted, how- 
ever, such as an airborne skier landing with his center of 
gravity too far back, resulting in the anterior displace- 
ment of the tibia when levered against the static ski boot 
in what has been referred to as an “anterior drawer effect.” 
Finally, a skier whose weight is too far back on his skis 
will experience simultaneous flexion and internal rota- 
tion at the knee joint if he catches his inside edge on the 
snow, yielding perhaps the most common cause of ACL 
disruption (5). 

Tibia and fibula fractures, as well as boot-top hematomas, 
can occur due to the continued momentum of the lower legs 
if the skis are rapidly slowed or stopped. Achilles tendon rup- 
tures can also result from a similar mechanism, as the force is 
translated through the stronger proximal tibia distally to the 
ankle (16). 


E Ankle and foot injuries remain possible but are now rela- 


tively rare since the advent of hard-shelled boots. 
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SNOWBOARDING INJURIES 





E Snowboarders are 13 times more likely than skiers to sustain 
a wrist injury (19), and wrist injuries represent 40% of all 
snowboarding injuries (17). 

E Ankle injuries are also much more common in snowboard- 
ers, with a more than twofold increase in risk compared to 
skiers (11). 

E Snowboarder’s ankle is a rare but potentially disabling 
fracture of the lateral process of the talus and can lead to 
vascular necrosis and chronic nonunion if mistaken for a 
routine ankle sprain. While the exact mechanism of injury 
is not clearly understood, a high-energy axial load of the lat- 
eral ankle is required and results in pain of the anterolateral 
ankle that can mimic a severe ankle sprain (5). Up to 50% of 
these lesions are missed by standard radiography; thus, diag- 
nosis requires a high index of suspicion and can often only 
be made by computed tomography scan (15,19). Treatment 
for fractures with displacement of less than 2 mm is casting, 
whereas comminuted fractures or those with a greater de- 
gree of displacement should be referred for possible surgical 
management. 





HEAD AND SPINAL CORD INJURY 





E The leading cause of death in both skiing and snowboarding 
is traumatic brain injury, usually following a collision with a 
tree, chairlift pole, or another person (2). 

Œ Studies indicate that head injuries make up 9%-19% of all 
snowsport injuries reported by ski patrols and emergency 
departments, with neck and spinal cord injuries representing 
1%-4% (18). 





ENVIRONMENTAL AND 
ALTITUDE INJURY 





E Exercise-induced bronchospasm (EIB), acute mountain 
sickness (AMS), and hypothermia can all be encountered 
when skiing or snowboarding. 

E FIB is a transient, reversible narrowing of the distal airways 
caused by strenuous activity. EIB is more common in cool 
conditions, as cold air itself can trigger airway hyperrespon- 
siveness. Rapid respiratory rates, cool air temperatures, and 
low-humidity environments contribute to airway drying and 
bronchial spasm. Some estimate that EIB affects up to 50% 
of winter athletes (3). Common symptoms include postexer- 
cise dyspnea, cough, burning chest pain, and rarely wheezing. 
Symptoms peak 10-20 minutes after exercise, with a late phase 
occurring at 2-12 hours and lasting up to 2 days in some 
athletes. The eucapnic voluntary hyperventilation challenge 
(EVHC) seems to be the most accurate method of making a 
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diagnosis, although a laboratory-based or sport-specific com- 
petition-based exercise challenge is also a viable alternative. 
Treatment is similar to that of mild asthma, with albuterol used 
as a rescue medication at onset of symptoms or 20—40 min- 
utes prior to activity as a prophylactic measure. Physicians of 
competitive athletes must be aware of the World Anti-Doping 
Agency (WADA) regulations, which require validated testing 
to confirm the diagnosis if albuterol or other asthma medica- 
tions are used during competition or training (3). 

E AMS, or altitude sickness, is the pathologic response of 
the human body to acute increases in elevation to levels 
greater than 2,500 meters. Oxygen levels decrease as altitude 
increases, leading to elevated respiratory rates, heart rates, and 
stroke volumes. Common symptoms include throbbing head- 
aches, anorexia, nausea, fatigue, dizziness, and insomnia and 
can easily be mistaken for a viral illness, hangover, or allergic 
response. Potentially fatal if not recognized and treated, AMS 
can progress to high-altitude pulmonary edema (HAPE) and 
high-altitude cerebral edema (HACE). Improper hydration, 
fitness, and rate of ascent are risk factors for developing symp- 
toms, and proper acclimatization can take up to a week (8). 

E Hypothermia, defined as a core body temperature less than 
35°C, is a rare cause of injury in recreational skiers, but due 
to its potential morbidity, it deserves mention here. With 
every 1,000 meters of altitude ascended, the temperature 
drops by 5.5°C. Death by hypothermia is usually a second- 
ary sequela of an injury, avalanche, or altitude sickness that 
prevents the athlete from escaping from the elements (22). 
When hypothermic patients are evacuated, they should im- 
mediately be dressed in warm, dry clothing. A Bair Hugger 
is one way to provide external rewarming, whereas heated 
intravenous fluids and exposure to heated, humidified air 
have been show to be effective in rewarming even severely 
obtunded patients. Mortality rate from hypothermia is esti- 
mated to be 0.18 deaths per 1 million skier days (20). 





INJURY PREVENTION 


E Many studies have investigated the effect of helmet use on 
head injuries in skiing and snowboarding, with mixed results 
reported. However, a well-designed meta-analysis of 12 pre- 
vious studies suggested that helmet use could potentially 
prevent 35% of all head injuries without increasing the risk 
of neck injury (18). 

E The effectiveness of wrist guards in preventing snowboarding 
injuries has also been evaluated and has demonstrated a prom- 
ising 85% reduction in hand, wrist, and forearm injuries in 
those who wore protection. The benefit may be partially offset, 
however, because a twofold increase in elbow, upper arm, and 
shoulder injuries was also found in one case-control study (10). 


E Educational campaigns focusing on alpine sport safety and 
sun protection use have been met with moderate success but 
are resource intensive and thus unlikely to find widespread 
acceptance (12,21). 





SUMMARY 





Skiing and snowboarding are fun yet potentially dangerous 
snowsports. 


Injuries usually involve the upper extremity in snowboarders 
and the lower extremity in skiers. 


Environmental injuries are frequently overlooked due to 
the prevalence of orthopedic trauma; nonetheless, their 
importance within the sport cannot be underestimated by 
the treating physician. 

Preventative measures and improvements in equipment have 
come a long way in helping to reduce injury rates; however, 
helmets and wrist guards can only be effective to the extent 
that they are used. 
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Rodeo Injuri 


Craig R. Denegar and Richard M. Blyn 








INTRODUCTION 





E Rodeo, unlike most of the sports addressed in this section, is 
not a single sport or event. In rodeo, cowboys and cowgirls 
compete in one or more individual competitions that consti- 
tute a performance. 

E A rodeo is often made up of several performances over several 
days. Rodeo is not solely a professional sport. 

E Youth, high school, college, and professional rodeo organi- 
zations sponsor competitions. Although rodeo is associated W 
with the American West, there are rodeos across the United 
States and Canada as well as South America, Central America, 
and Australia. 


es 


to administer medical care. Tie-down calf roping and steer 
wrestling are offshoots of this work. 

Bull riding, however, emerged from the cowboy spirit rather 
than the work of the cowboy. At the end of the trail or a long 
day of work, cowboys began to develop competitions among 
themselves or cowboys from other outfits to see who the 
best rider, best roper, and all-around best ranch hands were. 
From these informal competitions and our fascination with 
the life of the cowboy, Wild West shows and true rodeo com- 
petitions evolved. 

Although the Wild West shows have vanished, rodeo has grown 
into a business, drawing large crowds to events and allowing 
the professional to earn a living through rodeo competition. 





E The events in professional rodeo include the rough stock COWBOYS, COWGIRLS, RODEOS, AND 
competitions and timed events. Rough stock competitions ORGANIZ ATI ONS ’ 7 


consist of bareback riding, saddle bronc riding, and bull 





riding. The timed events include tie-down calf roping, steer 
wrestling, team roping, and barrel racing. E 

E In youth, high school, and college rodeo, additional timed 
events may be on a schedule, but our focus will be on the 
primary events listed in Table 101.1. For the most part, the 
rough stock events, tie-down roping, steer wrestling, and 
team roping are cowboy events, whereas women compete in 
barrel racing. However, these gender roles are not absolute 
across all levels of rodeo. 

E Serious injuries, including fractures, concussions, and 
sprains are common, with more injuries occurring in rough 
stock competitions (2,3,5,7). 

E In the only report of its kind, the incidence of catastrophic 
and fatal injuries has been reported to be 9.45 and 40.5 
per 100,000 exposures, respectively, with the greatest risk 
occurring in bull riding (3). 





HISTORY 





Œ Rodeo did not begin as an athletic competition but grew 
from the work of cowboys and cowgirls working with live- 
stock on ranches. The events of bareback and saddle bronc 
riding are the extension of work done to break horses at a 
time when the horse was the fastest means of transportation. 
The care of cattle required the roping and tying of the animal 
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As noted, there are rodeos for young cowboys and cowgirls, 

high school and college athletes, and professionals. Below is 

a partial list of the organizations that sponsor or sanction 

rodeos. There are a number of youth and state high school, 

college, and professional associations, including those listed 

below. The Web sites are provided to assist in locating infor- 

mation on age groups, rules, and events. 

E Youth Rodeo Association. (http://www.yratx.com/) 

E National High School Rodeo Association (http://www 
-nhsra.com/) 

E National Intercollegiate Rodeo Association (http://www 
.collegerodeo.com/) 

E Professional Rodeo Cowboys Association (http://www 
._prorodeo.com/) 

E Women’s Professional Rodeo Association (http://www 
.wpra.com/) 

E Professional Bull Riders (http://www.pbrnow.com/) 

Unlike many sports where athletes are a part of a team or 

identified athletic organization, the rodeo athlete stands alone. 

The rodeo athlete usually must pay an entry fee to compete 

and earns only what they win in competition or through 

sponsorship. In reality, the opportunity to earn money requires 

that the rodeo athlete compete. These athletes travel extensively, 

and the sports medicine provider often has little knowledge of 

medical history and little opportunity for follow-up care. 


Table 101.1 | Events of Professional Rodeo and Associated Injuries 
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Event Description Injuries and Risk 

Rough stock Must ride 8 seconds, scored 0-100, 50 points for animal Accounts for approximately 85% of injuries. Concussion 
performance, 50 points for cowboy. Protective vests and fractures account for large portion of serious injuries. 
common or required in bull riding and bareback riding. 

Bull riding Cowboy maintains position on animal using a bull rope. Accounts for nearly half of injuries and large portion of 
Helmets worn by some contestants. fatalities. High incidence of concussion and fractures. 

Bareback Cowboy maintains position on animal with a handle- Second highest risk of serious injury. Injuries to the elbow 
shaped rigging. Cowboys wear protective vests but not caused by hyperextension are common. 
helmets. 

Saddle bronc Cowboy sits in a saddle and maintains control holding Lower risk of serious injury of rough stock events. Knee 


Timed events 


Tie-down roping 


Steer wrestling 


Team roping 


Women’s barrel racing 


a bronc rein (rope). Considered most technically 
demanding rough stock event. Cowboys wear protective 
vests but not helmets. 


Performance is judged on time to complete event. 


Cowboy must rope calf, dismount, flank (lay on side) calf, 
and tie 3 legs. 


Cowboy dismounts grabbing the horns of a running steer 
and then throws the steer with all four legs pointed in 
same direction. 


Two cowboys attempt to rope the head and hind legs 
of steer. 


Horses run cloverleaf pattern around 3 barrels. 


injuries (posterior cruciate ligament) occur with landing 
on fully flexed knee following dismount. 


Lower risk of injury, especially concussion and crush/ 
impact mechanism injury, compared to rough stock 
events. 


Thumb, shoulder, and lower extremity injuries during 
dismount most common. 


Shoulder and lower extremity sprains most common 
injuries. 


Shoulder and hand injuries most common. 


Primary risk or serious injury is from crush mechanism 


when horse falls on rider. 








RODEO SPORTS MEDICINE 





ŒE The history of rodeo sports medicine is as unique as the 
sport itself. Although local practitioners may have provided 
care to cowboys who came to town to compete, a formal 
program to provide and coordinate care only appeared in the 
United States through a program developed in 1980 with the 
support of the Justin Boot Company. 

HB Mobile Sports Medicine Systems, Inc. grew from the support 
of Justin Boots, Co. and now coordinates care at major ro- 


Through the Justin Sports Medicine program and more 
recently Extreme Sports Medicine Inc., the PBR has brought 
increased attention to medical care. There has also been an 
increased focus on injury prevention through improved 
safety equipment and conditioning. Today, the growing net- 
work of providers has greatly improved sports medicine care 
for the rodeo athlete. 





EVENTS AND RULES 





deos across the United States. In Canada, the Canadian Pro E 
Rodeo Sport Medicine Team (CPRSMT) has grown over the 
past 25 years to coordinate volunteer coverage of Canadians m 


Professional Rodeo Association events. 


E Ofthe more than 800 Professional Rodeo Cowboys Association- 
sanctioned rodeos annually, the Mobile Sports Medicine 
Systems Inc. is present at fewer than 200. Similarly, CPRSMT is 
not present at all professional rodeo events in Canada. 


E Atmany professional and other rodeo competitions at all levels, 
care for the rodeo athlete is dependent on local providers. 


E Bull riding is the eventin rodeo that draws the most attention. 
In 1994, a group of rodeo cowboys formed Professional Bull 
Riders (PBR). The associated risks of this single event led to 
efforts to provide well-coordinated care to bull riders at the 
top level in their sport. 


The rules and equipment differ between the seven events in 
professional rodeo, although there are some commonalities. 


In the rough stock events, cowboys must stay on the animal 
for 8 seconds without touching the animal with their free 
arm. Cowboys are awarded a score from 0 to 100 by a team 
of judges if they are successful in staying on for the 8 sec- 
onds. One-half of the score is based on the performance of 
the animal and one-half on the ability of the rider. 


E In bareback and saddle bronc events, the cowboy must 
mark out the animal, meaning that the cowboy’s spurs 
must be in contact with the point of the horse’s shoulder 
until the horse’s front feet hit the ground once the chute 
gate is opened. 

E In bareback riding, the cowboy’s hand is inserted into a 
rigging that resembles the handle of a suitcase, whereas 
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in saddle bronc, the cowboy holds onto a rein attached to 
a halter. 

E In bull riding, there is no requirement for a mark out. The 
bull rider wraps one hand in a bull rope wrapped around 
the chest of the bull. In bull riding, the cowboy wears a 
protective vest, and the use of helmets has become wide- 
spread in the past decade. 

E The first National Operating Committee on Standards for 
Athletic Equipment—rated helmet for bull riders (Phoenix 
Performance Products Inc., Vaughan, Ontario, Canada) 
recently became available. Many bareback and saddle bronc 
riders wear protective vests, but beyond the vests, helmets, 
and a mouthpiece, the cowboys have little to protect them 
from injury. 

E In the timed events, the goal is to complete the required task 
in the shortest amount of time. In the roping events and steer 
wrestling, the animal is given a head start into the arena. 

E In tie-down calf roping, the cowboy must rope the calf 
from the back of his horse, dismount and reach the 
calf, flank or throw the calf to the ground, and tie any 
three legs. 

E The steer wrestler must chase and ride alongside the steer. 
The hazer, a cowboy riding on the opposite side of the 
steer, guides the animal into position. The cowboy dis- 
mounts onto the head of the steer, grasping around the 
horns. The cowboy must stop the steer and throw it to the 
ground with all four feet pointing in the same direction. 


E In team roping, two cowboys, a header and heeler, chase 
the steer. The header’s job is to rope the steer around the 
head and turn the steer so that the heeler can throw his 
rope around the two back feet. The clock is stopped when 
the slack is removed from the rope of the header and 
heeler. 

E In barrel racing, the cowgirl rides her horse in a cloverleaf 
pattern around three barrels. Penalties are assessed if a 
barrel is knocked over, with the fastest total time winning. 





INJURIES AND EPIDEMIOLOGY 





E Working around livestock carries inherent risks, and the 
medical team providing care at a rodeo must anticipate the 
possibility of injury to rodeo athletes, bull fighters, and those 
who handle and manage the horses, bulls, calves, and steers. 

E Of the rodeo events, the rough stock events pose the greatest 
risk and also are associated with the greatest variety of 
injuries (2,5-7). Rough stock events accounted for 76.6% of 
all injuries at the national high school rodeo finals between 
1996 and 2005 and 88.2% of injuries in professional rodeo 
between 1981 and 2005 (5). 

E Of the rough stock events, bull riding is by far the most dan- 
gerous, and many injuries are severe (2). In fact, bull riding 
accounted for nearly 50% of rough stock event injuries based 
on data collected from 1981 to 2005 (5). The incidence rate 


of injury in professional and high school rodeo has been 
estimated to be 32.2 (2) and 28.5 (7) per 1,000 exposures, 
respectively, in bull riding. The incidence rate in bareback 
and saddle bronc riding is between 17.5 and 31.9 per 1,000 
exposures, with higher rates in high school athletes (2,7). 
Concussions (6) were the most common major injuries 
reported in the 1981-2005 summary of professional rodeo 
injuries. Fractures involving the extremities and trunk as 
well as glenohumeral dislocations make up a large portion 
of nonconcussion major injuries. These injuries are often 
caused by being stepped on by the animal or being thrown to 
the ground or against the bucking chute (1,4). 

Although the vest worn by bull riders offers protection, inter- 
nal injuries and fractures can result from being stepped on. 


Injuries to the hand, wrist, elbow, and shoulder may result 
from a cowboy being “hung-up” where their hand does not 
release from the bull rope or bareback rigging. 

In rough stock events, injury to the cervical spine can occur 
when the cowboy is thrown from the animal. More than one- 
third of the injuries in rodeo occur in bareback and saddle 
bronc events (5). Like bull riding, the mechanisms of injury 
in these events involve being thrown from or stepped on by 
the animal. 

Elbow injuries are very common in bareback riders because 
of the stresses to the joint during the ride. 

In saddle bronc riding, there is a greater risk of injuries 
to the knee, particularly the cruciate ligaments during the 
dismount. 

Injuries in tie-down calf roping and steer wrestling often in- 
volve the lower extremity, with the knee being most susceptible. 
Team roping and barrel racing carry the lowest risk of injury. 
Rodeo athletes are also susceptible to muscle strains, particu- 
larly involving the groin. 

Roping cowboys can suffer from nontraumatic or repetitive 
use injuries to the shoulder and arm. 

A significant concern in rodeo is the care of open wounds. 
These can occur at any point before, during, and after a rodeo. 
The sports medicine team must recognize that the rodeo 
arena and livestock holding areas are inherently dirty. All 
wounds must be thoroughly cleansed and closely monitored 
for infection. 





EVENT PREPARATION 





E Providing sports medicine care to rodeo athletes is a unique 


experience. The first reaction when one witnesses an injury 
to an athlete is to wait until play stops and run to the assis- 
tance of the athlete. Bulls and horses do not stop play when 
an injury occurs. The livestock in and around the arena pose 
a risk of injury to sports medicine personnel, and the pro- 
vider must be certain that the arena is safe to enter before 
attending to an injury. DO NOT BECOME THE SECOND 
VICTIM!! 


Rodeo athletes are a unique breed. The cowboy culture is one 
of toughness bread from the demands of the working ranch 
where medical assistance was often far off and care for the 
livestock paramount. 


Rodeo athletes are not likely to complain and may not seek 
attention for an injury. Moreover, the rodeo athlete is often 
stubborn and may choose not to follow the advice of the 
sports medicine professional. The expansion of rodeo sports 
medicine has increased the bond of trust between athlete 
and provider, but developing a professional relationship can 
take time. 

Once one is aware of the environment and culture of rodeo, 
planning for sports medicine coverage is similar to other 
sports that pose a high risk of traumatic injury. The provider 
must be prepared to assess injuries that are orthopedic and 
nonorthopedic in nature. 


The data collected on major injuries in rodeo from 1981 to 
2005 (6) provide an overview of what one can anticipate. 
Concussion and fractures are common, but injuries to the 
viscera, teeth, and eyes also occur. 


Some of these injuries can be life threatening, so a well- 
planned and practiced emergency response must be in place. 


The sports medicine team should practice caring for a rodeo 
athlete wearing a protective vest and helmet. 


The rodeo ground is often rough, and access by emergency 
medical assistance can be limited by fencing and seating. A 
plan for the equipment to be brought to the injured athlete 
should also be developed. It is usually not possible to roll 
a stretcher over the soft ground found in a well-prepared 
arena. 

A plan to transport an injured athlete from the arena must be 
developed at each venue. 

Emergency medical personnel should be reminded of the 
danger posed by livestock. These professionals should only 
enter the arena when directed by the medical staff in charge. 





INJURY PREVENTION 





Unlike team sports and individual sports where coaches and 
strength and conditioning specialists are available to athletes, 
rodeo athletes rely on themselves and fellow athletes for 
management of their conditioning and rehabilitation from 
minor injuries. 

These athletes often ask event medical staff for advice and 
recommendations. In general, the sports medicine team 
should promote the use of safety equipment and be prepared 
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to provide recommendations regarding strength and flex- 
ibility training. The safety equipment requirements differ 
between rodeo organizations, and helmets are not required 
for bull riders at the professional level. Of note, none of the 
athletes who died of head injuries (3) were reported to have 
been wearing a helmet. 


E Rodeo athletes earn their living on the road and may not have 
access to strength training and other exercise equipment. The 
sports medicine provider may need to adapt recommended 
exercises to the athlete’s schedule and environment. More- 
over, the sport-specific demands of the athlete’s event must 
be considered. 





CONCLUSION 





E Rodeo is an exciting sport, and the rodeo athlete is genuinely 
appreciative of sports medicine professionals willing to learn 
about the sport and provide care. There is certainly a need to 
continue to expand and coordinate care of the rodeo athlete. 


E Although the rodeo arena is a unique setting, these athletes 
and the officials for the rodeo are very willing to share their 
knowledge and help the sports medicine professional under- 
stand rodeo and feel welcome in what is often a new world of 
athletic health care. 
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INTRODUCTION 





E The global success of soccer as a worldwide attraction 
actively involves an estimated 270 million people or 4% of 
the world’s population (4). 

E The increases in participation, with some countries such as 
Canada reporting a mean rate of increase in excess of 27% 
from 1998 to 2008 (7), draws attention to the importance of 
this sport’s specific injury pattern and the effective methods 
of injury prevention. 





HISTORICAL PROSPECTIVE 





E The rules of soccer (football) were officially codified by 
Great Britain in 1863. In 1869, Princeton and Rutgers played 
the first American intercollegiate football game played by 
“soccer” rules. 

E The enactment of Title IX in 1972 within the National Colle- 
giate Athletic Association (NCAA) formed the initial Ameri- 
can catalyst of soccer growth with the direct effect on the 
creation of female soccer programs. More recently, the 1991 
U.S. women’s soccer team World Cup victory in China was a 
second stimulus for growth. 

E The World Cup of Soccer was held in the United States for 
men and women in 1994 and 1999, respectively. This local 
spectacle of sport propelled and elevated the caliber of play of 
soccer in the United States, which culminated in strong World 
Cup men’s performances in 2002 and Olympic Gold Medal 
performances for women’s soccer in 1996, 2004, and 2008. 

E The U.S. Soccer Federation is the governing body of soccer 
in the United States. The professional first divisions for men’s 
and women’s soccer in the United States are Major Soccer 
League (MSL) and Women’s Professional Soccer (WPS), re- 
spectively. Currently, the MSL is composed of 16 teams, and 
the WPS is composed of 7 teams. 





PHYSICAL DEMANDS OF SOCCER 





E Soccer is classified as a high- to moderate-intensity contact/ 
collision sport by the American Academy of Pediatrics. 
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The 26th Bethesda Conference classifies soccer as a low- 
static, high-dynamic sport. 

Soccer demands change of direction or cutting maneuvers 
followed by deceleration and jumping with major muscle 
movement and proprioception through the trunk and lower 
extremity. 

The aerobic challenges of soccer infuse the endurance re- 
quirements of a distance runner with the abrupt acceleration 
demands of a sprinter. The average distance covered by an elite 
midfield male player is in the 10-km range, with the strikers, 
fullbacks, and center backs covering less distance. Sprinting 
makes up significantly 10% of the total distance (31). 

The physiologic demands of soccer present unique challenges 
to hydration. In 2006, the U.S. Soccer Federation published its 
“Youth Soccer Heat Stress Guidelines” based on research con- 
ducted at the University of Connecticut (34). Several sport- 
specific factors expose soccer players to heat injury, including 
limited stoppage times with periods of intense aerobic activity, 
large fields with limited to no shade, and numerous games or 
practice sessions occurring in a day with limited attention to 
environmental stressors of heat and/or humidity. 

As little as 2% body weight drop in young competitors in hot 
conditions not only generates impairments in performance 
but also causes a compounded reduction in the ability to dis- 
sipate heat, resulting in accelerated heat-related injury. In tem- 
perate to cool environments, research shows greater tolerance 
for body weight drops in these same ranges. Most experts agree 
that a 5% drop in body weight during or following a soccer 
match or practice should sideline that athlete for 24 hours to 
recuperate fluid losses and to identify an intrinsic etiology such 
as poor acclimatization, supplement usage, or illness (8,27). 

It has been demonstrated that 30-60 mg of carbohydrate in- 
gestion in the fluids before and during soccer activity can 
delay muscle glycogen depletion. In one study, Foster et al. 
(18) demonstrated that indoor soccer athletes who drank a 
glucose polymer enhanced work output and increased time 
to exhaustion when compared to controls. 





SOCCER INJURY RATES 





E The overall injury incidence in soccer varies across studies 


because of differences in study designs, populations, and 
injury definitions. 


Soccer has a higher injury rate than many contact sports, in- 
cluding field hockey, rugby, basketball, and football (26). 
Injury rates within the sport of soccer increase with partic- 
ipant age and correlate with the increased intensity of the 
match. More injuries occur during competitive games than 
during practice. Over a complete season, girls and boys may 
expect 4.0 and 3.5 injuries per season, respectively. When a 
correction is incorporated for exposure rates, senior athletes 
(age > 18) sustain 15-30 times as many injuries as youths, 
but when analyzing the National Electronic Injury Surveil- 
lance System, approximately 80% of these injuries affected 
participants younger than 24 years old (24,26,33). 

Female youths can have soccer injury rates more than twice 
as high as male youths. Engström et al. (16) published an 
incidence per 1,000 player-hours of 12 for girls versus 5 for 
boys. Schmidt-Olson et al. (32) documented an incidence 
per 1,000 player-hours of 17.6 for girls versus 7.4 for boys. 


Lower extremity injuries are the most common, with 
nonbody contact composing the majority of the injuries 
(16,24,26,29,32). Ankle injuries represent 16%-—29% of these 
injuries and predominate among male players. Knee injuries 
occur in 16%—29% of players and occur more frequently in 
females (24,26,29,32). 

Ankle sprain is the single leading injury in soccer and is im- 
plicated as a reinjury 56% of the time (15). 

Soccer injury rates reported by the NCAA use an established 
Injury Surveillance System to follow male and female col- 
legiate injuries (29). 

Head injuries represent 1.2%-8% of all injuries, depending 
on the study. The higher head injury rates in youth soccer are 
thought to be attributed to underdeveloped neck muscles to ab- 
sorb the impact shock, increased ball weight to head weight ra- 
tio, and, more importantly, improper head ball technique (33). 
Serious anterior cruciate ligament (ACL) tear injury and 
concussion-type injuries follow gender differences. Women 
soccer players sustain more concussions than men, at a ratio 
of 4.3:1, and more ACL injuries, at ratios of 1.8:1 (practice) 
and 5.78:1 (games) (2,15,22,25). 

Indoor versus outdoor soccer injury rates are similar in 
severity and type (14). 

Soccer in the competitive ranks has migrated to artificial turf. In 
2005, Fédération Internationale de Football Association (FIFA) 
accepted the use of third-generation artificial turf for official 
tournaments. Research on injury risk on third-generation 
artificial turf is limited but indicates small differences in injury 
pattern between artificial turf and natural grass (19). 
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tasks such as pivoting, jumping, and hard turns with the ball. 
In this position, the anterior talofibular ligament (ATFL) is 
at maximal tension and most vulnerable to injury because 
the stability of the subtalar joint is deviated from the neu- 
tral mortise position. The calcaneal fibular ligament (CFL) 
and posterior talofibular ligament follow in order of injury 
as the magnitude of stress is increased to the ATFL. The spec- 
trum of severity spans from a lateral ankle ligament stretch 
(grade 1) to partial tear (grade 2) to complete tear (grade 3). 
Medial ankle ligament injuries are uncommon due to the 
dominant strength of the deltoid ligament. Therefore, a 
medial ankle disruption denotes a high-energy impact 
injury mechanism and will possibly demonstrate ankle 
mortise alteration requiring surgical repair and extensive 
rehabilitation. 

The mechanism of injury for high ankle injuries in soccer 
players occurs during collisions or player-to-player impact 
for contested balls. The ankle position during impact can be 
in the talar neutral position, with or without a slight lateral 
talar tilt. This predisposes the athlete to greater stresses across 
the CFL and the inferior anterior tibiofibular ligament. On 
clinical exam, performing a proximal tibial-fibular “squeeze 
test” with distal referred pain at the ankle or instability with 
external foot rotation is sensitive for a high ankle sprain. 


Talar dome lesions such as osteochondral fractures or a frac- 
ture to the lateral process of the talus must be considered in 
the ankle with persistent pain and swelling beyond 2 weeks. 
If clinical suspicion is high, magnetic resonance imaging 
(MRI) can assist in assessing this injury. 

Chronic anterior ankle pain extending on to the midfoot 
in an injured soccer player who had an acute axial loading 
of the forefoot and midfoot (kick into the turf) should be 
evaluated for a bifurcate ligament injury, impingement syn- 
drome (especially for repeat ankle injuries), or Lisfranc frac- 
ture. If weight-bearing x-rays of the ankle/foot are normal, 
then an MRI of the ankle/foot should be done. 


Sever disease and, more commonly, retrocalcaneal bursitis 
are seen in young indoor soccer players with ankle pain or 
hindfoot pain (15,26,32,33) secondary to a pattern of repeti- 
tive heel trauma against the sideboards. Achilles tendinopa- 
thy and medial calf strain are typically seen in soccer players 
older than 18. Achilles tendinopathy differs from the above 
two conditions by presenting several centimeters proximally 
to the tendon insertion into the calcaneus. 


Chronic posterior ankle pain should raise concern for a cal- 
caneal stress fracture as evident by calcaneal squeeze test or 
an os trigonum fracture. Both are verified by triple-phase 
nuclear bone scan. 


SOCCER INJURY CHARACTERISTICS Knee Injury 





E Soccer players can experience the spectrum of overuse 
and acute knee problems. Youth players are susceptible to 
Osgood-Schlatter disease or any other patellofemoral ante- 
rior knee tracking maladies seen in all running sports. Senior 


Ankle Injury 


E The mechanism of a lateral ankle sprain is often an inversion 
stress as the subtalar joint tilts in plantarflexion to manage 
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SECTION Vi Sports-Specific Considerations 


soccer players will incur collateral ligament and meniscal 
injuries, along with the pain of degenerative osteoarthritis or 
patellar chondromalacia. 


Meniscal and/or knee ligament injuries are vulnerable dur- 
ing dynamic passing sequences as the grounded cleats of the 
soccer shoe fixate the leg and support both rapid rotational 
and flexion changes of the trunk or lower leg. This sports- 
specific motion produces a sudden rotation of the femur 
relative to the fixed leg. As mentioned earlier, tackling is a 
high-risk maneuver where knee ligament strain often occurs 
when a player is tackled with the loaded leg secured to the 
ground. 

Soccer athletes tear their ACL through direct contact or non- 
contact. Noncontact/noncollision ACL tears are the predom- 
inant means for ACL injury in most sports other than skiing. 
However, Arendt and Dick (2) reported that male collegiate 
soccer players have an equal rate of contact versus noncon- 
tact ACL injuries. As previously mentioned, the female colle- 
giate soccer ACL injury rate dominates the male ACL injury 
rate, but follows the usual trend for noncontact ACL injury. 


Understanding the injury mechanism is critical to prevent- 
ing noncontact ACL injuries. The literature is rich with well- 
designed and well-executed studies analyzing ACL loading 
stresses. Most conclusions characterize the mechanism for 
noncontact ACL injury as following the common pattern of 
advancing anterior shear force at the proximal tibia produced 
as the knee is loaded through deceleration and accentuated by 
knee pivoting with internal or external rotation or the awk- 
ward landing of a varus or valgus collapsed knee. Researchers 
have found that ACL loading mechanisms are further el- 
evated by a small knee flexion angle (15-30 degrees) and/or 
a strong quadriceps muscle contraction or a great posterior 
ground reaction force (6,12,35). 

Contact ACL injuries in male soccer players follow a pattern 
of collision with a valgus stress to the knee. These injuries are 
often complicated by associated injuries to the menisci, the 
collateral ligaments, and the articular cartilage. 


In chondral injuries, soccer maneuvers that require repeti- 
tive pivoting and deceleration produce extreme stress on 
the articular cartilage, generating abrasive wear or the acute 
disruption of the deep cartilage ultrastructure by large shear 
forces. Chondral lesions are more often found on the femo- 
ral condyle. Acute x-ray imaging for a swollen knee should 
include tunnel views to investigate an osteochondral frac- 
ture, and if present, the fracture should be staged by knee 
MRI and co-managed with an orthopedic surgeon. 


Lower Leg Injury 


E A soccer player’s lower leg is vulnerable to abrasions, con- 


tusions, and fractures. Shin guards have become the only 
mandatory protective devices in soccer, but serve primar- 
ily to protect the leg from minor soft tissue injuries. Soccer 
tibial and fibular fractures occur at high rates despite athletes 
wearing shin guards (5). 


The soccer player with both a tibia and fibula fracture is side- 
lined, on average, for 40 weeks. Players with individual fibula 
and tibia fractures return to competitive play on average in 
18 and 35 weeks, respectively (5). 


The broad differential for exertional lower leg pain incorpo- 
rates many overuse injuries to the lower extremity. The more 
common exertional lower leg ailments include compartment 
syndrome, medial tibial stress syndrome (MTSS), and stress 
fractures. 


Anterior tibial compartment syndrome is insidious and effort 
dependent, with running pain that reduces performance over 
several months to years. Conversely, acute compartment syn- 
drome may occur when a player sustains a high-velocity kick 
to the protected or unprotected anterior or lateral lower leg. 
In both cases, the player typically describes lower leg pain with 
tingling and/or weakness extending to the dorsum of the foot. 
Diagnostic compartment testing with a handheld device and 
co-management with an orthopedic surgeon should follow. 


Connective tissue recovery and bone adaptation occur in a 
normal pattern of cyclic recovery provided rest, time, and 
nutrition are balanced. Injury patterns for MTSS and stress 
fractures are multifactorial (intrinsic or extrinsic sources of 
overuse) and represent maladaptive versions of cyclic tissue 
and bone recovery. 

Stress fractures and MTSS are best differentiated by triple- 
phase bone scan or MRI and treated with phased degrees of 
activity modification. MRI results depicting a stress fracture 
have both diagnostic and prognostic recovery parameters. 


Groin Injury 


Soccer groin and torso injuries are less commonly seen but 
may serve to be the most challenging to treat. 


The mechanism of groin injury in the soccer athlete is 
associated with a strain at the groin while the hip is abducted 
and externally rotated, sometimes against an opposing force 
such as the ground or the opponent. This process of strain 
or overstretching compromises the adolescent’s apophyseal 
pelvic ring or pubic attachments or, in the case of the senior 
player, the muscular—tendinous attachments. 


Adductor muscle tendinopathy is a form of overuse strain 
where groin pain gradually develops after advancing play 
intensity or frequency of workouts. These cases should be 
differentiated from osteitis pubis and “sports hernias,” which 
can present with a similar pain pattern. 

Hip flexor strain to the iliopsoas/bursitis is seen in soccer and 
is clinically defined by deep groin pain with an occasional 
slapping hip sensation or pain extension onto the anterior 
thigh. Treatment consists of relative rest with a prescribed 
stretching program for hip flexors and rotators. Additionally, 
an iliopsoas strengthening program should precede the re- 
turn to competitive play (28). 

Gilmore groin, or groin disruption, was clinically defined 
in 1980 following the successful treatment of three profes- 
sional soccer players who had been sidelined with pain for 


3 months. Clinical symptoms of groin disruption include in- 
sidious unilateral pain in the adductor region that progresses 
with activity and follows a course of postactivity aggrava- 
tion getting out of bed or the car. Exam findings are evasive 
and variable but may include tenderness and dilation of the 
internal inguinal ring on scrotal hernia palpation. The ana- 
tomic features of this condition include torn external oblique 
aponeurosis, torn conjoined tendon, conjoined tendon tear 
from the pubic tubercle, dehiscence between conjoined ten- 
don and inguinal ligament, and no hernia. Diagnosis should 
include Stork radiographs to evaluate pelvic stability, and 
treatment failures after a 2- to 4-week rehabilitative process 
should proceed to surgery for repair (20). 


Head Injury 


The head functions as a significant physical contributor in 
the play of soccer. The heading technique is a learned skill 
when executed properly. The complex synchronized mo- 
tion whereby the head strikes forcefully through the ball as 
the trunk goes into flexion requires coaching and practice. 
Maintaining a rigid neck during impact diminishes potential 
injury from angular head and neck acceleration. 

The challenge with mild traumatic brain injury or concus- 
sion is that 70% of collegiate football and soccer players ex- 
perienced concussion symptoms during a defined season, 
but only 20% were aware that they sustained an injury (11). 
Furthermore, researchers are intrigued as to the risk of suc- 
cessive head balls over an extended career of playing soccer. 
Such subclinical concussions may predispose soccer athletes 
to advancing brain injury analogous to the “punch drunk” 
syndrome of chronic progressive traumatic encephalopathy 
seen in career boxers. 


Ina study by Haglund and Eriksson (21) (level of evidence A, 
controlled clinical trial), “typical header” soccer players and 
a control group were studied using neuropsychiatric, radio- 
logic, and electroencephalogram (EEG) data, and no differ- 
ences between the groups were found. 


Jordan et al. (23) (level of evidence A, controlled clinical trial) 
analyzed U.S. National Soccer Team players with brain MRI 
and a head injury questionnaire. This study found no differ- 
ences in brain anatomy when comparing soccer player MRIs 
with age-matched controlled track athletes, but remarkably, 
the questionnaire further reinforced the concern for the high- 
er incidence of unrecognized concussions in soccer athletes. 


Therefore, currently with limited research, the data suggest 
that heading the ball is safe; however, many studies are under 
way, and the American Youth Soccer Organization recom- 
mends that children under the age of 10 should not head the 
soccer ball. 


Regarding concussions in soccer, they occur many times with- 
out acknowledgement from the player. Concussions in soccer 
are a result of impact with another player, the ground, or the 
goal posts. Soccer players require coach- or team physician— 
directed instruction on the symptoms of a concussion. 
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Any soccer athlete with a history of concussion will ob- 
jectively perform worse on neurocognitive testing, such as 
ImPact. Baseline preseason neurocognitive testing is encour- 
aged for position players on the offensive line, the goalie, and 
any player with a prior concussion history. Female soccer 
players with concussion perform more poorly than males in 
neurocognitive testing and have more symptoms (9). 


Assessment and management of a head-injured soccer ath- 
lete should be no different from any other athlete. Diagnostic 
studies and return-to-play criteria are discussed in another 
section. 


Facial and Oral Injuries 


The mechanism for eye injuries is usually blunt trauma 
caused by a kicked ball or the kicking foot. A hyphema is the 
most common injury type and can occur in up to 50% of 
all blunt eye traumas in soccer (24). A hyphema should be 
co-managed with an ophthalmologist. 

The frequency of eye injuries in soccer has prompted the rec- 
ommendation by the American Academy of Pediatrics Com- 
mittee on Sports Medicine and Fitness and the American 
Academy of Ophthalmology Committee on Eye Safety and 
Sports Ophthalmology that protective sports eye equipment 
using polycarbonate lenses be worn during both soccer prac- 
tice and competition (1). 

Orofacial and dental injuries in soccer rank second behind 
basketball (17) but are exceedingly rare events. Widespread 
use of protective mouthguards has been advocated in the 
dental literature to reduce the number of such injuries (30), 
but this practice is not supported in the sports medicine 
literature. 





PREVENTION 





Ekstrand and Gillquist (13) (level of evidence A, prospective 
controlled study) found that soccer injuries can be reduced 
by 75% by the implementation of a multilevel preventative 
approach. 


A skilled coaching staff must marginalize training errors and 
recognize that quality is more important than quantity. 


Attention to equipment utilization, including shin guards 
and mouthguards, and optimal field conditions pays divi- 
dends on injury prevention. Wet bulb globe temperature 
(WBGT) guidelines in accordance with American College of 
Sports Medicine guidelines should direct periods of play or 
practice and hydration standards. 

Prophylactic ankle taping or bracing benefits players with 
clinical instability or history of previous ankle strain (13). 
Arnason et al. (3) (level of evidence A, prospective controlled 
study) have demonstrated a significant reduction in ham- 
string strains in elite soccer players through eccentric ham- 
string strengthening. 
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E Players with serious knee instability will not benefit from 
bracing, and to avoid the risk of ACL injury, exclusion from 
soccer participation is worthy of discussion. 


E Educate soccer players on the importance of disciplined play 
and proper technique, especially with head balls. 

E No head balls should be performed by children under age 
10. Meticulous attention to technique must be the focus of 
training. 

E Soccer headgear is under development to reduce the risk 
that an athlete will sustain head injury by reducing impact 
acceleration. Researchers are still defining parameters for 
evidenced applications of headgear, but women stand to 
benefit more than males (10). 


E Educate players and staff on the early identification and 
management of concussions. Preseason standardized neuro- 
psychological testing should be done in patients at risk by 
history or by position (goalie or forward). Pad goal posts. 

E Team physicians must prescribe a supervised and progressive 
rehabilitative process. Return-to-play decisions after injury 
should come directly from the team physician and physi- 
cal therapist. End-state rehabilitation and functional goals 
include full range of motion, 90% strength, and dynamic 
agility testing. 





CONCLUSION 





E Soccer is one of the most popular sports played in the world 
today. 

E The present injury profile for soccer is considered safe. Clini- 
cians should be well versed in the many unique injury chal- 
lenges that span the spectrum of age and gender to draw 
attention to soccer’s sport-specific injury presentations and 
management goals. 


E To make soccer safer, research should address advancing 
needs to prevent ankle and noncontact ACL injuries and an- 
swer the question regarding the long-term cognitive effects 
of the sport in relation to head injuries. 
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INTRODUCTION 





Œ This chapter is focused on competitive fast-pitch softball 
injuries in women. Fast-pitch softball is a sport played pre- 
dominantly by women, but there are many men’s or coed 
leagues as well. Slow-pitch softball is also frequently played 
across the world. However, the majority of the literature sur- 
rounding softball-related injuries is in regard to competitive 
women’s fast-pitch softball, which provides the rationale for 
this chapter’s focus. 

E Fast-pitch softball has grown tremendously in popularity 
over the past several decades. During a 15-year period 
between the 1988-1989 and 2003-2004 seasons, National 
Collegiate Athletic Association (NCAA) softball added 
362 schools, causing participation to increase by over 70% 
(9,389 participants in 1988-1989 to 16,079 participants in 
2003-2004) (15). 

E Softball has been an NCAA sport since 1982 and was an 
Olympic sport from 1996 to 2012. 

E During the 2009-2010 academic year, high school fast-pitch 
softball was the fourth most popular sport, with 378,211 par- 
ticipants (17). 





RULES AND REGULATIONS 





E Comparisons between softball and baseball are constantly 
made due to the similar general nature of the games. Where 
appropriate, references to the rules and regulations of 
baseball are provided. 

E Similar to baseball, softball plays with nine field positions: 
pitcher, catcher, first base, second base, shortstop, third base, 
right field, center field, and left field. 

E Regulation games consist of seven innings. (Baseball: nine 
innings) 

E Distance between bases: 18.29 meters (60 ft). (Baseball: 60 ft 
[Little League] to 90 ft) 

E Distance between the pitchers mound and home plate: 
13.11 meters (43 ft) (14 and under: 12.19 m [40 ft]; 12 and 
under: 10.66 m [35 ft]). (Baseball: 46 ft [Little League] to 
60.5 ft) 
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E In contrast to baseball, the pitching mound in softball is not 
elevated. 


E The ball size is 30.5 cm (12 in). (Baseball: 23 cm [9 in]) 





INJURY EPIDEMIOLOGY 





E Softball has a relatively low rate of injuries compared to 
other sports. However, costs for medical care of baseball and 
softball injuries still exceeded $1 billion in 2009 (1). 

E Table 103.1 shows game and practice injury rates per 
1,000 athlete exposures (AE) for both intercollegiate and 
high school softball with comparisons to baseball and 
women’s soccer, which usually has the highest injury rate for 
a female sport. 

E The intercollegiate injury data come from studies using 
the NCAA Injury Surveillance System (ISS) over a 16-year 
period (1988-1989 to 2003-2004) (5,12). 

E The high school injury data come from studies using High 
School RIO (Reporting Information Online; The Research 
Institute at Nationwide Children’s Hospital, Columbus, 
OH) during the 2005-2006 academic year (21). 


NCAA Softball Epidemiology 


E Softball has the lowest game injury rate of NCAA female 
sports (8,15) and the fourth lowest practice injury rate (8). 

E A softball athlete is 1.6 times more likely to sustain an injury 
during a game than during a practice. This is a relatively low 
difference between game and practice injury rates compared 
to sports like women’s ice hockey, where athletes are 5 times 
more likely to sustain an injury during a game than practice 
(8). This small difference is probably due to a low amount of 
player contact in softball games (15). 

E Only 22% of softball game and practice injuries result in 
more than 10 days lost from activity (15). 


High School Softball Epidemiology 


E Softball has one of the lowest injury rates among high school 
sports, second to volleyball (12,18,21). 

E Softball injuries do not tend to be severe. In a study using 
injury data from North Carolina high schools, 77% of 
injuries resulted in less than 8 days lost from activity, whereas 


Table 103.1 | Practice/Game Injury Rate Comparisons 


Game Injury Rate Practice Injury Rate 





Sport (per 1,000 AE) (per 1,000 AE) 
NCAA 
Softball 4.3 2.7 
Baseball 5.8 T9 
Women’s soccer 16.4 5.2 
High school 
Softball 1:78 0.79 
Baseball U 0.87 
Women’s soccer 5:21 1.1 





AE, athlete exposures. 


only 7% resulted in more than 21 days lost (12). The High 
School RIO data revealed a similar trend, with almost 60% 
of all softball injuries resulting in less than 1 week lost from 
activity (21). 

E High school softball injuries have one of the lowest rates of 
injuries that require surgery (0.57/10,000 AE) (20). 





TYPES OF INJURIES 





E Table 103.2 illustrates the injury percentages by body part in 
high school and collegiate softball (15,21). 


ŒE Rechel et al. (21) reported similar injury percentages by body 
part between high school softball and baseball. 


E The most common injuries in collegiate softball are: 


E Ankle sprains (games: 0.44 injuries/1,000 AE; practices: 
0.25 injuries/1,000 AE) (15) 


Table 103.2 | Injury Percentages by Body Part 





Body Part Injured High School (%) NCAA (%) 
Lower extremity 
Practice 35.0 40.8 
Game 49.1 43.3 
Upper extremity 
Practice 40.7 33.0 
Game 32.3 33.1 
Head/face/neck 
Practice 22.4 9.6 
Game ieil 13.4 
Trunk 
Practice U8) 169) 
Game 15 1.1 





NCAA, NAtional Collegiate Athletic Association. 
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E Knee internal derangement (games: 0.37 injuries/1,000 AE; 
practices: 0.14 injuries/1,000 AE) (15) 

E The NCAA ISS data revealed that head or neck injuries 
are more likely to occur during a game, but trunk or back 
injuries are more common during practice (15). 

E In contrast to the NCAA ISS data, the High School RIO data 
show that concussions are more common in high school 
softball practice (8.9%) than games (0.4%) (21). 





MECHANISM OF INJURIES 





E Marshall et al. (15) reported game injuries by position from 
the NCAA ISS data: 


E Base runner: 28% 
Batter: 13% 

Pitcher: 11% 

Catcher: 9% 
Outfielders: 4% average 


Infielders: 5% average 

E The most common mechanism of injury during games is 
contact with something (i.e., ground, base, ball, wall) other 
than a person (15,19) and usually is due to base running in 
high school softball (19). 

E The majority of practice injuries are due to noncontact 
mechanisms (no contact with anything external to the body) 
(i.e., throwing, running) (15,19). 

E Sliding accounts for 23% of game injuries in collegiate soft- 
ball. The injury rate in softball due to sliding is 12.76 injuries/ 
1,000 AE (9). (Baseball: 6.2 injuries/1,000 AE) 

E Base running is responsible for 10% of all collegiate game 
injuries and 32.7% of all high school game injuries (19). 

E Being hit by a ball during a collegiate game leads to 11% of 
game injuries (15). 





SPECIFIC INJURIES 


Shoulder 


E Softball is responsible for one of the highest shoulder injury 
rates (1.10/10,000 AE) in high school girls’ sports. (Baseball: 
1.90/10,000 AE) (13) 

E High school softball athletes are more likely to sustain a 
shoulder injury due to chronic/overuse mechanisms and con- 
tact with another player compared with baseball athletes (13). 

E In high school softball, 51% of shoulder injuries result in less 
than 1 week lost from participation (4). 

E Throwing accounts for a higher incidence of shoulder 
injuries during high school softball practices compared with 
pitching (13). 

E The most common shoulder injuries in high school softball 
are muscle strains/incomplete tears (13). 
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Pitching 


Pitching is the most common mechanism of a shoulder 
injury that lasts more than 9 days (13). 

Softball is unique because it involves the windmill pitch, 
which requires the pitcher to circumduct his or her extended 
arm around the body and release the ball below the hip with 
an underarm motion. 

The windmill pitching motion results in higher biceps 
muscle activity compared to overhead throwing, especially 
during the deceleration phase (22). 

Despite longer pitching distances in baseball, distraction 
forces are similar between baseball and softball pitchers (25). 
Bogenschutz et al. (2) studied young adult softball athletes 
for bone mass, bone size, and bone strength adaptations in 
the humerus. The authors concluded that overhead throw- 
ing causes greater skeletal adaptations in the humerus than 
windmill throwing, which may be a result of less torsional 
forces during the windmill technique. 

Softball pitchers may pitch 1,200-2,000 times over 3 days 
compared to pitchers in baseball, who pitch approximately 
100-150 times, but baseball has higher rates of injury in 
pitchers than softball (8,19,26). 

Shanley et al. (23) conducted a prospective study with high 
school baseball and softball pitchers for upper extremity 
injury risk factors. The authors reported that passive gleno- 
humeral range-of-motion restrictions predicted injury in 
baseball pitchers, but not softball pitchers. 


Concussions 


Although concussions are not extremely common in softball, 
softball demonstrated an injury rate twice as high as baseball 
in the NCAA (8) and nearly twice as high as baseball in high 
school sports practice (5,14,18). 

The reason for this higher incidence of injury may be due to 
possible sex differences in concussion pathology or the closer 
distances between bases and the pitcher’s position relative to 
home plate. 

Concussions in softball typically occur due to catching, 
fielding, or pitching. A much lower proportion of concus- 
sions occurs during batting compared to baseball (5). 


Anterior Cruciate Ligament and Ankle 
Sprain Injuries 


Similar to concussions, the incidence rates of anterior 
cruciate ligament (ACL) injuries (0.08/1,000 AE) and ankle 
sprain injuries (0.32/1,000 AE) in softball are relatively low 
compared to other intercollegiate sports (8). 

However, both injuries are more frequent in softball 
compared to baseball (ACL injuries: 0.02/1,000 AE; ankle 
sprains: 0.23/1,000 AE). 

These data suggest that a sex discrepancy in ACL injuries 
between softball and baseball does exist, which agrees with 
other sports such as basketball and soccer (7). 


Sports-Specific Considerations 


E Despite the overall relatively low injury rate for ACL injuries 


in softball, knee internal derangement injuries still account 
for nearly 10% of overall injuries in the sport (ACL injuries 
account for 33% of these injuries) (15). 





SPECIFIC INJURIES IN SOFTBALL 





E Although no injuries are specifically unique to the sport of 


softball, the unique motion of the softball windmill pitch 

can predispose an individual to specific forearm, hand, and 

upper extremity neurologic injuries. 

E Ulnar diaphyseal stress fractures 

Q Several case studies of these injuries have been pub- 
lished (6,16,24). 

1 The postulated mechanism of development of the 
stress injury includes repetitive flexion of the wrist 
(16) or recurrent pronation of the wrist (24). 


(E) 


The recurrent pronation mechanism is consistent 
with the proposed mechanism of the development of 
similar injuries in tennis (3). 





L 


Athletes with ulnar diaphyseal stress fractures present 
with pain in the region of the ulnar shaft associated 
with their specific activity. On examination, they are 
tender in the area of the stress injury, and pain is 
reproduced with resisted motion, including pronation, 
wrist flexion, and flexion of the ulnar-sided digits of 
the hand (6). 

4 Diagnostic modalities include plain radiographs, 
which may be normal or show evidence of new peri- 
osteal bone formation at the site of the injury. Radio- 
nuclide bone scans and magnetic resonance imaging 
have been used to make the definitive diagnoses in the 
cases reported earlier. 

“4 Management of the injury has included cessation of 
pitching along with protective bracing. 

E A fifth metacarpal stress fracture case study involving a 

softball pitcher has been reported in the literature (11). 





WAYS TO REDUCE INJURIES IN SOFTBALL 





Training 


E Proper conditioning must be emphasized in all levels of 


softball due to the high prevalence of overuse injuries and 
preseason injuries. 


E Neuromuscular training programs, such as ACL injury 


prevention programs, have demonstrated success with other 
sports but have yet to be studied in softball. These programs 
may be beneficial for reducing muscle strains, ankle sprains, 
and knee pathologies. 


E The windmill method of pitching does not reduce the stress 


on pitchers’ shoulders, so pitch counts and interval-throwing 
programs should be used to help reduce shoulder injuries. 


Core strengthening should be encouraged to reduce low 

back strains, which are common injuries in softball. This 

type of strengthening may help avoid other common upper 
and lower extremity injuries and may be beneficial for 
performance. 

The American Academy of Orthopaedic Surgeons has rec- 

ommended the following regarding sliding (1), which is the 

cause of almost a quarter of all game-related injuries: 

E Sliding is prohibited with players under 10 years old. 

E Proper instruction in sliding technique should be pro- 
vided, and players should practice their technique using a 
sliding bag. 

E The runner should slide to avoid a collision at home 
plate. 


Field Equipment 


Breakaway bases should be encouraged in all levels of softball. 

E Traditional stationary bases are bolted to a metal post and 
sunk into the ground. In contrast, breakaway bases are 
snapped onto grommets attached to anchored rubber mats, 
which hold it in place. Sliding will dislodge this attachment 
but normal running will not disrupt the attachment. 

E Janda et al. (10) demonstrated that breakaway bases in 
recreational softball games reduced sliding injuries by 
98% and associated medical costs by 99%. 

E These bases are currently allowed by most softball gov- 
erning bodies (NCAA, National Federation of State High 
School Associations[ NFHS], Amateur Softball Associa- 
tion of America [ASA]) but are not mandatory. 

E The American Academy of Orthopaedic Surgeons has 
supported the use of breakaway bases to prevent injuries 
and reduce health care costs (1). 

A double-base for first base (runner’s base) should be con- 

sidered for all levels of softball. 

E Currently required in International Softball Federation 
championships and the ASA, allowed by the NFHS, but 
not allowed by the NCAA. 

E The American Academy of Orthopaedic Surgeons rec- 
ommends the double-base to prevent ankle and foot 
injuries (1). 

Pitch distance was recently increased from 40 to 43 feet by 

NFHS and ASA for high school softball to reduce pitching 

injuries. 


Player Equipment 


Head and face injuries account for just over 7% of colle- 
giate injuries, and contact with a pitched or batted ball is the 
common mechanism of injury (15). 

Batting helmet face masks should be encouraged, if not man- 
dated, by all levels of softball to protect the batter and base 
runner. 

E These face masks are currently required by the NFHS, but 

not by the NCAA. 
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E Face masks for fielders should also be considered to help 

prevent facial injuries in the field. 

4 May be most beneficial for pitchers 

4 Currently allowed but not required by the NFHS, 
NCAA, and ASA 
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INTRODUCTION 





E Surfing is an ancient sport originating in the South Pacific that 
eventually became an integral part of Hawaiian culture. The 
practice of surfing in Hawaii was discouraged by missionaries 
in the 1800s but was subsequently revived as a sport by 
Hawaiian Olympic swimmer Duke Kahanamoku who intro- 
duced the sport to California and Australia in the 1920s (13). 


E There are 1.7 million surfers in the United States and 18 million 
worldwide (13). 


E The Association for Surfing Professionals (ASP) is the leading 
governing body for professional surfing and is respon- 
sible for sanctioning surfing contests and tours throughout 
the world. 


E Surfing competitions involve 20- to 40-minute elimination 
heats in which surfers are scored by a group of judges with 
high scorers advancing on to further rounds. Athletes are 
judged on degree of difficulty, control, power, speed, style, 
and originality. Points for individual surfing contests are 
accumulated throughout the year to determine the overall 
tour rankings. 





ACTIVITY PROFILE 





E Surfing is an intermittent sport that is characterized by periods 
of high-intensity exercise interspersed with low-intensity 
activity and rest periods (5). 

E Surfing first involves paddling away from shore. While 
paddling out, a maneuver called “duck diving” is used to 
dive nose first under oncoming waves in order to continue 
away from shore. When a suitable wave is identified, surfers 
attempt to match the speed of the oncoming wave in order 
to ride along the wave front. Once the surfer is pulled toward 
shore by the wave, they explosively transition from a prone 
to a standing position and ride down the face of the wave. In 
big-wave surfing, surfers may be towed to the wave front by a 
motorized watercraft in order to match a larger wave’s higher 
velocity. 

E Paddling is performed with the surfer lying in the prone 
position with the back and neck in hyperextension and with 
the arms alternating, pulling through the water alongside 
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the board. Paddling biomechanics differ from freestyle 
swimming because long axis rotation is diminished while 
lying prone on the board and kicking is eliminated as a 
means of forward propulsion. 

During competition, surfers spend 51% and 42% of the time 
paddling and resting, respectively. Wave riding only accounts 
for 4% of the total time (11). 





ATHLETE ATTRIBUTES 





Females account for only 5%-22% of surfers in the United 
States (21). 

The mean age of professional surfers is 27.5 and 26.7 years 
old for men and women, respectively (10). 

Elite male and female surfers tend to be shorter and lighter 
when compared to age-matched swimmers and water polo 
players. Shorter stature may be an advantage because a lower 
center of gravity allows for greater dynamic balance (10). 
Elite surfers have aerobic fitness, as measured by maximal 
oxygen consumption during arm exercise, that is significantly 
greater than untrained subjects and comparable to athletes 
in other aquatic endurance sports (6,9,11). 

Lactate threshold during arm exercise is significantly greater 
in elite versus nonelite surfers. Higher lactate threshold has a 
positive correlation with surfing performance (11). 





EQUIPMENT 


Surfboards are categorized as shortboards or longboards 
based on length. Some overlap exists, but in general, short- 
boards are 6-7 feet long, and longboards are 9-10 feet long. 
Shortboards have a pointed nose, whereas longboards have 
a rounded nose. Longboards are more buoyant but less 
maneuverable. Most surfboards are affixed with fins on their 
underside that act as stabilizing struts. 

Modern surfboards are constructed with an inner core of 
polyurethane or polystyrene foam with a fiberglass shell. The 
naturally slippery surface is treated with surfwax for traction. 


Soft rubber tips that can be attached to the tip or tail and 
flexible fins made of urethane rubber can all help reduce the 
chance of board-induced injury (24). 
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E Ankle leashes are elastic ropes that tether the surfboard to 
the surfer via ankle strap. Shorter leashes increase the risk of 
board-induced self-injury via a recoil mechanism, whereas 
longer leashes increase the risk of the board injuring other 
surfers. 

E Helmets consist of shatterproof plastic shells with a molded 
foam lining that is secured with a chin strap. Other protective 
amenities include shatterproof, ultraviolet protectant visors 
and ear cups to protect against tympanic membrane rupture. 


E Surfers recognize the risk of head injury as high to moderate, 
but only 2% of surfers wear protective headgear. The most 
commonly cited reason for not wearing a helmet is “no 
need.” Other reasons include discomfort, claustrophobia, 
and effects on balance (17). 





INJURY EPIDEMIOLOGY 


E Surfboard-related injuries are the most common cause of 
injury in recreational surfers, accounting for 67% of acute 
surfing injuries with 82% of these injuries occurring when 
the rider is struck by their own board (13). 


E Acute injuries occur at a rate of 2.2-3.5 injuries per 1,000 
surfing days (7,18). 

E For recreational surfers, lacerations are the most common 
form of acute injury, accounting for 41%—46% of injuries 
(7,13,18). The most common locations are the face and 
lower extremity. 


E In contrast, among competitive surfers, sprains and strains 
are the most common form of acute injury during com- 
petition, accounting for 39% of injuries, with the most 
commonly injured body part being the lower extremity (12). 
Knee strains account for a majority of these injuries and 
occur during aggressive turning and aerial maneuvering. 

E Chronic musculoskeletal injuries account for 39% of all 
chronic surfing-related health problems. Neck and back 


injuries are the most common locations, followed by shoulder, 
knee, and elbow (18). 


SPECIFIC INJURIES 





Lacerations 


E Common pathogens involved in marine soft tissue injuries 
include Streptococcus species, Escherichia coli, Pseudomonas 
aeruginosa, Mycobacterium marinum, Staphylococcus aureus, 
and Vibrio species (1). 

H Wounds should be cultured for aerobic, anaerobic, and marine 
organisms. 


E Outpatient oral antibiotic therapy directed at Vibrio species 
includes ciprofloxacin or trimethoprim—sulfamethoxazole. 
Parenteral choices include cefotaxime, ceftazidime, and 
tobramycin (1). 


E When lacerations are secondary to envenomation, they 
should be allowed to heal by secondary intention or delayed 
primary closure (8). 


Tympanic Membrane Rupture 


E Tympanic membrane rupture occurs with head trauma from a 
strong wave or when the head contacts the water during a fall. 


E Symptoms and signs include ear pain, conductive hearing 
loss, tinnitus, vertigo, and bloody otorrhea (15). 

E Antibiotic therapy is only indicated with concomitant 
infection (3). 

E Athletes should be advised not to return to play until the 
perforation is healed. If necessary, ear plugs can be placed to 
keep out water while the healing process continues (19). 


Surfer’s Myelopathy 


E Surfers myelopathy refers to spinal cord infarction that 
occurs exclusively in novice surfers. Overall prevalence is 
unknown, but 10 case reports exist in the literature. 


E The mechanism of infarction is thought to be related to 
prolonged hyperextension during paddling in novice, un- 
conditioned athletes that leads to either avulsion of the 
artery of Adamkiewicz, inferior vena cava obstruction, or 
fibrocartilaginous embolism (20). 


E Surfers most commonly complain of low back pain, pares- 
thesias, and urinary retention that progresses rapidly over 
several hours. Prior to discharge, 4 of 10 reported patients 
had completely recovered and 2 remained paraplegic (2,20). 

E Magnetic resonance imaging (MRI), including T2 and 
diffusion-weighted imaging, is the most sensitive study for 
finding areas of spinal cord infarction. In published cases, 
ischemic MRI changes were localized to the distal thoracic 
watershed zone (20). 

E Initial management entails rapid evaluation with MRI, empiric 
intravenous steroid administration, aggressive hydration, and 
allowable hypertension. 


E Patients with incomplete resolution of symptoms will likely 
benefit from acute inpatient rehabilitation after medical 
stabilization. Long-term care may include intermittent cathe- 
terization and urodynamic studies, scheduled bowel regimens, 
pressure relief, deep vein thrombosis prophylaxis, and physical 
and occupational therapy. 





MEDICAL ISSUES 





Surfer’s Ear (External Auditory Exostoses) 


E External auditory exostoses (EAEs) typically present as 
multiple, bilateral broad-based growths of lamellar bone 
obstructing the external auditory canal leading to complica- 
tions such as cerumen impaction, conductive hearing loss, 
and otitis externa. 


Overall, the prevalence of EAE among surfers is 38%-73% 
(4,22). 

A dose-dependent relationship between exposure to cold 
water and the prevalence of EAE has been identified. Cold 
water surfers are 2.6 times more likely to have EAE than 
warm water surfers (4). 


If medical management of EAE complications fails, surgical 
excision can be performed. 

Prevention of EAE entails decreasing exposure to cold water 
by means of ear plugs, ear molds, or hoods. 


Otitis Externa 


EAE, trauma, and chronic moisture make surfers susceptible 
to recurrent otitis externa. 


Common organisms include P. aeruginosa and S. aureus, 
whereas fungal species such as Candida and Aspergillus may 
be found in diabetics (23). 

Treatment includes a 1-week course of topical antibacterial 
drops with systemic antibiotics indicated if a persistent case 
develops or if otitis media is suspected (16). 


Prevention includes application of acetic acid into the external 
canal after surfing and use of ear plugs (23). 


Gastroesophageal Reflux Disease 


Gastroesophageal reflux disease (GERD) is significantly 
more prevalent in surfers (21%) than in nonsurfing athletes 
(7%). Higher surfing frequency is correlated with higher 
prevalence of GERD symptoms (14). 

Mechanisms that lead to a higher risk of GERD in the surfing 
population include increased intra-abdominal pressure 
secondary to lying prone on a hard surface during heavy 
exertion (14). 


Shortboard surfing has a higher prevalence of GERD than 
longboard surfing. Longboards have a greater surface area, 
allowing surfers to distribute their body mass over a greater 
area and thus allowing less pressure to be focused along the 
abdomen (14). 

A small meal of 400-500 kcal 2—4 hours prior to surfing that 
is free of fatty foods, peppermint, chocolate, alcohol, and 
acidic beverages will help maintain glycogen stores while 
decreasing the risk of GERD. 

If refractory to lifestyle modifications, a trial of a proton 
pump inhibitor or H, blocker should be initiated for acid 
suppression. 


Envenomation 


Seabather’s eruption 

E Seabather’s eruption is a hypersensitivity reaction to 
larval toxins of certain coelenterates in Bermuda, the 
Caribbean region, and the East Coast of the United 
States. 
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E Symptoms include a urticarial maculopapular rash in the 
area covered by a swimsuit that appears immediately or 
may be delayed by 1.5 days (23). 

E Treatment includes topical corticosteroids, oral antihista- 
mines, and if necessary, oral steroids. Bathing suits should 
be thoroughly washed to avoid reenvenomation (23). 


E Coelenterates 


E Coelenterates are marine invertebrates including jelly- 
fish, Portuguese man-of-war, and box jellyfish that have 
tentacles filled with venomous cells called nematocysts 
that typically cause a local response but can rarely cause 
multiorgan damage (23). 


E Jellyfish stings present with burning pain, erythema, 
edema, urticaria, and bullae formation, which may 
progress to skin necrosis (23). 

E Tentacles and other retained animal parts should be 
removed. No consensus exists for appropriate jellyfish 
toxin treatment, but anecdotal evidence exists for appli- 
cation of hot or cold packs and irrigation with ethanol, 
vinegar, urine, baking soda, or methylated spirits (23). 

E An antivenom exists for the box jellyfish toxin. 


E Stingrays 


E Stingrays are commonly encountered when entering or 
exiting the water. Their sting is caused by a sharp spine 
located on their tail that can penetrate wet suits and 
booties (19). 

E Patients present with pain out of proportion to wound 
appearance (19). 


E Treatment includes removing retained animal parts 
and hot water immersion to inactivate the heat-labile 
toxin (19). 

E Prevention involves shuffling through the sand to scare 
away stingrays and avoiding areas and times of day 
known to have high concentrations of stingray (19). 


E Corals 


E Coral envenomation usually consists of toxins from 
multiple sources such as urchins and sea cucumbers (19). 

E Acetic acid can alleviate the pain associated with coral 
envenomation (1). 
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swimmers were taught to swim “flat” and with one-sided 


EPIDEMIOLOGY/GENERAL 





Swimming is a popular activity, with participation from all 
ages. Young children start competitively swimming around 
6 years of age. 

Competitive swimming includes four strokes: freestyle, 
backstroke, breaststroke, and butterfly. 

For competitive athletes, swimming is an all-year sport with 
little rest time. Many swimmers engage in two workouts a day, 
averaging between 8,000 and 20,000 yards per day. In addition, 
collegiate and elite training programs include cross-training 
and strength-training programs that can affect injury patterns. 
Swimming provides many health benefits without age limita- 
tions such as in other competitive sports. It is a great option for 
cardiovascular exercise for our aging population. There is evi- 
dence in masters swimmers showing that both men and wom- 
en have a modest rate of performance decline until they reach 
the age of 70 (2,3). This indicates that physiologic changes at- 
tributed to aging alone may be more due to disuse than age. 
Masters swimmers age rules include athletes 25 years old 
and older (4). Individual events include athletes in 5—year 
age intervals (e.g., 25-29, 30-34). Relay events are based on 
total age of team members in whole years (e.g., 100-119, 
120-159, 160-199) continued in 40-year increments as high 
as is necessary. 

The majority of injuries in swimming are due to overuse, with 
the most frequently injured body part being the shoulder. 
A study of competitive U.S. swimmers demonstrated that 47% 
of 13- and 14-year-old swimmers, 66% of 15- and 16-year-old 
swimmers, and 73% of elite swimmers had a history of inter- 
fering shoulder pain (8). A recent study of National Collegiate 
Athletic Association (NCAA) I-A swimmers showed that 
shoulder and upper arm injuries accounted for 31% of 
injuries in males and 36% in females. Back and neck injuries 
were the second most frequent areas injured (17). 





STROKE MECHANICS 





E Breakdown in stroke mechanics can predispose swimmers to 


injury, so it is important for the clinician and coach to focus 
attention on fundamental stoke mechanics. Some older masters 


breathing. By clarifying old-style stroke mechanics and adjusting 
mechanical stressors, athletes can limit repetitive injury. 
Regardless of the swimmer’s chosen stroke event, most training 
is done in freestyle or drills alternating with freestyle such as 
freestyle/backstroke combos. 

Freestyle stroke phases include a catch, pull-through, and re- 
covery period. During the out-of-water phase, the torso rotates 
on the body’s longitudinal axis as the shoulder exits the water 
in an abducted and externally rotated position. The elbow 
should remain high above the hand until the hand enters 
the water fingers first in front and just outside the line of the 
shoulder. At the water entry point, the swimmer extends his 
or her arm to its maximum length. To keep the elbow high, 
the swimmer must roll the body approximately 45 degrees on 
the swimmer’s long axis. In mechanical studies, the body roll 
angle can vary due to the athlete’s fatigue or breathing side 
(11). It is not clear whether altering this angle could enhance 
performance or reduce injury. During the underwater phase, 
the shoulder internally rotates and adducts as the arm follows 
an S-shaped path to propel the body forward (9). The elbow 
should point toward the sidewall during this phase. The upper 
trapezius, rhomboids, supraspinatus, and deltoid all function 
in combination to position the scapula and humerus for hand 
entry and exit. It is important that the neck be extended around 
30—45 degrees to decrease drag and reduce cervical strain. The 
athlete looks forward with the hairline just cresting the water 
surface. Some have advocated that the athlete look straight 
down without much cervical extension at all. 

The flutter kick helps stabilize the swimmer’s trunk. This kick 
starts at the hip and simulates a motion similar to kicking 
off a loose shoe. The knees should flex only 30—40 degrees. 
Flexion at the hip is minimal. 

The swimmer must focus on the coordinated motion of 
both the upper and lower extremity. If the swimmer fails to 
kick throughout the stroke, the body will lose some of its 
buoyancy, and more drag is created. The upper extremity 
will then compensate, placing more stress at the shoulders. 
Bilateral breathing helps the swimmer develop equal pulling 
strength in both arms and helps ensure equal body roll on 
each side (6). 

When stroke mechanics need correction, the use of an 
underwater video can help clarify the errors. Working with 
a qualified coach is important. 
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UPPER EXTREMITY INJURIES 





Swimmer’s Shoulder 


Shoulder pain is the most common complaint in competitive 
swimmers. Nearly 50% of collegiate and masters swimmers 
report shoulder pain lasting at least 3 weeks (13). 


Swimmer’s shoulder refers to shoulder tendinopathy or im- 
pingement. Typically, the swimmer feels maximum pain at 
the beginning of the pull-through phase. Often, the swimmer 
will swim through this pain for weeks until the pain is present 
throughout the entire freestyle stroke. 


Fatigue, muscle imbalance, and shoulder laxity contribute to 
the development of swimmer’s shoulder. Land and in-water 
training can each play a factor in injury development. 


Typical treatment includes ice, training regimen modification, 
anti-inflammatory medication, and occasionally subacromial 
corticosteroid injection. Rarely is surgery necessary. 

The swimmer should limit the total weekly mileage and 
swim with various strokes. 


Kickboard workouts can allow the swimmer to maintain 
their fitness level while resting the shoulders. The elbow 
should be flexed to minimize irritation at the shoulder. 


The serratus anterior, a scapular stabilizer, is one of the 
most important muscles involved in the freestyle stroke, and 
therapy should be aimed to increase its strength (10). 


Swimmers have been shown to have greater shoulder ad- 
duction and internal rotation strength, which can lead to an 
imbalance in the shoulder. The swimmer should focus on cre- 
ating a balance by strengthening the external rotators (16). 


Aggressive injury management and quick determination of 
early overuse injury decrease the swimmer’s time out of the 
water. Coaches, parents, and trainers should encourage the 
athlete to notice the difference between pain and soreness 
and seek medical evaluation earlier to help make a more 
narrowed diagnosis and limit time out of the water. 


Freshman NCAA I-A swimmers have a higher rate of injury, 
so coaches and team physicians should observe these entering 
athletes for signs of overuse and fatigue. The level of training 
in duration and intensity is typically much greater than most 
of these athletes are used to at a club or high school level. 


Prevention of future injury includes correcting stroke mechanic 
problems by working with a swimming coach while strength- 
ening the rotator cuff and scapular stabilizing muscles. The 
article “Shoulder Injury Prevention” reviews exercises for the 
uninjured athlete (14). 





SHOULDER INSTABILITY 





In the swimmer, excessive shoulder mobility can functionally 
allow the athlete to have a more powerful stroke, but it is just 
this excessive motion that could also lead to overstretch of the 
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supporting shoulder structures, ultimately resulting in pain 
and decreased performance. It is a fine balance. A stretched 
shoulder capsule can lead to subluxation and repeat injury, 
keeping the athlete poolside. 

Instability can be anterior, posterior, inferior, or a combina- 
tion. The more unstable the glenohumeral joint, the greater 
is the risk of developing a labral tear, a Hill-Sachs lesion, or 
a Bankart lesion. Radiographs, including an axillary view, 
should be obtained. If a labral tear is suspected, a magnetic 
resonance imaging (MRI) arthrogram can be ordered, but 
some of the newer MRI machines can identify labral injury 
without an injection. 

The mainstay of treatment is rotator cuff muscle strengthening 
and scapular stabilization. 


If instability is persistent despite rehabilitation, surgery to 
tighten the capsule may be warranted. Warn the swimmer 
that a more stable shoulder may limit his or her performance, 
as the arm reach likely will be reduced. 


Indication for stretching is limited. If the shoulder capsule is 
overstretched, the risk for instability and injury is increased (10). 


Elbow 


Triceps tendinitis can develop as a result of the full extension 
necessary in the backstroke. 

The ulnar collateral ligament may be stressed in the recovery 
phase of the freestyle leading to sprain. 

Treatment is with rest, nonsteroidal anti-inflammatory 
drugs (NSAIDs), and ice as appropriate. 





LOWER EXTREMITY INJURIES 





Breaststroker’s Knee 


The unique whip kick done in the breaststroke places a valgus 
stress at the knee. Due to these mechanics, breaststrokers 
have more knee complaints than swimmers competing in 
the other strokes. 

The valgus force created at the knee may contribute to 
medial collateral ligament sprain (12). The swimmer needs 
instruction on proper technique for prevention. 

The mainstays of treatment include rest, ice, and anti- 
inflammatory medications. 


Patellofemoral Pain 


The symptoms typical of patellofemoral syndrome also occur 
in swimmers usually due to the flutter kick, dolphin kick used 
in the butterfly stroke, and wall push off after flip turns. 
Treatment includes rest, ice, NSAIDs, and quadriceps strength- 
ening. Swimmers should be encouraged to train using a foam 
buoy between the thighs in order to rest the knees. 

Some swimmers may benefit from a neoprene patella stabi- 
lizing brace, which would substitute for McConnell taping. 


Foot/Ankle Problems 


E Extensor tendinitis may occur from the flutter kick or 
dolphin kick. Treatment includes rest, ice, and NSAIDs. Rest 
from the flutter kick is best achieved using a foam buoy. A 
lower extremity stretching program focusing on improved 
range of motion at the ankle will help in the recovery and 
also in prevention. 

E Local foot injury can occur if the swimmer kicks the side 
of the pool or gutter. This usually results in abrasions or 
contusions but occasionally may cause a fracture. Proper 
flip-turn technique will prevent foot injuries. 





BACK INJURIES 





Low Back Strain 


E The butterfly and breaststroke require hyperextension of 
the lower back to maintain body position and complete 
the stroke. The body roll done by freestyle and backstroke 
swimmers can also cause strain, especially when the swimmer 
fatigues. The athlete will tend to roll less at the hip and more 
at the shoulder, increasing the strain at the lumbar spine. 
High-level swimmers or masters swimmers have shown to 
have an increased risk of developing degenerative disc disease 
(7). Treatment includes core strengthening and return to 
fundamental stroke techniques. 


Cervical Strain 


E Swimmers can develop strain at the neck if head rotation 
is exaggerated during the breathing cycle. Proper body roll 
reduces excess rotation at the neck during breathing cycles. 


E The head rotation during the breathing cycle should only be 
enough to allow a breath, not bringing the face fully out of the 
water as some athletes do. As the swimmer moves forward, 
the water edge next to the mouth is cupped, allowing mini- 
mal rotation to achieve a sufficient breath. 

E The athlete should maintain head position along the long 
axis without lifting the head or tucking the chin down when 
taking a breath. 

During the breaststroke, the head and neck should remain in 
the same position throughout the stroke. The cervical spine 
should be aligned with the back. 


Spondylolysis/Spondylolisthesis 


E The hyperextension of the back required specifically in the 
butterfly and breaststroke can predispose a swimmer to the 
development of a spondylolysis. The swimmer will often 
complain of pain during flip turns and starts. Spondylolysis 
rarely progresses to spondylolisthesis. 

E Rest is the mainstay of treatment. Rarely will the athlete 
require bracing or surgery. 
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MEDICAL PROBLEMS COMMON IN 
SWIMMERS 





Asthma 


E In most of the world, swimmers train in enclosed pools that 
are both warm and humid. 

E Asthma diagnosis is more likely to be found in elite swimmers 
than other competitive sports athletes. It appears that athletes 
with asthma may gravitate to this environment because it is 
less asthmagenic (5). However, there is some evidence that 
inhaling chlorine by-particles causes bronchospasm. 

E Astudy involving the 1998 Winter Olympic Games swimmers 
revealed that 22.4% of swimmers reported either use of 
asthma medications or diagnosis of asthma or both (15). 

E Coaches and trainers need to be aware of the asthmatic 
swimmer and have appropriate emergency treatment at 
the pool. 


Otitis Externa 


E Otitis externa, or “swimmer’s ear,” is one of the most common 
medical problems encountered by daily swimmers. The many 
hours swimmers spend submerging their ears in pool or open 
water may lead to ear canal maceration and infection. 

E Topical treatment is effective. The swimmer should remain 
out of the pool for 2-3 days. 

E Preventive measures include drying the ear with a drying 
agent such as Vosol otic drops or a homemade mixture of 
50% vinegar and 50% alcohol. Using a hair dryer on cool 
setting is another option. Advise the swimmer to avoid trau- 
matizing the ear canal with Q-tips. 


Conjunctivitis 


E Bacterial conjunctivitis and chemical conjunctivitis present 
similarly as a red eye. The pool chlorine kills most bacteria, so 
transmission via pool is rare. Goggle wear will help prevent 
chemical conjunctivitis, which is a self-limiting problem. 


Sun Damage 


E For swimmers training in open water, close attention to the 
skin is important to prevent sunburn. 

E Twenty to 30 minutes prior to swimming, waterproof sun- 
screen should be liberally applied. There is no consensus on 
timing of reapplication of sunscreen. 


Swimmer’s Xerosis 


E After hours submersed in the water, the skin becomes dehy- 
drated and pruritic. Prevention is the key. Swimmers should 
apply lotion or body oil to their lightly patted skin after 
showering. The postswim shower should be short and with 
warm instead of hot water (1). 
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Green Hair 


Although not harmful, green hair can cause the swimmer 
undue anxiety. Application of 2% hydrogen peroxide to the 
hair and rinsing this out in 30 minutes will help remove the 
discoloration. 





LIFE-THREATENING ISSUES 





Drowning 


Drowning is a global problem, with more than 388,000 global 
drowning fatalities in the year 2004 as estimated by the World 
Health Organization (18). 

Prevention includes teaching people how to swim, en- 
couraging swimming in lifeguarded areas, avoiding swim- 
ming in dangerous conditions such as where rip tides or a 
strong undertow are present, and limiting exposure to very 
cold water. 

Most resuscitations occur at the water side, so it is important 
that lifeguards are taught field resuscitative techniques. Ide- 
ally, skills such as the use of the bag-valve mask, oral and 
nasopharyngeal airways, and the laryngeal airway could be 
taught to further reduce deaths. Anesthesiologists have been 
involved in teaching advanced training to first responders 
with the results ultimately leading to saved lives. 
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INTRODUCTION 





E Tennis is a sport that is enjoyed by tens of millions of people 
worldwide, with total participation continuing to increase 
over the past 30 years. It is estimated that in the United 
States, total tennis participation exceeds 30 million people 
annually (51). Tennis is a sport for a lifetime, with competi- 
tive tournaments available for those as young as 8 years old 
and those older than 90 years old. 


E The mechanics of tennis, a predominantly unilateral arm- 
dominant sport with repetitive motions, place the body at 
unique risk for injury. 


INJURY INCIDENCE 





E The exact incidence of injury in tennis has been elusive, be- 
cause definitions, methodologies, and populations vary widely 
between individual studies. A number of investigations have 
reported tennis injury incidence to be anywhere from 2 to 20 
injuries per 1,000 hours of tennis played (4,19,48). 

E In a comprehensive review of 28 epidemiologic studies on 
tennis injury that have been published since 1966, Pluim 
et al. (42) reported the incidence as ranging from 0.04 to 21.5 
injuries per 1,000 hours played (42). 

E This same investigation found that most injuries occurred 
in the lower extremity (31%-67%), followed by the up- 
per extremity (20%—49%), and lastly the trunk (3%—21%). 
The anatomic location of injuries was supported by a recent 
investigation of the injury profile of Swedish tennis players 
over a 2-year period (20). Other studies have confirmed that 
lower extremities predominate for the acute injuries, whereas 
chronic complaints are more common in the upper extremity. 

E The senior author investigated elite junior tennis players 
(15-18 years of age) at the United States Tennis Association 
(USTA) National Junior Championships (23). Based on a 
questionnaire, only 23% of girls and 45% of boys reported 
no injury that kept them from playing for 1 week or more, 
whereas 53% of girls and 29% of boys noted more than one 
injury in the past. 








Low back pain was the most common ailment for both 
genders (47% of girls, 31% of boys) followed by shoulder 
pain. Thirty-five percent of junior tennis players complained 
of shoulder pain at some point in time, whereas more than 
50% of older players and elite athletes note shoulder pain at 
some point in their career (23,24). 

Although there was no significant difference in the overall 
injury rate between boys and girls, there was a difference in 
the distribution of injuries. Girls sustained more injuries 
to the feet, leg, and wrist, whereas boys more commonly 
injured the ankle, groin, and hand (23). 





BACK INJURIES 





Back pain is very common in tennis players and was identified 
as the most common injury in junior tennis players (20). Forty- 
seven percent of female and 31% of male tennis players reported 
low back pain (currently or in the past), and low back pain has 
been reported in up to half of all professional players (24). 
Many cases of low back pain in players are muscular in 
nature. These players often complain of a shorter duration of 
pain, with discomfort usually being located in the paraspinal 
musculature away from the midline. 

Rest, physical therapy, and anti-inflammatory medications 
are appropriate treatment options for muscular discomfort 
in the back. 


Neurologic complaints, such as numbness, tingling, or weak- 
ness of the legs, are not seen with muscular-type discomfort 
and should warrant further investigation if noted. Persistent 
back pain or back pain that is not responsive to conservative 
measures should also be investigated. 

In the younger player, spondylolysis or spondylolisthesis is 
more common, whereas in the older player, intervertebral disc 
degeneration, disc herniation, and facet arthrosis may occur. 
Overuse is the major contributor to back injury in tennis 
players. In particular, back extension, such as seen during 
the service motion, is thought to be a main contributor to 
the development of pars lesions. The reported incidence of 
symptomatic defects of the pars ranges from 15% to 47% in 
the younger athletic population (13). 
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Spondylolysis 


Œ Players with spondylolysis will often complain of axial/ 
midline low back pain, and some will report radiation to 
the gluteal area or proximal lower extremity. The onset of 
pain may begin after an acute injury; however, it is more 
often gradual, with mild symptoms being present for some 
time. Pain is often exacerbated by back extension during the 
service motion. 


E Treatment of spondylolysis and low-grade spondylolis- 
thesis in the tennis player is typically nonoperative and 
includes prolonged periods of rest in addition to physi- 
cal therapy. Some clinicians prefer to place athletes with 
spondylolysis in a thoracolumbosacral orthosis or Boston 
brace to immobilize the low back to theoretically improve 
healing rates. This is controversial, however, because some 
evidence does support improved healing rates, whereas oth- 
er studies do not, and compliance can be challenging in this 
group (see Chapter 45, Thoracic and Lumbar Spine). Play- 
ers who do not respond to nonoperative treatment, as well 
as those with high-grade spondylolisthesis, may be surgical 
candidates. 





ABDOMINAL MUSCLE STRAINS 





E Abdominal muscle strains are one of the most tennis-specific 
injuries and occur at all levels of competition. 


Œ Most injuries in tennis involve the rectus abdominis contra- 
lateral to the dominant arm (30), usually occurring during 
the tennis serve. 


E With the open stance strokes now prevalent in tennis, there 
is an increased incidence of oblique muscle injuries reported 
as well (29). 


E Trunk rotation and flexion and lumbar extension are critical 
components of the serve, placing large forces on the abdom- 
inal wall musculature. Consequently, the most common 
injury mechanism of the abdominal muscles in tennis play- 
ers involves a forced concentric contraction of the abdominal 
musculature when the spine is completely hyperextended, as 
seen during the tennis serve (29). 


Œ With current open stance mechanics, more abdominal 
muscle activity is used for racquet speed generation and 
force to hit the ball harder, placing great strain on the ab- 
dominal muscles, putting these muscles at risk of strain 
injury. 

E The typical presentation for an abdominal wall mus- 
cle injury is a competitive player complaining of acute 
nondominant abdominal wall pain worsened by the service 
motion. 


E Treatment of abdominal muscle injury in the tennis player 
includes rest with or without cryotherapy followed by reha- 
bilitation exercises (30). 





SHOULDER 





Of upper extremity injuries, the shoulder is the most com- 
monly injured in tennis (10). 

The shoulder has the most motion of any major joint in 
the body, and this motion comes at the expense of stability. 
A careful balance between mobility and stability is neces- 
sary to maximize performance. Increased range of motion, 
particularly shoulder external rotation for serving, is benefi- 
cial for the tennis player who is trying to generate maximal 
velocity and spin with their strokes. Too much motion may 
result in increased reliance on soft tissues for stability, which 
may break down and result in shoulder instability. Many 
structures about the shoulder may be injured in tennis. 


Rotator cuff inflammation is common in tennis players of all 
levels (10). It usually occurs as a result of repetitive overhead 
serving motions. 


Symptoms include lateral shoulder pain with activity or at 
rest, pain with active arm abduction, or pain with internal/ 
external rotation of the shoulder. Tennis players particularly 
complain of pain while serving and hitting overheads or high 
volleys. 


Although rotator cuff inflammation may be the result of 
overuse, or outlet impingement, it may also be seen in other 
situations, such as rotator cuff tears, instability or microin- 
stability, superior labral anterior to posterior (SLAP) inju- 
ries, internal impingement, glenohumeral internal rotation 
deficit (GIRD), SICK scapula (see later section, “The Tennis 
Player’s Shoulder”), shoulder stiffness, os acromiale, or 
scapular dyskinesis. 


It is incumbent upon the tennis physician to determine the 
cause of rotator cuff inflammation and correct the cause. 
As such, if the cause is treated, the symptoms of rotator cuff 
inflammation will go away. 


Initial treatment includes rest and rehabilitation, with spe- 
cific emphasis not only shoulder motion (usually posterior 
capsular tightness), but also on rotator cuff strengthening 
and scapular stabilization muscle exercises (discussed later). 
Nonsteroidal anti-inflammatory medications may help 
with the pain to assist in rehabilitation, as can injectable 
corticosteroids. 


Aggressive treatment of rotator cuff tears is important in 
tennis players; Sonnery-Cottet et al. (49) have shown that 
repair of smaller rotator cuff tears results in a higher rate 
of return to tennis play as compared with players who have 
undergone repair of larger rotator cuff tears. 


Biceps tendonitis is another common complaint in tennis 
players and may be due not only to the overhead service 
motion but also the pronation/supination motions of the 
forearm required for forehands and backhands. The biceps 
may also become inflamed when the rotator cuff is inflamed 
and/or there is rotator cuff dysfunction as a result of strain, 
tendinopathy, or tearing. The biceps may become impinged 
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by the humeral head and acromion or due to its proximity 
to the inflamed rotator cuff. The biceps may also become 
inflamed when there is a concomitant SLAP lesion and/or 
coracoid impingement. 

Players may complain of pain in the anterior aspect of the 
shoulder and be point tender in this area. 


Treatment again consists of rest and shoulder rehabilitation. 
Oral anti-inflammatory medications have a role in the treat- 
ment of biceps tendonitis, whereas the use of injectable 
corticosteroids remains controversial. 


The Tennis Player’s Shoulder 


Although scapular dyskinesis and capsulolabral changes 
within the overhead athlete’s shoulder usually do not directly 
cause symptoms, they can combine in various ways to cause 
dysfunction and pathology in the shoulder. 

These changes take time to develop and are therefore usually 
seen in players who participate in tennis on a frequent basis 
and over a long period of time. 


Alterations in scapular motion or position can significantly 
affect overall glenohumeral biomechanics, as the scapula is 
critical in shoulder function. 


The term “SICK scapula” was introduced to describe a 
pathologic state of the scapula seen in overhead athletes that 
is characterized by (a) scapular malposition, (b) inferior me- 
dial border prominence, (c) coracoid pain and malposition, 
and (d) kinesis abnormalities of the scapula (9,22). 
Clinically, this syndrome can be recognized by a drooping 
shoulder on the player’s dominant side, along with scapular 
asymmetry on inspection. The scapular asymmetry can be 
further elucidated by slowly adducting the abducted shoul- 
der or with repeated slow forward elevation as the hands are 
brought from the side to eye level and back down again. 


Players may complain of anterior, posterior, or superolateral 
shoulder pain. 


A careful history and physical exam should be undertaken to 
recognize these constellation of findings instead of attribut- 
ing the player’s pain to other isolated lesions. 

It has been recognized that tennis players develop an increase 
in external rotation of the dominant shoulder at the expense 
of internal rotation, leaving the total arc of shoulder rotation 
unchanged (5). 

When there is a greater loss of internal rotation than gain in 
external rotation and the difference between the dominant 
and nondominant arm in internal rotation is greater than 
25 degrees, then the potential for injury is considered greater 
and falls under the umbrella of GIRD (8,9). 


Kvitne and Jobe (25) initially proposed that repetitive load- 
ing in the 90/90 position (late cocking phase of the tennis 
serve) caused microtrauma to the anterior shoulder capsu- 
lar structures and the anterior labrum, causing subtle an- 
terior instability. This instability allows the humeral head 
to translate anteriorly, bringing the greater tuberosity of 
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the humerus and the rotator cuff in close proximity to the 
posterior glenoid. 

This was one theoretical etiology of internal impingement 
(56), where the undersurface of the posterosuperior rota- 
tor cuff (supraspinatus and infraspinatus) may impinge be- 
tween the humeral head and the posterosuperior rim of the 
glenoid. This damages the rotator cuff tendons and may also 
lead to posterior superior labral pathology. 

Players usually complain of pain in the posterior shoulder 
with overhead activity. 

Alternatively, this anterior instability could also cause overuse 
of the rotator cuff by trying to maintain shoulder stability. 
More recently, basic science research has shown that poste- 
rior capsular contracture results in posterior shoulder tight- 
ness and internal rotation contracture and this contracture 
results in altered humeral head motion, resulting in internal 
impingement (7). 

Posterior capsular contracture as a result of posterior rotator 
cuff inflammation or hypertrophy of the posterior inferior 
glenohumeral ligament (IGHL) results in altered humeral 
head motion in the 90/90 position. 

The humeral head moves in a posterior and superior direc- 
tion in the 90/90 position with posterior IGHL contracture, 
leading to increased posterior superior labral wear (including 
SLAP tears), internal impingement, and possibly SLAP tears 
through the “peel back” mechanism (7,8). 

The time of greatest risk for progression of pathology is when 
the player’s GIRD exceeds the external rotation gain (8). 
Treatment of these shoulder pathologies is usually nonop- 
erative initially. 

Rehabilitation exercises should focus on the inciting factors, 
such as the posterior capsular tightness and any scapular dys- 
kinesis that may be present. Posterior capsular stretching exer- 
cises include the “sleeper stretch” and “cross-body stretch” (12), 
whereas scapular dyskinesis can be addressed by a number of 
exercises that specifically target the scapular stabilizers (9). 
Restoration of rotator cuff muscle balance and propriocep- 
tive exercises are also important parts of the rehabilitation 
protocol (12). 

Should nonoperative management fail to improve symp- 
toms, surgical management includes repairing the SLAP 
lesions, if present (8), and possibly cutting the posterior 
IGHL to gain internal rotation. 

One investigation reported good outcomes in patients 
undergoing combined SLAP and rotator cuff repair (55). 





ELBOW 





Lateral Epicondylitis 


E The common term for lateral epicondylitis is “tennis elbow,” 


although tennis is only involved in approximately 5%-10% 
of cases (17). 
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The pathology is caused by degeneration of the deeper fibers 
of the extensor carpi radialis brevis (ECRB) and is attribut- 
able to overuse of wrist extension and excessive pronation/ 
supination. 

There is no inflammation, and thus “epicondylitis” is a 
misnomer (57). 

Causes of lateral epicondylitis in tennis include overuse 
of wrist extensors, weak forearm and shoulder muscles, 
vibration resulting from string tension and racquet stiff- 
ness effects, undersized or oversized grips, and use of a 
one-handed backhand with poor form. 


Treatment of lateral epicondylitis is primarily nonoperative, 
with 90% of patients responding to conservative measures 
(34). These measures include rest, anti-inflammatory medi- 
cations, cock-up wrist splints, physical therapy focusing on 
stretching and eccentric strengthening of the wrist extensor, 
and use of counterforce bracing when returning to activity. 


Injection of corticosteroids has been a mainstay of treatment 
for some time (26), but the senior author uses them as an 
adjunct to physical therapy — reducing the pain so the 
player can perform the rehabilitation exercises. 
Corticosteroid injections alone have not been shown to be 
efficacious in prospective randomized trials. 


Iontophoresis has been shown to have benefit in the manage- 
ment of the player with tennis elbow (36), and there has been 
some interest in topical nitric oxide as preliminary prospec- 
tive randomized control trials have supported both these 
therapies (37). 

There is also some recent interest in platelet-rich plasma 
(PRP), although the evidence to support PRP use in lateral 
epicondylitis is lacking. 

Recalcitrant cases may be treated with debridement of the 
disease tissue either through an open technique (35) or 
arthroscopically (3,27). 


Medial Epicondylitis 


Although tennis elbow is common in the recreational 
tennis player, medial epicondylitis is seen more often in the 
high-level player. This is likely the result of overuse of the 
wrist flexor/pronator muscles from hitting top spin and 
snapping the wrist into flexion during the service motion. 
Also, repeatedly hitting the ball late can result in increased 
stresses to the medial elbow. 


The flexor carpi radialis and pronator teres are most fre- 
quently affected, and the pathology looks the same as lateral 
epicondylitis. 

Treatment is similar to lateral epicondylitis, although caution 
should be taken with a counterforce brace, because that may 
compress the ulnar nerve. 


Ulnar Collateral Ligament Injury 


Tennis players place tremendous tensile strain on the medial 
elbow, particularly the ulnar collateral ligament (UCL), 


although injuries in these areas are uncommon in tennis. 
These forces are highest during the late cocking and early 
acceleration phases of the service motion and may also be 
notable during the forehand groundstroke, especially when 
hitting the ball late (15). 

E The most common causes of UCL injury in the tennis player 
is chronic attenuation due to repetitive performance of the 
service motion. 

E However, UCL injuries may occur as a result of altering kine- 
matics due to pain or injury proximally in the kinetic chain, 
such as the shoulder, back, or hip. 


E A detailed history and examination of the player with medial 
elbow pain is important because pain in this location may be 
due to a number of pathologies. 

E Players with UCL injuries will typically complain of a loss of 
“pop” or “zip” on the serve (loss of power/velocity) and have 
pain during the late cocking or early acceleration phases. 

Œ Most tears in adults are within the midsubstance of the liga- 
ment, whereas in adolescents, they often are avulsions from 
the humerus. 


E Treatment of UCL injury may include both operative and 
nonoperative measures. 


E Nonoperative measures include rest/cessation of overhead 
sport activities, anti-inflammatory medications, and physical 
therapy. Physical therapy includes an intensive elbow pro- 
gram that excludes exercises that place valgus stress on the 
elbow. 


E Average rates of return to sport with nonoperative treatment 
range from 42% to 50% (44). 


E Operative treatment consists of reconstruction of the torn 
ligament, usually using a free graft. There have been many 
modifications since the original technique described by Jobe 
et al. (21). 

E Return to sport (including tennis) following operative inter- 
vention has been reported to be 80%—90% (14). 


Valgus Extension Overload 


E Valgus extension overload (VEO), an elbow condition that is 
almost exclusively seen in overhead athletes, involves the for- 
mation of posteromedial osteophytes, posteromedial chon- 
dromalacia, and risk of olecranon stress fractures. 

E During the serving or overhead throwing motion, the medial 
aspect of the elbow (UCL) experiences tensile forces while 
compressive forces are seen in the lateral portion of the 
elbow (radiocapitellar joint), and posteriorly, the olecranon 
is compressed within the tight-fitting olecranon fossa. 

E Repetitive and forceful shearing and abutting of the olecra- 
non within its fossa leads to VEO and can be exacerbated 
by forceful elbow extension in follow-through and/or UCL 
insufficiency (2). 

E Athletes commonly complain of posteromedial elbow pain 
during both the acceleration and follow-through phases of 
the overhead motion. Complaints of locking or catching and 
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an inability to straighten the elbow fully may also be encoun- 
tered due to loose bodies. 

Although VEO may occur as an isolated phenomenon, 
it more often occurs in the presence of laxity due to UCL 
attenuation; thus, the clinician should have a high index of 
suspicion for UCL injury. 

Initial treatment begins with rest and anti-inflammatory 
medications, followed by an evaluation of serving or throwing 
mechanics to identify areas for technique improvement (1). 
Failure of nonoperative management is an indication for 
surgery in those with VEO. Classically, an open procedure 
to remove olecranon osteophytes and loose bodies was per- 
formed; however, an increasing proportion of VEO is now 
being treated arthroscopically because this is less invasive 
and allows assessment of the anterior elbow as well (2). 
Assessment of the UCL is mandatory, and reconstruction 
(if needed) should be considered in the setting of a torn or 
severely attenuated ligament. 





WRIST 


Tendonitis 


Wrist complaints are common in tennis players (23). 
Nondominant wrist pain is particularly common in players 
using a two-handed backhand. 

One investigation of female junior tennis players found 29% 
and 25% prevalence rates of dominant and nondominant 
wrist pain, respectively (24). 

Tendonitis of the wrist may develop in tennis players who 
place large amounts of spin and/or velocity on the ball 
because this places extra demand on the muscles and ten- 
dons of the upper extremity. 

Improper technique in novice players may also be a contrib- 
uting factor to the development of tendonitis. 

Wrist extensors are more commonly involved, but wrist 
flexor tendonitis may also be present. 

Of the wrist extensors, the extensor carpi ulnaris (ECU) 
is often involved. This presents as ulnar-sided wrist pain, 
and as with other forms of wrist tendonitis, overuse and/or 
improper technique is usually the cause. 

Subluxation or complete rupture of the ECU tendon can also 
be seen in the tennis player (32). As such, one should elicit a 
history of snapping about the wrist. 

ECU subluxation and/or ECU rupture usually requires 
surgical correction for return to play. 

ECU tendonitis is frequently associated with triangular 
fibrocartilage complex (TFCC) tears (the ECU subsheath is 
a part of the TFCC) or ulnocarpal abutment (24). 

Other tendons involved in the development of wrist tendon- 
itis in the tennis player include extensor pollicis brevis (EPB)/ 
abductor pollicis longus (APL) (de Quervain tenosynovitis), 
extensor digitorum communis (EDC), and wrist flexors. 
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de Quervain tenosynovitis likely develops from mechanical 
irritation of the EPB and APL tendon sheaths near the radial 
styloid of the radius. 


Treatment involves cessation of activity, anti-inflammatory 
medication, thumb spica immobilization, corticosteroid 
injection, and, in recalcitrant cases, surgical debridement 
with release of the sheath. 

Rest, anti-inflammatory medications, and immobilization 
are typically also successful in the treatment of EDC and 
wrist flexor tendonitis. 


Triangular Fibrocartilage Complex Injury 


Triangular fibrocartilage complex injuries in tennis players 
remains a well-recognized cause of ulnar-sided wrist pain in 
racquet sport athletes (33). 


Players may report ulnar-sided wrist pain of a mechanical 
nature, swelling, weakness, or a sense of instability that is 
increased with the performance of forehands or backhands. 
The nondominant wrist may also be involved in players with 
two-handed backhands. 


Although somewhat controversial, most clinicians recom- 
mend a magnetic resonance imaging (MRI) arthrogram to 
confirm the diagnosis of a TFCC tear. 


Occasionally, TFCC tears are accompanied by instability of 
the distal radioulnar joint (DRUJ). Piano key assessment of 
the DRUJ for side-to-side instability can help confirm this 
diagnosis. 

When a TFCC tear is seen with a DRUJ instability, acute 
surgical treatment is needed. 

Without DRUJ instability, initial management of TFCC injury 
is nonsurgical, although high-level athletes may opt for initial 
surgical management in order to return to play more quickly. 


Standard nonsurgical treatments include temporary splint 
immobilization of the wrist and forearm, oral nonsteroidal 
anti-inflammatory medication, corticosteroid joint injec- 
tion, and physical therapy (18). 

Surgical management includes arthroscopic techniques of 
repair or debridement, depending on the pathology present. 
Open techniques may be needed when ligament reconstruc- 
tion is indicated in the setting of DRUJ instability. 

Prognosis for return to play is excellent following treatment 
of TFCC injuries (31). 


Miscellaneous Causes of Wrist Pain 


Other causes of wrist pain may include fracture of the 
hook of the hamate (from impaction of the wrist against 
the bottom of the racquet handle), chondromalacia of the 
pisiform, radiocarpal arthritis, triquetrolunate ligament in- 
jury, ulnar nerve compression in Guyon canal, medial nerve 
entrapment at the wrist (carpal tunnel syndrome), and ulnar 
artery thrombosis. 


A recent report has also documented a group of tennis 
players with stress injury to the lunate (28). 
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Lastly, stress fractures of the nondominant ulna (two-handed 
backhand players) and stress fractures of the distal radius 
and ulna of the dominant wrist may also present as wrist 
pain. 

Falling on an outstretched hand in tennis may result in any 
number of acute injuries to the hand and wrist. 





HIP/THIGH 





Muscle Strain 


Hip and thigh injuries account for anywhere between 6%- 
14% and 11%-29% of all tennis injures, respectively (24). 
Most of these injuries are muscle strains, with hip adductor 
muscles and hamstrings being the most commonly involved. 


Adductor muscle strains are usually caused by sudden lateral 
changes in direction or sliding on clay courts when players’ 
legs may be at maximum abduction (“doing the splits”). 
These movements place the adductors on maximum stretch 
and thus predispose them to strains or tears. 


Those with decreased hip range of motion have been shown 
to be at increased risk for groin injury (53,54). 


Among the adductor group, the adductor longus is most 
commonly injured (52). 


Hamstring injuries may occur at either the proximal or distal 
end of the muscle and are usually associated with explosive 
accelerations. 


Although less common, hip flexor and quadriceps strains/ 
tears may also occur. As with quadriceps, Achilles, and 
rotator cuff tears in the general population, older players are 
more susceptible to these tendon ruptures. 


Players may present with medial thigh or groin pain and may 
or may not recall a specific inciting event. 


In cases where the history and physical examination are 
equivocal, MRI may be helpful to confirm the diagnosis 
and differentiate between other causes of groin pain such as 
osteitis pubis and sports hernia (47). 


Management of adductor strains is almost always nonopera- 
tive, with rest, ice, and physical therapy when tolerated. 


There is controversy about the treatment of the acute 
rupture/avulsion, although currently, the pendulum favors 
nonoperative management. 


Femoroacetabular Impingement 


Since the initial description in 1994, femoroacetabular im- 
pingement (FAI) has become an increasingly recognized cause 
of hip pain in athletes and tennis players in particular (39). 


The typical presentation is that of a tennis player reporting 
groin pain or anterolateral hip pain that is worsened during 
activity. Onset is usually insidious without a specific precipi- 
tating event. 


E Players may complain of pain when putting on their socks/ 
shoes, as well as lunging for a low ball. Eventually, the pain 
may affect the power of their serve, putting other structures 
in the kinetic chain at risk. 

E Examination for FAI includes limited hip internal rotation 
(as measured in 90 degrees of flexion), as well as pain in flex- 
ion (to 90 degrees), adduction, and internal rotation. Labral 
stress or scour tests also may result in pain and/or clicking. 

E Initial imaging should include plain radiographs, which may 
show the presence of the cam or pincer lesion. Further imag- 
ing should include a magnetic resonance arthrogram (MRA) 
of the involved hip to delineate intra-articular pathology, 
such as labral tears, that may be present. Many clinicians also 
inject anesthetic into the hip at the time of MRA. 


E If patients have pain relief following injection, then intra- 
articular hip pathology can be confirmed as the source of 
pain. Intra-articular sources of pain in tennis players include 
labral tears, chondral injury, synovitis, and ligamentum 
teres tears, which may be the result of FAI, hip instability, 
or trauma. Rarely, do atraumatic labral tears occur without 
bony dysmorphology or instability. 

E Treatment of confirmed FAI with intra-articular pathology 
is usually surgical. The key to surgical treatment is to address 
the cause of the pathology (either the cam and/or pincer 
lesions), as well as any damage to the cartilage or labrum that 
has resulted, which may be done through open surgical dis- 
location or arthroscopically (11,16). 

E Return to sport for professional athletes, including tennis 
players, after FAI treatment has been documented (39). 





KNEE 





Knee Pain 


E Knee pain in the tennis player is common. This stems from the 
fact that there is a lot of stopping and starting in tennis, with 
sudden changes in direction, lunging, straightening the bent 
knee when serving, and the ready position with the knee bent. 

E Statistics from the USTA national teams show that 19% of 
all injuries are knee injuries, with 70% of the injuries being 
traumatic and 30% being overuse (24). 

E In middle-aged and elderly players, the most common 
injuries are meniscus injuries and degenerative cartilage 
problems. 

E In younger individuals, patellofemoral pain syndromes are 
the most frequent problems (43). 

E Acute knee injuries, such as meniscus tears and ligament 
sprains, are less common in the tennis player but do occur 
due to the twisting demands of the knee during play (41). 

E The patellofemoral joint in particular is susceptible to 
overuse injuries. These injuries include patellar tendonitis 
(jumper’s knee), patellar instability, and patellofemoral syn- 
drome or chondromalacia patellae. 
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Players with patellar tendonitis typically relate a history 
of a recent period of increased playing time or intensity. 
Discomfort is usually during sports participation but may 
occur with activities of daily living as the disease progresses. 

Treatment for patellar tendonitis incorporates cessation or 
limitation of play, anti-inflammatory medication, and physical 
therapy for strengthening of the muscles about the knee (38). 

Although an acute patellar dislocation is typically dramatic, 
patellar instability is another subtle cause of anterior knee 
pain in the tennis player. 

Athletes may not be able to recall a discrete dislocation event 
but rather multiple individual episodes of anterior knee 
pain. Players may complain of pain near the medial facet of 
the patella or on the lateral aspect of the medial femoral con- 
dyle if the medial patellofemoral ligament (MPFL) has been 
compromised (50). 

Initial treatment of patellar instability and nonspecific 
patellofemoral pain in the tennis player is nonoperative 
and should focus on quadriceps (especially vastus medialis 
oblique) and hip external rotator strengthening. 

Patellar stabilization braces, particularly those with an active 
system to prevent lateral subluxation, and/or McConnell 
taping may be beneficial. For those with pes planus, orthotics 
(usually off-the-shelf) should also be considered to help 
dynamic, weight-bearing alignment. 

If physical therapy is not successful and chronic instability or 
dislocation occurs, a number of surgical options exist, includ- 
ing lateral release, MPFL repair/reconstruction, tibial tubercle 
osteotomy, and/or trochleoplasty, although these latter bony 
procedures may affect the ability to return to high-level play. 





LEG/ANKLE/FOOT 


Tennis Leg 


Tennis leg is described as a strain or partial tear of the medial 
head of the gastrocnemius muscle (6). The condition typi- 
cally occurs when a player forcefully pushes off to begin a 
sprint to the ball. 


Players will report an acute episode of pain in the back of the 
lower leg at the calf muscle, and some have described it as 
though they were hit with a tennis ball on the back of the calf. 
Treatment involves rest, ice, elevation, and physical therapy. 
Specifically, stretching of the injured muscle is initiated, and 
as pain allows, strengthening of the gastrocnemius muscle 
is begun. Walking with a heel lift is used initially, and then 
the lift is worn when first returning to play. Return to play is 
guided by resolution of symptoms. 


Ankle Sprains 


Ankle sprains are the most common macrotrauma injury 
occurring in tennis due to the frequent starting, stopping, 
and pivoting motions required (24). 


E The term “ankle sprain” is a general term and may refer to injury 
to the lateral, medial, or syndesmotic ankle ligaments. Injuries 
to the syndesmotic ligaments are termed “high ankle sprains.” 

Of these types, injuries to the lateral ankle ligaments are 
most common (45). The lateral ankle ligaments include the 
anterior talofibular ligament (ATFL), calcaneofibular liga- 
ment (CFL), and the posterior talofibular ligament (PTFL). 


E Those with previous ankle sprains are at highest risk of 
sustaining another. In addition, those with incompletely 
rehabilitated ankle sprains are at higher risk of recur- 
rent sprain than those who have undergone a complete 
rehabilitation program that includes strengthening and 
proprioception exercises. 

E Players will note an acute event where the foot usually be- 
comes plantarflexed and experiences a supination moment, 
therefore placing stretch on the lateral ankle ligaments and 
the ATFL in particular. They will often report immediate 
swelling and pain in the area depending on the severity of 
the injury. 

E Initial treatment of ankle sprains includes a combination of 
rest, ice, elevation, compression, immobilization, and initia- 
tion of physical therapy to restore ankle strength, flexibility, 
and proprioception (46). 

E Although this is the general treatment for all grades of 
ankle sprains in the United States, there is a trend in some 
European countries to treat acute grade III sprains opera- 
tively with ligament repair (40). 

E ‘Taping or bracing of players who sustained a previous ankle 
sprain may help reduce a recurrence of ankle sprain. 


E High ankle sprains take longer to heal, and those with insta- 
bility of the distal tibiofibular joint may require surgery to 
stabilize this joint. 


Tennis Toe 


E The feet are subject to many maladies in tennis, including 
plantar fasciitis, metatarsalgia, metatarsal stress fractures, 
blisters, and corns. Another foot injury in tennis is the tennis 
toe. Although it is not seen only in tennis, we will discuss it 
here, especially because it is named after the sport. 

E Tennis toe is an injury to the great toe or second toe from 
forceful and repetitive abutment of these toes against the toe 
box of the shoe. 

E This can lead to subungual hematomas, nail bed injuries, or 
injury to the interphalangeal or metatarsophalangeal (MTP) 
joints. 

E This injury is more common when the shoe is too big or too 
small for the player’s foot. Severe hematoma may result in 
the nail falling off the toe. 

E In some cases, decompression of the hematoma, usually by 
drilling (or burning) a hole in the toenail, is beneficial when 
there is significant pain. 

E Adequate padding of the toe box and well-fitting shoes are 
important in prevention of this problem. 
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ADOLESCENT TENNIS INJURIES 





E Muscle and ligament strains and sprains from overuse are 
the predominate injuries in the young player. 


E Injuries to the lower extremity are twice as common as 
injuries to the spine and upper extremity. 


E Injuries to the foot, leg, and wrist prevail in the female 
adolescent player, whereas injuries to the ankle, groin, hand, 
abdomen, and back prevail in the male adolescent player. 


E Overall predominance of injury pattern: strains > inflam- 
mation > sprain. 


Physeal Injuries 


Œ Wrist epiphysitis: 
E Repeated hyperextension and rotation of the wrist caus- 
ing inflammation of the distal radius epiphysis. 


E This is commonly seen in adolescent players who attempt 
to put top spin on the ball. 


E Premature closure of the growth plate is a potential 
complication of this process. 


E Players note a warm, swollen bump on distal radius that 
is tender to palpation. 


E Radiographs of the distal radius may assist in making the 
diagnosis. 

E Treatment strategies range from activity modification 
and wrist immobilization to surgery for treatment of an 
associated fracture or for premature physeal closure. 


E Players with wrist epiphysitis should avoid push-ups and 
flatten strokes, avoiding top spin. 


E Traction to the apophysis at the greater/lesser tuberosity of 
the humerus: 


E Rest and activity modification are the mainstays of 
treatment. 


E Upon return to play, the player should start with ground 
strokes only. High volleys and serves should be gradually 
incorporated. 


E Humeral medial epicondyle apophysitis (adolescent medial 
tennis elbow): 


E Overuse injury resulting from the repetitive muscular 
contractions of the forearm and wrist flexors during 
forehands and serves. 


E Players note a mildly swollen, tender prominence of the 
medial elbow. 


E Players may sense a decrease in their ability to serve at full 
speed and to fully straighten the elbow. 


E Use of a racquet with vibratory dampening character- 
istics, an oversized/light/stiff head, flexible shaft, a large 
cushioned grip (that is comfortable to the player), and 
low-tensioned strings of gut or high-quality synthetic 
strings is recommended. 


E Activity modification with limitations on the intensity of 
conditioning/play and amount of serving, overhead play, 
throwing, and heavy lifting is encouraged. 


Osgood-Schlatter disease: 


E Shoe wear modification for increased shock absorption 
and stability, stretching of the quadriceps and ham- 
string musculature to decrease the tension of the muscles 
pulling on the patellar tendon, training on soft surfaces 
(clay or sandy surfaces), and use of a patellar tendon 
strap are recommended. 


Sever disease: 
E Most common cause of heel pain in the adolescent player. 


E Prevention and treatment entail proper stretching and 
use of a heel support that provides cushioning, shock 
absorption, and decreased tension on the Achilles tendon. 





CONCLUSION 





E Tennis is a sport enjoyed by millions of people around the 


world. There are a multitude of injuries that are particular to 
tennis and overhead sports athletes. Back injuries are quite 
prevalent in tennis players. 


Although lower extremity injuries, such as ankle sprains, are 
the most common acute injuries, upper extremity injuries 
are the more frequent chronic injuries, with GIRD being a 
major cause of shoulder problems. 

Tennis elbow is more common in recreational players, 
whereas medial epicondylitis is more common in high-level 
tennis players. 
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E The popularity of the sport has led to the introduction of 








TRIATHLONS 





B® A triathlon is a unique multidisciplinary event, consisting of 


sequential swim, bike, and run legs. The concept was initially 

developed as an alternative to standard marathon or 10-km 

training programs. In 1974, members of the San Diego Track 

Club hosted a first of its kind swim-bike-run event in and 

around the waters of California’s Mission Bay. That three- 

event race was called a triathlon, and to this day, the triathlon 
remains one of the most popular participation and spectator 
endurance events worldwide. 

E John Collins, a veteran of the first Mission Bay Triath- 
lon, was influential in the further development of the 
sport. He is responsible for combining three endurance 
events — the Waikiki Rough Water Swim, the Around- 
Oahu Bike Ride, and the Honolulu Marathon — into 
one of the world’s most recognized and demanding 
competitions, The Ironman. 

E Popularity and growth led to the establishment of the 
International Triathlon Union and the inaugural World 
Triathlon Championship competition in 1980. Interna- 
tional recognition resulted in the continued growth of 
the sport through the 1990s into the new century, with 
inaugural triathlon competitions in the 1994 Goodwill 
Games in Leningrad, 1995 Pan Am Games in Argentina, 
and the 2000 summer Olympic Games in Sydney. 

4 The popularity and growth of triathlons continue. USA 
Triathlon (USAT) recorded a sixfold rise in membership 
from 1999 to 2009 and now reports 115,000 members. 
The International Triathlon Union has 122 member na- 
tions, and Australia alone has over 160,000 Australians 
participating annually in the sport (12). 

Triathlons are a unique sport that encompass all fitness- 

related variables: cardiorespiratory endurance, body compo- 

sition, muscular strength, endurance, and flexibility. 

Triathlon governing bodies recognize four standard race 

types based on distance (17). The races are sometimes listed 

by the total number of kilometers (e.g., Ironman is a 225.8). 

E Sprint (0.75-km swim, 22-km bike, 5-km run) 

E Olympic (1.5-km swim, 40-km bike, 10-km run) 

E Half-Ironman (1.9-km swim, 90-km bike, 21-km run) 

E Ironman (3.8-km swim, 180-km bike, 42-km run) 


short- or fun-distance triathlons, usually about half the 
distance of a sprint triathlon (12). 





VOCABULARY 





E Like all sports, triathlons and triathletes have a unique 


vocabulary. A few of the more common terms are included 
here to aid in the understanding of these athletes. 


E Bonking — a reference to when a competitor begins to 
lose the ability to concentrate, feels disoriented and overly 
fatigued, and at times, is unable to continue on in a race. 
Bonking occurs when energy intake does not meet energy 
expenditure and glycogen stores are depleted. The regular 
intake of carbohydrates during prolonged competitions 
can prevent this condition from occurring. 


E Transition zone — an area of controlled chaos where 
athletes change from swimmer to cyclist and from cyclist 
to runner (T1 and T2, respectively). 


E Traumatic tattooing — skin discoloration resulting from 
debris that was deeply embedded in the skin following an 
abrasion from skidding on pavement. 


E Brick (Bike-Run-Ick) — a training method or workout 
used to simulate race conditions. It involves training 
on the bike and running in the same day and is used to 
simulate the bike—run transition, which many feel is the 
toughest part of the race. 





INJURY EPIDEMIOLOGY 





E Triathletes compete and train in three distinct events, each 


of which predisposes the athlete to its own set of injuries. 
Injuries specific to an individual component event of the 
triathlon will be covered in that specific chapter. 


E Theoretically, it is possible that triathletes would have 


fewer overuse injuries compared to other one-sport en- 
durance athletes because triathletes spend much of their 
time cross-training. The contrary may also be true; 
triathletes suffer from the cumulative effect of three 
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distinct injury-producing events and are susceptible to 

more injuries (7). 

E Injuries are defined as any musculoskeletal problem that 
causes a cessation of training for at least 1 day, a reduction 
in training mileage, the taking of pain medication, or the 
seeking of medical aid. 


E Cycle and run training may have a cumulative stress influ- 
ence on injury risk. The tendency of triathletes to modify 
the training regimen by increasing the load in another 
discipline from that which the injury occurred rather than 
stop training when injured increases the risk of injury re- 
currence and the time until full rehabilitation (27). 


Research has demonstrated injury rates among triathletes 
to be anywhere from 37% to 90% annually, with roughly 
50% of injuries occurring solely during the preseason, 37% 
occurring in-season, and the remainder overlapped between 
seasons. 


E Overuse injuries are the primary reason for triath- 
lete injury and comprise 68% and 78% of the injuries 
sustained during preseason and in-season, respectively. 
Acute injuries due to trauma make up the difference. 


Injury incidence: 2.5-5.4 injuries per 1,000 hours of triathlon 
training and 4.6-20.1 injuries per 1,000 hours of triathlon 
competition have been reported. These rates are higher than 
the reported incidences of 3.9 and 2.5 injuries per 1,000 
hours of training for track and field and marathon running, 
respectively (5,6,7,12). 


E Running injuries account for 65%-78% of the total 
injuries, cycling injuries account for 16%-37% of the 
total injuries, and swimming accounts for 11%-21% of 
the injuries experienced by triathletes (17). 


4 Tliotibial band syndrome, patellofemoral pain syndrome, 
and patellar and Achilles tendinosis are common injuries 
from running. 


4 Aeroneck — neck pain and stiffness caused by pro- 
longed sitting with the shoulders hunched, the 
neck hyperextended, and the arms tucked tightly in 
underneath the chest. This is a complaint that many 
triathletes have after or during the cycling portion of 
the race. 


Oo 


Patellofemoral pain, quadricep strains, and calf strains 
are common cycling injuries (2). 





Q Corneal abrasions frequently result from having the 
goggles kicked off the face at the congested start of the 
swim phase (15). 

E Despite differences in the number of training sessions, 

weekly total mileage, and workout duration, there has 

been no reported difference in the injury prevalence, 
distribution, or severity among triathletes who vary in 

skill from elite to recreational (27). 


E Predictors of injury: 


4 Total weekly training distance, weekly cycling distance, 
swimming distance, and total number of workouts 


(swimming, cycling, and running) per week, but sur- 
prisingly not running distance per week, are all associ- 
ated with an increased incidence of running injuries 
(15,28). 

The total amount of time spent running and cycling, 
but not total distance, negatively influences the inci- 
dence of cycling injuries (29). 


oO 





oO 


The most significant predictor of injury in the pre- 
season is number of years of experience in triathlons. 
More experienced triathletes have a higher injury 
rate (17). 

The most significant predictor of injury during the sea- 
son was a history of previous injury and high preseason 
running mileage (> 20 miles per week) (9,30). 


(E 
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Training errors, most specifically improper technique, 
have been frequently associated with injuries related 
to cycling and swimming. 

E Running-related injuries are the most prevalent injuries 
seen in triathletes. Athletes who spend greater amounts 
of time training in cycling and swimming are at higher 
risk for running-related injuries. This may be because 
there is less time for overall muscle recovery (30). 


E Specific injury rates 


E Cardiovascular — Cardiac muscle fatigues and is 
stressed while performing endurance events, similarly to 
skeletal muscle. Troponin T levels are elevated in 27% 
of Ironman Triathlon finishers, and echocardiograms 
have demonstrated a 24% reduction in postrace ejection 
fractions compared to prerace values. There are no pub- 
lished data concerning the rate of fatal cardiac compli- 
cations in triathletes. We do know from the marathon 
literature that fatal cardiac complications are uncom- 
mon (1 in 50,000 competitors) (14,19). The published 
fatality rate in triathlons is 1.5 in 100,000, with 13 of 
14 deaths occurring during the swim. Drowning was the 
declared cause of death in all swimming deaths, but au- 
topsies revealed a high prevalence of cardiovascular ab- 
normalities (15). 


E Gastrointestinal bleeding — 8%-30% of marathoners 
have evidence of intrarace or postrace gastrointestinal 
bleeding. Blood shunting to exercising muscles causes 
relative intestinal ischemia and, combined with elevated 
core body temperatures, leads to cellular death and 
gastrointestinal bleeding. 


E Abdominal cramping — May be associated with com- 
petitors who consume a diet high in fiber before the race. 
Also seen with the excess consumption of carbohydrates 
before or during the race. 


E Diarrhea (runners trots) — Abdominal pain and 
diarrhea associated with prolonged running or biking. 
This condition is caused by ischemic changes in the 
bowel due to the shunting of blood to exercising muscles. 
This may occur during or shortly after the completion of 
the race. 


Nausea and vomiting — Eating 30 minutes before a 
triathlon is highly associated with vomiting during the 
swim. A diet high in fat or protein and the consumption 
of hypertonic beverages result in a higher rate of nausea 
and vomiting among competitors. 


Hematology — 30% of triathletes demonstrate micro- 
scopic hematuria and 95% have a decrease in haptoglobin 
after an event. These numbers demonstrate that foot- 
strike hemolysis, renal ischemia, and bladder contusions 
are frequent occurrences. 


Infectious diseases — Fresh water swimming in high-risk 
areas has resulted in triathletes developing leptospirosis. 
Lyme disease in endemic areas may also raise the 
potential risk to triathletes competing in extreme-course 
triathlons. 


Sunburn — Sun protection factor (SPF) sunscreen 
of at least 15, a hat or visor, SPF-rated clothing, and 
ultraviolet protective sunglasses are recommended to 
prevent the burning effects of the sun during training 
and competition. 





TRAINING CONSIDERATIONS 





E Triathlons are unique and demanding events that require a 
dedicated, well-organized training program. Proper training 
will prepare a competitor for successful completion of the 
race and minimize the risk of injury while training and 
competing. 


Training programs need to be customized to meet the 
competitors’ needs; what works for one athlete may 
not work for another. We recommend that novice com- 
petitors consider hiring a USAT-certified coach to learn 
the sport and maximize available training time. There 
are also training-related resources on the Web and in 
triathlon magazines to help develop a suitable and safe 
program. Advice from more experienced athletes can be 
helpful. 


Manipulation of the swim discipline (specifically the 
swimming velocity) provides a metabolic reserve and has 
been shown to significantly impact performance in the 
subsequent disciplines. The overall triathlon time is sta- 
tistically significantly faster when the swim is completed 
at 80%-90% of maximum velocity (25). 


B® General triathlon training recommendations 


Increase training distance and time by no more than 10% 
per week. 

Although there is no evidence to demonstrate improved 
performance or decreased injury rates, consider incorpo- 
rating a regular stretching program as part of training. 
Ensure proper amounts of sleep and appropriate nutrition. 
Listen to your body; if you start a workout and feel tired 
or run down, change it to a shorter distance. Pushing 
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yourself through fatigue (a sign of overtraining) and 
completing the longer workout may do you more harm 
in the long run. 


Swim, bike, and run distances a little further than the race 
distance; this builds confidence that you will be able to 
complete the race. 


Open-water swimming is much different than lap swim- 
ming in a pool, and race day is not the best time to try 
it for the first time. Training will require some extra 
personnel because solo open-water swimming is not 
recommended. 


Train on the actual race course if possible. 


Do not train hard the 2 weeks prior to the triathlon; you 
will not make enough of an improvement to notice, but 
you may hamper your performance. 


Get plenty of sleep two nights before the race and the 
night before the race. Prerace sleep may be of a lesser 
quality due to anticipation of the race. 


E Brick training 


A combination bike-run workout that is used to help 
train for the toughest part of the race — getting off the 
bike and running. 


Bricks are demanding workouts that push the triathlete 
and are thought to have a positive training effect. 


Brick workouts are very demanding and should not be a 
routine parts of a triathlete’s workout. 


E Overtraining 


A state of persistent mental and/or physical fatigue and 
a feeling of “staleness” that leads to a decline in training 
and race performance. 


Symptoms include loss of interest, insomnia, fatigue, 
irritability, depression, loss of appetite and weight fluctu- 
ations, increased muscle soreness, illness, and a persistent 
increase in resting pulse rate. 


Multiple theories exist, including glycogen depletion 
theory (due to a negative energy balance from inadequate 
nutrition), autonomic imbalance theory, neuroendocrine 
dysfunction, and many more. 


Prevention is the best treatment. Structured training pro- 
grams with built-in relative rest cycles every 4 weeks of 
training help minimize the risk of overtraining. 


A short decrease in training intensity or up to a 2-week 
cessation of all training may be the best treatment 
depending on the severity of symptoms. If this fails to 
improve the situation, a referral to a sports psychologist 
may be warranted. 


E Transition zone training 


“One sport, three disciplines, and two transitions” has 
been used to define triathlons. This is meant to imply that 
the two transitions — T1 (transition from swim to bike) 
and T2 (transition from bike to run) — are just as much 
part of the competition as the swim, bike, and run. 
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E The TI transition has been shown to have negligible impact 
on race outcome. The T2 transition has been shown to 
impact the final race outcome, especially in the longer 
races. Biomechanics and breathing are the two areas that 
impact the triathletes’ performance in the transition zones. 
It is recommended that triathletes incorporate transition 
zone training into their program (20). 





NUTRITIONAL CONSIDERATIONS 





E The gut plays an important role in training, competition, 


and recovery that few athletes take into consideration. 

Proper training and nutrition can help minimize the nega- 

tive impact of gastrointestinal issues while participating in 

endurance events. 

E Gastric emptying is impeded by high-intensity exercise 
(70% of VOomax) and further impeded by dehydration 
and hyperthermia. Gastric emptying is believed to be re- 
sponsible for most exercise-related gastrointestinal com- 
plaints. The gut can be trained to maximize fuel and fluid 
absorption (21). 

Energy expenditure depends on the duration, frequency, 

and intensity of the exercise. Energy expenditure and energy 

intake need to be balanced and appropriate for the specific 
activity and level of training or competition. 

E Triathlons require tremendous energy expenditure, with 
the average male Ironman competitor using 9,000 kcal 
during a race and 3,000-6,000 kcal during each training 
session (10). 

Of a triathlete’s energy expenditure, 99% is from the body’s 

endurance or aerobic system. After approximately 2 minutes 

of exercise, the body switches from anaerobic systems to 
aerobic systems for energy. Adenosine triphosphate (ATP)— 
creatine phosphate, glucose, and muscle glycogen provide 
rapid energy to exercising muscle but are unsustainable 
over prolonged periods. If carbohydrates are not continued 
during endurance activities, glycogen stores are depleted in 
approximately 60-90 minutes. The aerobic or endurance sys- 
tem through the utilization of fats via the Krebs cycle and the 
electron transport chain can produce the large amounts of 

ATP required for prolonged activity. More than one energy 

system may be used concurrently and the process is dynamic. 

E The conversion of energy systems from anaerobic to 
aerobic is not abrupt, and the intensity, duration, fre- 
quency, type of activity, and fitness level of the individual 
all play a role in determining the conversion point. 

E Training does not impact the total amount of energy 
expended during practice or competition. However, it 
can affect the fuel source used for energy. A well-trained 
athlete uses a higher percentage of fat, with long-chain 
fatty acids being the preferred fuel source. Overall car- 
bohydrates in the stored form of glycogen are used as the 
major fuel source for exercising muscles. 


ŒE The diet of the triathlete should be the same generally well- 


rounded, balanced diet that is recommended for all adults 

with some specific changes based on the energy demands of 

the sport. 

E The average endurance athlete requires approximately 

55 kcal - kg! body weight while training. The daily re- 

quirements are as follows: 

0 55%-70% (6-10 g - kg ' body weight or 8-10 kcal - 
kg ' body weight) of the diet should be in the form of 
carbohydrates. 

1 25%-30% of the diet should be from fats. 

Q 12%-15% (1.0-1.5 g - kg | body weight) of the diet 
should be high-quality protein (3). 





Athletes are always looking for something that will give 
them an advantage over their competitors. There are many 
ergogenic aids that are available, both legal and illegal, to 
athletes in an attempt to improve their performance. Car- 
bohydrate loading has been shown to improve performance 
for endurance events. Caffeine ingestion of 3-5 g + kg”! also 
improves endurance performance for many athletes. This 
dose typically has an ergogenic effect without exceeding 
serum levels banned in competition by the International 
Olympic Committee (24). 
E Carbohydrate loading has been shown to increase the gly- 
cogen stores in the muscles being exercised and improve 
performance in events that last longer than 90 minutes. 


E The older method of depleting glycogen stores, which in- 
volved 1 week of exhaustive exercise in conjunction with 
3 days of a low-carbohydrate (< 100 g + d7') diet prior to 
3 days of carbohydrate loading with minimal exercise, is 
no longer recommended due to significant undesired side 
effects (irritability, hypoglycemia, stiffness and heaviness 
of muscles, diarrhea, dehydration, and chest pain in older 
athletes) (10). 


E The current recommendations for muscle loading simply 
include ingesting a 60%-70% carbohydrate diet, com- 
bined with a decrease in training volume and intensity 
for 3 days prior to competition. 


Athletes need to experiment with an individualized preevent 
and intraevent “performance fuel source” that will minimize 
glycogen depletion and dehydration. Triathletes should never 
initiate a new hydration/nutrition regimen on race day. 
=E 200-300 g of carbohydrate ingested in any form are 
recommended 3—4 hours prior to the race, and high-fat 
and high-protein foods should be avoided in this time 
frame. Some competitors recommend, based on anecdote, 
up to 1 g- kg! of body weight of carbohydrate 1 hour 
before competition, but there is no evidence that this will 
improve performance, and individual competitors may 
experience the possible detrimental effects of rebound 
hypoglycemia and hyperinsulinemia (26). 
4 The consumption of foods and/or fluids with low 
glycemic indices may provide more sustained blood 
glucose and insulin responses, reducing the potential 


metabolic disturbances associated with a rapidly 
absorbed carbohydrate load. 


E During events that last longer than 1 hour, ingestion of 


30-60 g - h`" of carbohydrate has a proven beneficial ef- 
fect on performance. Glucose and sucrose should be the 
primary carbohydrates ingested because they provide 
more energy with fewer side effects than fructose. Newer 
studies suggest that ingesting a small amount of protein 
along with the carbohydrates may have a synergistic 
effect on endurance performance (8). 


After postevent rehydration, ingestion of foods high in 
carbohydrates, along with a moderate amount of protein, 
will help with the repair of muscle and other tissue dam- 
aged by exercise. 


E Hydration 


E Hydration is the most important factor affecting perfor- 


mance. As little as 2%—4% dehydration has been shown 
to negatively affect performance. 


Water loss occurs primarily through sweat. Ambient tem- 
perature, relative humidity, exercise intensity, acclimati- 
zation, and rate of fluid intake all play a role in the overall 
hydration status of a competitor. Competitors can lose 
2%—-6% of their body weight during a race as a result of 
sweating. Athletes, both trained and untrained, can lose 
0.5-2.0 L of sweat per hour (2). 


4 Typical, nonelite competitors do not consume enough 
fluid to negate the fluid lost. Consuming beverages 
while biking is a little easier and more productive than 
drinking while running. Elite runners may consume as 
little as 200 mL of fluid during distance events that last 
over 2 hours. 


4 Minimal dehydration (> 2% body weight) increases 
core temperature, heart rate, and perceived exertion 
and decreases aerobic capacity and cognitive and men- 
tal performance. Worsening dehydration, especially in 
a hot environment, predisposes an athlete to more se- 
rious and possibly life-threatening conditions such as 
exertional heat stroke (2). 
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Consuming the proper amount of fluids at the right time 

is paramount to maximizing performance. 

4 American College of Sports Medicine® guidelines 
recommend that competitors replace adequate fluids 
to nearly match sweat losses. An athlete sweating 
400-1,000 mL - h™! would consume 150-300 mL 
every 20 minutes of exercise (1). Slower competitors 
with lower sweat rates may overhydrate, and converse- 
ly, athletes with a high sweat rate or who consume 
less than 200 mL of fluid an hour during a standard 
endurance event may develop severe and symptomatic 
hypovolemia (8). 

“1 Noakes (22) proposes that all competitors drink 
ad libitum (no more than 400-800 mL - h`!) in- 
stead of the traditional “drink as much as possible/ 
forced hydration” model. In his opinion, this meth- 
od will maintain competitors’ vascular status and 
minimize their risk for dilutional hyponatremia. The 
International Marathon Medical Directors Associa- 
tion guidelines, authored by Noakes (23), recommend 
limiting fluid intake to 400-800 mL - h7! when thirst 
is not an adequate guide. 


E Which fluids should be consumed by athletes while training 


or competing? 
1 Competitions lasting less than 1 hour: Water is the 
best replacement fluid. 





1 Competitions lasting greater than 1 hour: A carbohy- 
drate/electrolyte replacement beverage will improve 
performance. 


A4%-8% carbohydrate solution is optimal to max- 
imize the quick absorption of carbohydrates and 
minimize potential side effects, with 10% carbohy- 
drates being the maximum, but often intolerable, 
concentration. 


COMPETITION COVERAGE CONCERNS 





E A well-organized medical team should have the ability to 
handle any emergencies that arise during the competition, 
as well as the generally expected injuries associated with 


to hydrate themselves the day prior to the competition the event. Adequate staffing and coordination, cooperation, 


and consume 400-600 mL up to 2 hours prior to the flexibility, and communication are the keys to a successfully 
event (8). executed medical plan. 


E Starting an event hydrated or slightly overhydrated will 
be beneficial to the competitor, because we know that 
by the end they will be dehydrated. Competitors need 


E Most race-day injuries will be minor and self-limited, but 
it is important to quickly diagnose and treat the more 
serious problems, such as heat stroke, hyponatremia, 
rhabdomyolysis, dehydration, and cardiac disorders. 


E Ideally, athletes will replace fluids at a rate that nearly ap- 
proximates their loss. A loss of 500 mL of fluid equates 
to about a 1-lb decrease in body weight. This can be an 


excellent guide to postcompetition fluid replacement 
needs (11). E There needs to be a clear delineation of the roles and respon- 


E The frequency and amount of fluid consumed by an en- sibilities among the race and medical staff (13,18). 


durance athlete is a topic of great interest, with recom- 
mendations changing as more research on the topic is 
published. Underhydration or overhydration may result in 
symptomatic hypovolemia or hyponatremia, respectively. 


E Race director — Overall responsible for all aspects of the race 
from the initial planning meetings to the postrace review. 

E Medical director — A physician who is responsible for 
organizing and coordinating the medical support for 


730 SECTION vi 


Sports-Specific Considerations 


the event, from any prerace planning to the close of the 

medical facility (13). 

Q Ensure that local emergency medical services and local 
emergency rooms are notified and aware of the race 
date and time. 





-1 Develop and review a prerace medical questionnaire 
that must be completed by all athletes. This will provide 
the medical team with insight into any competitors 
who have serious underlying medical problems. 


In conjunction with the race director, develop patient 
transportation guidelines and criteria for transport. 

Q In conjunction with the race director, develop a race 
crisis plan with cancellation parameters. 





4 Monitor environmental issues (ambient temperature, 
humidity level, wet bulb globe temperature [WBGT], 
lightening, etc.) that may impact the health and safety 
of the competitors, and make recommendations to the 
race committee. 


1 If the WBGT index is above 28°C (82°F) or if the 
ambient dry bulb temperature is below —20°C 
(—4°B), then it is recommended that consideration be 
given to rescheduling the event (3). 


4 Develop treatment algorithms for anticipated condi- 
tions that will allow for the same standard of care for 
each patient and allow for nurses and paraprofessionals 
to begin caring for patients when a physician is not 
readily available (16). 


E Medical tent director — Physician who is responsible for 
the organization and control of the medical tent. This 
physician should not have any direct patient care respon- 
sibilities, as he or she needs to be able to move through 
the entire tent to continuously assess medical issues. 


E Volunteer medical staff — Primary care and emergency 
medical providers are critical components of the medical 
team. Other critical care specialties (cardiology, anesthesia, 
pulmonary) can also augment the medical team. Skilled 
nurses are also critical to the success of the medical team. 


E Volunteer paramedical staff — Emergency medical techni- 
cians, medics, respiratory therapists, pharmacy technicians, 
physical therapists, athletic trainers, and clerks are essential 
for a successful medical support operation. 


The size of the medical staff depends on the number of com- 
petitors, type of events, distances covered, and length of time 
competitors are on the course. 


E Two to three physicians and seven to eight nurses/other 
paramedical volunteers per every 100 athletes is a reason- 
able planning guide to support a triathlon. 

E One ambulance per 1,000 competitors is a reasonable 
guide when estimating support for an endurance event (6). 

Location of medical services — After the proper resources 

have been secured, they need to be placed in a location where 

they are most accessible and effective. 

E Main medical tent — Located near the finish line. Most 
medical incidents occur shortly after the finish line. 


Transition area medical tent — A small, modestly 
equipped team, able to handle routine injuries as well as 
stabilize and transport severe injuries, located where the 
competitors change disciplines, is recommended. 


E Mobile medical teams — Depending on the course length 
and layout, it may be advisable to have teams out on the 
course that can handle situations that arise a prolonged 
distance away from medical care. 

Recommended supplies: An all-inclusive list of the required 

supplies is beyond the scope of this chapter and needs to be 

customized based on race conditions. The following items 
are some basic recommendations. 


E Monitors — Automated external defibrillator/Lifepak, por- 
table (battery operated) electrocardiogram, blood pressure 
cuffs, pulse oximeters, thermometers (rectal), glucometer, 
point-of-care chemistry analyzer, and urinalysis strips. 

E Equipment — Cots, stretchers, intravenous poles, two- 
way radios, oxygen regulators, airway management items, 
nebulizers, blankets, ace wraps, ice packs, fluid warmers, 
heaters, trashcans, regulated medical waste containers, sharp 
containers, tapes, bandages, splinting materials, blister care, 
and trauma care (cervical collars, backboards, etc.). 

E Medications — Advanced cardiac life support (ACLS) drugs, 
intravenous fluids (normal saline), epinephrine, B-agonists, 
diazepam, naloxone, rapid sequence intubation drugs, acet- 
aminophen, and other drugs based on provider preference. 


Medical considerations 
E Review historical casualty data/numbers from previous 
events. 
4 Historically, during Ironman-distance triathlons, 25%- 
30% of starters receive medical attention; one in four 
competitors require transport to a higher level of care (17). 


E Hypothermia and water temperature — Colder water 
and longer swim distances increase the risk of developing 
hypothermia during the swimming phase. Age-group 
triathletes are allowed to wear a wetsuit without penalty 
in water temperatures up to 78°F; between 78 and 84°F, 
they can wear a wetsuit but are not eligible for an award; 
and at temperatures greater than 84°F, wetsuits are not 
permitted. Professional triathletes are allowed to wear 
wetsuits when the water temperature is less than 61.0°F 
and 71.6°F in races less than and greater than 3,000 m, re- 
spectively. All wetsuits must be less than 5 mm thick (28). 

E Exercise-associated collapse (EAC) — EAC is the most 
common medical problem experienced at the finish line 
and is believed to be the result of significant postural 
hypotension and secondary tachycardia, not hyperthermia 
or dehydration. Treatment consists of elevating the legs and 
encouraging competitors to keep moving after finishing. 

E Hyponatremia — Hyponatremia with serum sodium less 
than 135 mg - dL7! is believed to occur in 10%—40% of 
endurance athletes. Serum sodium above 130 mg - dL~’ 
is usually asymptomatic. Serum sodium levels measuring 
less than 125 mg - dL! are more concerning and may 
manifest with altered mental status, lethargy, cramps, or 


seizures. Excessive water intake before or during com- 
petition may lead to symptomatic hyponatremia, which 
is a medical emergency. A rapid intravenous infusion of 
100 mL of 3% hypertonic saline will begin to correct the 
symptomatic hyponatremia, although more than one bo- 
lus may be required. Seizures are treated with 3% NaCl and 
sometimes benzodiazepines. Patients with persistent hy- 
ponatremia or severe hyponatremia will require transfer 
to a higher level medical treatment facility (17,23). 

E Heat illness — Heat stroke, a potentially fatal condition char- 
acterized by a rectal temperature of greater than 40°C and 
mental status changes, is a medical emergency. Athletes tend 
to develop heat stroke toward the middle to end of the run 
portion of the triathlon. Cooling should be initiated imme- 
diately with whatever means is available. Cold water immer- 
sion is the most effective form of treatment for exertional 
heat stroke. An ice slurry bath from the nipple level on down 
to the abdomen and the legs is the most effective method of 
cooling. Cold water dousing with concomitant massage of 
large ice bags over major muscle groups also provides effec- 
tive cooling. Additionally, placing six to eight ice water towels 
over the entire body can be a highly transportable (just need 
cooler, ice, and water) cooling method (need to rotate tow- 
els back to cooler every few minutes). Sprinkled or aerosol- 
ized water with fanning is also effective if the water content 
of the air is very low, as in an air-conditioned facility. Ice 
packs applied to the groins and armpits may also augment 
evaporative cooling methods. Patients demonstrating signs 
of severe heat exhaustion or heat stroke will require transfer 
to a higher level of care after immediate on-site cooling (4). 

E Rhabdomyolysis — Extreme muscle breakdown due to 
intense, prolonged exercise. It is often exacerbated by de- 
hydration and hyperthermia. Elevated serum creatine 
kinase with brown or reddish (cola colored) urine and a 
urine dipstick positive for blood without red blood cells on 
microscopy makes the diagnosis likely. Elevated serum or 
urine myoglobin levels help confirm the diagnosis. Intra- 
venous fluids administered to maintain a urine output of 
200-300 mL - h™! are recommended to help prevent acute 
tubular necrosis and subsequent renal failure. Patients with 
rhabdomyolysis or patients who you are concerned may 
have or may develop rhabdomyolysis will require transfer. 
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Volleyball 


Emily A. Darr 








OVERVIEW 





Volleyball has become an incredibly popular sport, both 
recreationally and competitively. It is now one of the big five 
international sports (soccer, cricket, field hockey, tennis, and 
volleyball), and the Fédération Internationale de Volleyball 
(FIVB) claims it is the largest international sporting federa- 
tion in the world with 220 affiliated national federations. 
Volleyball became an Olympic sport in 1964, and beach 
volleyball was added in 1996 (14). 

Volleyball skills require quick, forceful movements of the 
entire body all at once in multiple planes, making injuries 
inevitable. Although considered a noncontact sport, the 
rate of injury had been found to be 2.6 in 1,000 hours of 
play. Fortunately, the incidence of serious injury is relatively 
low (15). 

Players on the volleyball court engage in many different 
sport-specific skills, each with its own typical activity-related 
injuries. Serving, passing, and setting have not been associ- 
ated with high numbers of injuries. Spiking, or attacking, has 
been associated with a fairly high incidence of injury, and 
blocking has been implicated in causing the highest rate of 
injury. The hand, shoulder, knee, and ankle are among the 
most commonly injured areas (4). 

Consideration must also be given to certain injuries common 
to specific surfaces because volleyball is played on a variety of 
surfaces, such as wood, grass, concrete, and the increasingly 
popular sand. 





LOWER EXTREMITY 





Many lower extremity injuries in volleyball are due to repeti- 
tive motions, such as jumping, landing, and twisting during 
play. These repetitive stresses seem to be often implicated 
because a player may jump 150 times in the course of a 
match (13). 

The majority of lower extremity injuries occur when the 
athletes are playing in the front three positions. Studies sug- 
gest that 63% of the musculoskeletal injuries result from 
jumping and landing, which most often occur in these posi- 
tions (15). Lower extremity injuries account for the majority 
of volleyball injuries. In a recent review of collegiate women’s 
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volleyball players, the lower extremity accounted for more 
than 55% of all game and practice injuries, with ankle liga- 
ment sprains representing 44.1% of game injuries and 29.4% 
of practice injuries (1). 


Knee 


E The most commonly seen overuse injury in volleyball is 
patellar tendonitis or jumper’s knee. Players tend to have 
pain at the lower pole of the patella and, less frequently, at 
the upper pole and tibial tuberosity. It often has an insidious 
onset with pain seen with hyperextension of the knee. Initial 
treatment should include rest, ice, compression with a 
neoprene sleeve, and nonsteroidal anti-inflammatory drugs 
(NSAIDs). Long-term management should include vastus 
medialis strengthening (10). 

E Acute knee injuries ranging from mild sprains of the collat- 
eral ligaments to more serious anterior cruciate ligament and 
meniscal tears tend to be caused by quick changes in direction 
with landing, cutting, and pivoting on the court. This most 
frequently occurs while landing near the net after an attack. 

E For unclear reasons, these acute ligamentous injuries occur 
more often in females than in males. Immediate treatment 
includes ice and removal from play (6). 


Leg 


Œ “Shin splints” or tibial periostitis can be seen in players early 
in the season when a sudden increase in training can cause 
an inflammation of the anterior and posterior tibialis mus- 
cles. Ice, rest, NSAIDs, and adjusting training regimens will 
typically improve the symptoms. 

E Prolonged or worsening typical anterior shin pain beyond 
the time of intense activity is concerning for stress fracture. 
Delayed-phase bone scans and magnetic resonance imaging 
(MRI) are the most sensitive tests for diagnosing this. 


Foot and Ankle 


E Ankle injuries are the most common acute volleyball 
injury and account for 44% of all volleyball-related injuries 
according to a recent study (15). They are typically inversion 
sprains involving the lateral ligaments and are often a result 
of a blocker landing on the foot of an attacker from the 
opposing team under the net (12). 


E Treatment of an acutely injured ankle will vary based on the 
severity. Ottawa ankle rules should be used to determine if 
an x-ray is warranted. The player should be removed from 
play if there is a suspected fracture or excessive swelling or 
the athlete is unable to bear weight. 

E Ankle injury rehabilitation should include physical therapy, 
with a focus on regaining joint proprioception to prevent re- 
injury, in addition to relative rest, NSAIDs, ice, and bracing. 

E Some volleyball teams use ankle braces prophylactically to 
prevent inversion-type ankle sprains at all levels of competi- 
tion. However, studies show that ankle injuries still occur in 
athletes wearing braces (2). 


E Identifying attackers who tend to land close to the centerline 
and coaching them to focus on more vertical travel can help 
to decrease the incidence of ankle sprains occurring under 
the net (4). 

E Metatarsal, navicular, and sesamoid stress fractures can 
occur and require removal from participation until they are 
healed. 

“Sand toe” is an injury unique to beach volleyball, which is 
played barefoot. It involves a hyperplantarflexion injury to 
the metatarsophalangeal joint. Pain typically occurs with 
motions involving running, jumping, and pushing off. 
Treatment should include relative rest, ice, NSAIDs, and toe 
strengthening (7). 





UPPER EXTREMITY 





Shoulder 


ŒE The shoulder accounts for 8%—20% of volleyball injuries. The 
majority of shoulder injuries are related to chronic overuse, 
especially of the rotator cuff and long head biceps tendons. 
Frequent motions involving abduction and external rotation 
followed by forceful extension and internal rotation during 
the spiking motion are often the cause of these chronic inju- 
ries. An imbalance between the muscles of internal rotation 
and the muscles of external rotation appears to be strongly 
associated with shoulder injury in volleyball players and 
should be addressed in rehabilitation with a stretching pro- 
gram for internal rotators (4). 

E Rotator cuff injuries are caused by repetitive overhead 
hitting of the ball and/or joint instability. They can vary 
from mild forms of tendinitis and impingement to complete 
tears. Treatment can vary from NSAIDs and physical therapy 
focusing on scapular stabilization to surgery, depending on 
the severity. 

E Impingement syndrome occurs when the supraspinatus ten- 
don becomes irritated and painful as it passes through the 
subacromial space. Players with anatomic variances, such 
as a “hooked acromion,” may be more prone to problems. 
In addition, further narrowing of the space may be secondary 
to depression of the dominant shoulder caused by capsular 
instability and muscular imbalance in volleyball attackers. 
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Painful shoulder motion, in addition to night pain, is a result 
of these muscular imbalances, overuse, and variances. Surgi- 
cal decompression may be necessary if conservative therapy 
fails to allow return to play. In some instances, a subacromial 
corticosteroid injection is beneficial (9). 


Suprascapular neuropathy is encountered on a surpris- 
ingly frequent basis in elite volleyball players. The nerve is 
typically compressed at the spinoglenoid notch where the 
terminal branch comes off, resulting in isolated atrophy 
and weakness of the infraspinatus muscle. Up to 25% loss 
of external rotation strength may be seen in the affected 
shoulder. The mechanism of injury for this neuropathy 
may be the “floater” serve, which is achieved by stop- 
ping follow-through immediately after contact with the 
ball to prevent the ball from spinning in its course to the 
other side of the court. Electromyography is useful in 
diagnosis, and conservative treatment is generally effec- 
tive. Rehabilitative exercises should be aimed at strength- 
ening external rotation. Surgery may be considered in 
cases of persistent pain, because ganglion cysts may also 
cause a similar presentation (5). 


Finger, Hand, and Wrist 


Wrist injuries are commonly related to passing and digging 
the ball and to contacting the floor after diving. Fractures 
of the pisiform can be diagnosed on axial or “carpal tunnel” 
views on radiograph and would require casting. 


Kienböck disease, or aseptic necrosis of the lunate, can be 
seen with repetitive wrist trauma in volleyball players. MRI 
will provide the best information as to whether conservative 
or surgical treatment is necessary (8). 


Most injuries to the fingers and hands occur as a result 
of contact with the ball during play at the net, especially 
during blocking. Sprains and strains are most frequently 
seen, followed by fractures and contusions. The thumb 
metacarpophalangeal (MCP) joint is a frequently injured 
joint, and more specifically, the radial collateral ligament is 
often injured during the hyperextension stresses from ball 
impact during blocking (4). 

Most finger sprains are minor and can be managed conserva- 
tively with taping and splinting. Collateral ligament injuries 
to the interphalangeal joints should be “buddy taped” to an 
adjacent finger for adequate support. 


Low Back 


Lumbar spine strains and sprains can happen in volleyball 
players due to the extension followed by forced flexion and 
rotation, and then landing, when a player attacks a ball. 
Suspicion should be high for stress fracture in cases of 
prolonged pain despite conservative treatment. 

Athletes with radiating leg symptoms in the setting of low 
back pain should be held from play until further evaluation 
is completed. 
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OTHER INJURIES 





E Contusions over the anterior superior iliac spines or “hip 
pointers,” in addition to contusions over the medial and 
anterior aspect of the knee, are frequently noted after 
defensive diving onto a hard court. Kneepads, more often 
than hip pads, are typically worn for protection. Icing and 
anti-inflammatory medications can be used in reducing pain 
and swelling. 

E Traumatic brain injury is reported as being infrequent in 
volleyball players, with a rate of 0.14 per 100 injuries (11). 





BEACH VOLLEYBALL 





E Recognized as an Olympic sport in 1996, beach volleyball 
has grown immensely over the past decade. Because of its 
new popularity, very little is known about injuries specific to 
beach volleyball. 

E Beach volleyball differs from indoor volleyball in many 
ways, including the surface played on, the number of ath- 
letes on the court, and the size of the court. Beach volleyball 
is played barefoot on sand, with two players on each team 
with no substitutions allowed. The court is smaller for beach 
volleyball (16 m X 8 m) compared with indoor volleyball 
(18 m X 9m). 

E The injuries sustained during beach and indoor volleyball 
are overall similar; however, there appear to be fewer time- 
loss injuries in beach volleyball. The three most common 
overuse injuries in beach volleyball are low back pain, knee 
pain, and shoulder problems (3). 

E Similar to indoor volleyball, the ankle, knee, fingers, and low 
back have the highest rate of acute injury in beach volleyball. 
However, the rate of ankle sprains in beach volleyball is 
almost half that of indoor volleyball. This most likely is re- 
lated to less players blocking and to a softer court surface (3). 

E Acute finger injuries are as common in beach volleyball as 
they are in indoor volleyball; however, more finger injuries 
are a result of overhand digging in sand volleyball, which is a 
common defensive tactic against hard driven attacks (3). 


E Consideration should also be given to weather conditions, 
which play a factor in beach volleyball. 
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Water Polo Injuries 


Dean M. Brewer, Richard P. Eide, III, and Michelle E. Szczepanik 





INTRODUCTION (3,4,8,10,12) 





Œ Water polo is a team aquatic sport played throughout the 
United States and in many countries around the world, 
particularly in Europe. 

E It is a fast-paced, physically demanding game requiring both 
strength and skill as a swimmer combined with excellent 
hand-eye coordination to facilitate ball handling, passing, 
and scoring. 

E During a typical match, a player will swim short distances with 
high-energy bursts lasting 10-18 seconds. For some players, 
these short distances can add up to 1,000 m. These sprints are 
separated by 30- to 40-second intervals of “eggbeater” leg work. 


H Statistics from the 2004 Olympic Games demonstrated that an 
injury occurred once in every two to three matches, with the 
total incidence being 21 injuries per every 1,000 player matches. 
All injuries were caused by contact with another player, with 
the head and upper extremities being the most affected. 

ŒE Water polo had the highest incidence of injury in the 2009 
Fédération Internationale de Natation Amateur (FINA) 
World Aquatic Championships. 





HISTORY 





E Although the exact origins are unclear, the first documented 
rules were codified in 1877 by William Wilson, a Scottish 
aquatics enthusiast. Initially, the game more closely resem- 
bled an aquatic form of rugby football. 

E The game was altered into its modern-day form by the 
turn of the 20th century, when it was incorporated into the 
modern Olympic Games in Paris, France in 1900. 

E Water polo is governed internationally by FINA and within 
the United States by USA Water Polo, a not-for-profit orga- 
nization under the aegis of the U.S. Olympic Committee. 





REQUIRED EQUIPMENT (8) 





E Although it could be played in any suitably sized body of 
water, water polo is most often played in swimming pools. 
Known as “the field,” the dimensions of the pool will vary 








depending on the age and gender of the players, ranging 
from 20-30 m long by 10-20 m wide by 2—4 m deep. 

The goals are rectangular, centered at both ends of the field, 
and 3 m wide by 0.9 m high. 

The ball is spherical, weighing approximately 1 lb, roughly 
equivalent in size to a volleyball, and coated with a 
high-friction rubber to facilitate grip. 

Individual equipment includes a swimsuit and a swim cap 
with cupped ear protectors. 





GAME PLAY (8) 





The object is to throw the ball into the opposing team’s goal, 
thereby scoring 1 point. The ball may be passed around the 
field in any direction, but a team may not possess the ball 
for more than 30 seconds without attempting a shot on goal, 
or else they forfeit the ball. The team that scores the most 
number of points before regulation time has expired is the 
winner. 

Teams are composed of seven players, six in the field of play 
and one goalkeeper; teams are designated by the required 
uniform swim caps, which also serve to protect players’ ears. 
All players, with notable exception of the goaltender, may use 
either hand but must use only one hand at a time to handle, 
pass, and shoot the ball. Players will use the “eggbeater” 
kick, which combines the clockwise motion by one leg and 
a counterclockwise motion of the other leg in order to stay 
afloat. 

The game is divided into four quarters, which are 8 minutes 
in length for collegiate and professional play; youth leagues 
through high school have shorter periods, which range from 
5-7 minutes. 





FOULS (8) 





E There are three types of fouls: ordinary, penalty, and exclusion. 


E Ordinary fouls are minor infractions of game play. They 
include holding the ball underwater or tucking inside 
one’s swimsuit, using two hands, pushing off of the pool 
floor (except shallow-end goalkeeper), striking the ball 
with a closed fist, swimming within 2 m of the opposing 


735 


736 SECTION Vi Sports-Specific Considerations 


goal ahead of the ball, and impeding the free movement 
of an opposing player who is not holding the ball, includ- 
ing pushing or pushing off. Ordinary fouls result in a 
change of possession by means of a free throw. 


E Penalty fouls are ordinary fouls committed within the 
5-m goal area and result in a penalty throw (exclusion 
fouls in this area also result in a penalty throw). 


E Exclusion fouls are more grievous violations and include 
using two hands to block a pass or shot, exiting the pool 
without permission, intentionally splashing water in an 
opponent’s face, or intentionally striking an opponent 
(elbow, punch, kick). The penalty for exclusion fouls 
is removal from play for 20 seconds. The official may 
determine if there was malicious intent to harm another 
player, in which case the player is removed from the game 
and the team must play one man down for 4 minutes. 


E In general, water polo is an intensely physical game, with 
players swimming at a sprint pace in immediate proximity 
to one another for control of the ball and for defensive 
maneuvers. The result of such activity and a limited amount 
of protective equipment is a propensity for many different 
types of injuries. 

E Injuries to the head and face are among the most common 
(15.5%-53.0%) acute injuries in water polo due to the 
relative exposure above water. 





EYE INJURIES (1,2,4,7,12,13) 





E Annett et al. found that eye injuries accounted for 6.1% of 
acute injuries in water polo. 


E The most common eye complaints in water polo are eye irrita- 
tion or lacerations from direct trauma. Due to the severity of 
some uncommon injuries, they are also included in this section. 


E Corneal abrasion 
1 Signs/symptoms: Severe eye pain and photophobia 


Q Common mechanism: Excoriation from fingernail, 
toenail, or trapping of debris under contact lens 





Q Treatment: If you suspect corneal abrasion, you 
should transfer the patient to a higher center of care to 
confirm diagnosis with fluorescein dye and slit lamp 
examination, especially looking for any foreign body 
remnants. The athlete should be advised to keep eye 
closed and to avoid rubbing/touching. Topical anes- 
thetic drops may be used initially to relieve pain and 
facilitate exam; however, long-term use is discouraged 
because these drops will delay healing of the corneal 
epithelium and can lead to a pseudo-addiction state by 
the patient, resulting in corneal ulceration, scarring, 
and blindness. Treatment ultimately consists of topical 
antibiotic ointment (e.g., erythromycin) or drops (e.g., 
Polytrim, ciprofloxacin, ofloxacin) four times a day for 
3-5 days. Athlete should not be allowed to return to 
play until the abrasion has healed. 


E Laceration of eyelid, eyebrow, lip, cheek (most common 
acute injury) 


1 Signs/symptoms: Bleeding from laceration, pain 


oO 


Common mechanism: Direct trauma to skin overlying 
bone 





.1 Treatment: Cleanse/irrigate wound, assess depth/se- 
verity of laceration, and repair via approximation of 
skin edges. The primary care provider should be skilled 
in simple laceration repair, although if there is concern 
about cosmetic result or involvement of eyelid, consul- 
tation with plastic surgeon and/or ophthalmologist is 
warranted. Sterile adhesive bandages (e.g., Steri-strips) 
and adhesive glue (e.g., Dermabond) may be used for 
small, superficial repairs with minimal active bleeding. 

E Chemical irritation 

Q Signs/symptoms: Discomfort/burning of eyes, scleral 
injection 

Q Common mechanism: Excessive exposure to chlorine 

or other disinfectant 





Treatment: Saline eye drops, limit exposure to chlori- 
nated water 

E Hyphema (hemorrhage into anterior chamber from rup- 

tured trabecular blood vessels) 

Q Signs/symptoms: Blood pooling in inferior portion 
of iris 

Q Common mechanism: Direct trauma to globe from 

fist, elbow, ball, etc. 

Treatment: EMERGENCY. Protect eye with loose, 

occlusive dressing (e.g., Fox shield) and seek immedi- 

ate evaluation by ophthalmology; if untreated, it could 





L 


result in glaucoma or permanent corneal staining. 


E Blowout fracture of orbital floor (orbital floor is weaker 
relative to surrounding bones) 

4 Signs/symptoms: Periorbital hematoma, protruding 
or sunken globe; herniation of inferior contents can 
cause entrapment, which will manifest as an inability 
to gaze upward in affected eye, producing diplopia 
and/or maxillary numbness 


oO 


Common mechanism: Direct trauma to globe result- 
ing in fracture of orbital floor 

1 Treatment: EMERGENCY. Protect eye with loose, occlu- 
sive dressing (e.g., Fox shield) and seek immediate evalu- 





ation by ophthalmology to rule out intraocular trauma. 
It is essential to perform a thorough neurologic exam to 
rule out entrapment of inferior orbital contents. 





EAR INJURIES (4,7,9,12,14-16) 





Œ Many ear injuries, especially traumatic auricular hematoma 


(“cauliflower ear”), can be avoided through the proper wear 
of special cupped ear protector swim caps, which are a 
required part of personal equipment. 


E Commonly reported ear injuries include the following: 


E Otitis externa (swimmer’s ear) 


 Signs/symptoms: Inflamed, erythematous, tender 
external auditory canal; exudates may be present 





€ Common mechanism: Bacterial infection (often Pseu- 
domonas species) from excessive moisture in external 
auditory canal, which removes cerumen and creates 
optimal pH for bacterial growth. 


4 Treatment: Best treatment is prevention with alcohol- 
based drops, which provide antiseptic treatment via 
desiccation. If infection is present, use antibiotic ear 
drops with or without steroids for severe inflamma- 
tion. There are a number of available preparations, but 
fluoroquinolones such as ofloxacin and ciprofloxacin 
have the broadest coverage and are typically only dosed 
twice daily as opposed to three or four times daily for 
other otic antibiotic preparations. Proper technique 
is important to increase effectiveness. The athlete 
should tilt his or her head to the shoulder opposite 
the affected ear, and the auricle is then grasped and 
pulled superiorly and posteriorly. Instill drops until 
the external auditory canal is filled, and then have the 
athlete lay on his or her side for 15-20 minutes with 
the affected ear still facing upward to allow for maxi- 
mal time and surface area exposure. 

E Traumatic perforation of tympanic membrane (TM) 

d Signs/symptoms: Immediate pain and loss of hearing 
in affected ear; bleeding from ear may be present; 
ruptured TM will be evident on otoscopic exam. 


1 Common mechanism: Compression of external ear 
via slap on the side of the head with a cupped hand 
producing a transient high pressure within the canal. 


1 Treatment: The athlete should be reassured that the 
TM will heal spontaneously and without hearing loss; 
however, the athlete should not be allowed to swim/ 
submerge head in water until healed. Individually 
tailored wax earplugs can be manufactured and used 
to completely occlude the external auditory canal 
from water entry in cases where clinical judgment 
would deem it reasonable for the athlete to return to 
play before the injury has completely healed. 








UPPER EXTREMITY INJURIES 


Shoulder (4,5,7,9,11,17) 


ŒE Shoulder pain is the most common musculoskeletal com- 


plaint in water polo. Studies have reported a shoulder injury 
rate of 11.5 per 100 injuries per year, with female players 
reporting more injuries than males. 


ŒE A systemic review of the literature showed that the 


incidence of shoulder injuries can range anywhere from 
24%-80%. The majority of shoulder injuries that occur are 
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from overuse or are minor injuries such as impingement 
or bursitis, compared to major injuries involving tears or 
requiring surgery. 

No other throwing athlete deals with water as their sole base 
of support for throwing. Unlike other throwing athletes, the 
water polo player has no fixed point from which to throw. 
The forceful abduction and external rotation of gleno- 
humeral joint to achieve the “cocked” throwing position 
followed by the throw itself places a great strain on the ante- 
rior shoulder stabilizing muscles. 

McMaster et al. (11) demonstrated isokinetic torque imbal- 
ances in the rotator cuff of water polo players. The study 
showed that elite water polo players have significant adduc- 
tor and internal rotator muscle strength when compared to 
muscles for abduction and external rotation. This imbalance 
within the rotator cuff likely increases the propensity for 
shoulder injuries. 

Webster et al. (17) performed a systemic review of the litera- 
ture showing that shoulder injuries in water polo players re- 
sulted from a variety of factors, including increased mobility, 
muscle strength imbalance, and altered throwing techniques. 


Subacromial/coracoacromial impingement and bursitis, 
biceps tendinitis, acromioclavicular joint sprains or arthri- 
tis, dislocations, rotator cuff injuries, and tears are common 
shoulder injuries among water polo players. 

The majority of shoulder injuries can be rehabilitated or 
fixed through physical therapy, rest, and anti-inflammatory 
medications; however, full-thickness tear or failure of 
rehabilitation usually requires surgery to repair. 

Traumatic dislocations and subluxations are not common 
injuries in water polo. When they do occur, these injuries will 
result during the act of shooting or passing the ball. 


Elbow (5,6,9) 


The majority of elbow pain in water polo players occurs 
along the medial aspect of the elbow. 

The overhead throwing motion of a water polo player places 
great stress on the ulnar collateral ligament complex. The 
ligament can fail at an average load of 260 N or 58 lb. This 
tension load can be exceeded in elite water polo competition. 


Most common injuries include ulnar collateral ligament 
(UCL) injuries, valgus extension overload syndrome with 
olecranon osteophytes and posteromedial impingement, and 
osteochondritis dissecans of the capitellum. 


Mild pain after throwing or a change in activity level is most 
often associated with overuse injuries. If a “pop” sensation 
is felt, a UCL injury should be suspected. Mechanical symp- 
toms of catching, locking, or giving way are often caused by 
osteophytes and loose bodies. 

Part of the workup for elbow pain should include antero- 
posterior, lateral, and axial olecranon x-ray views. Magnetic 
resonance imaging is the study of choice for evaluating 
potential damage to the UCL complex. 
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E The majority of elbow injuries can be treated through 
nonoperative measures, including rest, ice, immobili- 
zation with a splint, and physical therapy. Any physical 
therapy should include core body strengthening exercises, 
with arm flexibility and secondary dynamic stabilizer 
strengthening. 

E Upon completion of physical therapy, athletes should be 
enrolled in a throwing program to effectively rehab the 
elbow. Overuse injuries can take anywhere from 3—6 months 
before an athlete is ready for full competition, whereas an 
injury that involves UCL instability or reconstructive surgery 
can result in 9-18 months of rehabilitation before an athlete 
is able to return. 


Hand and Fingers (5,7,9) 


E A players hand and arm are considered part of the ball 
during active play and are often hit by opposing players in an 
attempt to gain possession of the ball. The hand and fingers 
are also used for shot blocking and grabbing onto other 
players to maintain position. With the ball being thrown, 
grabbed for, and caught at high speeds, hand and finger 
injuries are common. 

E The most common injuries include lacerations, dislocations, 
fractures, and overuse injuries. 

E Commonly reported hand and finger injuries include the 
following: 

E Web space tear (the most common laceration in water 
polo) 

 Signs/symptoms: Notable tear and pain between two 
fingers 

Q Common mechanism: Occurs when two fingers are 
forcibly abducted apart. This can occur when players 
attempt to block or catch balls thrown at high speeds. 





Treatment: Small tears will heal with time and conser- 
vative treatment. The lacerations involving ligaments 
of the fingers may require reconstructive surgery. 

E Dislocations of the fingers and hand 
4 Signs/symptoms: A dislocated finger is usually ob- 

vious. The finger appears crooked and swollen and 

is very painful. It may be bent upward or at strange 
angles. Bending or attempted straightening of the 
finger may be difficult. 


1 Common mechanism: Due to a hyperextension of the 
joint. 





I Treatment: Athletes and trainers are usually successful 
with reducing these dislocations poolside. X-rays after 
a dislocation are recommended to rule out fractures. 
A protective splint may be placed on the finger, or the 
finger may be “buddy taped” to the healthy finger next 
to it. 

E “Gamekeeper’s thumb” 


4 Signs/symptoms: Pain at the base of the thumb in the 
web space between thumb and index finger; noted 


swelling or ecchymosis of the thumb or inability to 
grasp using the thumb and index finger; often ten- 
derness to touch along the index finger side of the 
thumb. 

44 Common mechanism: Involves injury to the UCL. 
This can occur when the ball strikes the thumb, 
causing a hyperabduction of the joint and injuring or 
tearing the UCL. 

4 Treatment: May include a thumb spica brace or cast, 
with some injuries requiring surgery. 

ŒE As in other sports, water polo players are susceptible to 
mallet fingers and de Quervain tenosynovitis. 


LOWER EXTREMITY INJURIES 





Thigh and Hips (7) 


E Injuries to the thigh and hips are not as common as upper 
extremity injuries but can still occur in water polo players. 
The majority of injuries stem from the “eggbeater” kick that 
is unique to the game of water polo and can cause overuse 
adductor tendinopathies and muscle strains. 

E Injury to the thigh muscles can occur during the act of 
throwing when a player is trying to propel out of the water 
to gain a height advantage over the opposing player. Most 
often, this involves the adductors, given the mechanism of 
propelling out of the water. 

Œ Physical play among players can often result in bruised 
quadriceps and hamstring muscles. 


E Almost all thigh and hip injuries can be managed with 
conservative treatment, including RICE (rest, ice, compres- 
sion, elevation) treatment, physical therapy, and massage. 


Knee (5,7,9) 


Œ Medial knee pain in water polo players has been reported by 
Kenal to be as high as 73%. These injuries may include patel- 
lofemoral pain syndrome, medial collateral ligament sprains, 
ligament tears, and meniscus tears. 

E As previously stated, water polo players will often use the 
“eggbeater” kick, which combines the clockwise motion of 
one leg and the counterclockwise motion of the other leg in 
order to stay afloat. 

E This eggbeater movement causes a significant valgus force 
along the medial aspect of the knee joint, especially to the 
medial collateral ligament and medial patellar retinaculum. 

E The force from the eggbeater kick with compression on the 
medial aspect of the joint can cause degenerative changes 
that can be visible on radiographs. 

Œ The majority of knee injuries can be rehabilitated using 
RICE treatment and physical therapy focusing on strength- 
ening the core muscles of the quadriceps, hamstrings, and 
pelvis. 





SPINAL INJURIES (4) 





Although not common, spinal cord injuries can occur. All 
pools should have spine boards and neck collars available, 
along with qualified personnel to remove players suspected 
of such injuries from the water. 

Medical personnel should recognize key red flags, including 
profound muscle weakness and/or reflex loss, bowel and/ 
or bladder incontinence or retention, and saddle numb- 
ness and/or sensory changes when dealing with patients 
complaining of back pain. 


Cervical (4,9) 


Given that players constantly rotate their cervical spine 
when either breathing in freestyle swimming or for rotation 
to follow the game, degenerative cervical spine changes or 
complaints can occur. 

Water polo players will often have to keep their heads afloat 
with periods of sustained extension and protraction, causing 
common muscle aches, cervicalgias, and radiculopathies. 
Players are trained to alternate the rotation of their head 
when swimming, so symptoms are often bilateral. 
Acceleration and deceleration injuries and whiplash can also 
be common cervical injuries with physical play. 
Conservative treatment and physical therapy are often 
successful in rehabilitation of cervical injuries. 


Lumbar (4) 


The lumbar spine can see significant force during throwing and 
passing of the ball. This can cause many athletes to have hyper- 
trophied latissimus muscles along the dominant arm side. 
Lower back pain can include many different types of injuries, 
with examples being facet joint syndromes, lumbar disc slips, 
muscle strains, and overuse injuries. 

Physicians must first rule out red flag symptoms before 
prescribing treatment. Plain film x-rays are usually not 
required with acute injuries. The majority of low back pain 
can be rehabilitated with physical therapy and analgesics. 
Pain that worsens or is not improved with physical therapy 
may warrant further imaging and testing. 





ENVIRONMENTAL AND 
MISCELLANEOUS INJURIES 





Environmental Injuries (4) 


These injuries can include sunburns, hypothermia, warts, 
and swimmer’s exanthema. 

Sunburns, which are a risk for skin cancer, can occur with 
outside water polo matches. International water polo rules 


CHAPTER 109 Water Polo Injuries 739 


forbid players from wearing sunblock or sunscreen during 
play due to causing the ball to be greasy and slippery. Players 
should make all attempts to wear protective agents during 
practice. 


Hypothermia is defined as having a core body temperature 
less than 95°F or 35°C. Exhaustion, wind, and wetness are 
all risk factors for hypothermia. Depending on the competi- 
tion environment, hypothermia can occur in all water sports, 
including water polo. 

A wart is a small painless skin growth caused by a viral 
infection. Swimming is a known risk factor for warts. There 
are numerous treatments for warts, including medications, 
ointments, cryotherapy, burning (electrocautery), surgical 
removal, and laser treatment. 


Swimmer’s xerosis can be caused by hours of submersion 
in the water, causing the skin to become dehydrated and 
pruritic. Treatment includes using mild soaps when bathing, 
avoiding rubbing the skin dry after a shower or bath, and 
applying an oil-based protective emollient shortly after a 
shower or bath. 


Lacerations (4,7,9) 


Lacerations to face, forehead, and hands are very common in 
water polo. 


As previously mentioned, the web space tear (when two 
fingers are forcibly abducted apart) is the most common 
laceration in water polo. 


Most lacerations can be repaired with Steri-strips or plas- 
tic-based waterproof spray. Some lacerations may require 
stitches. 

Players’ fingernails and toenails are usually inspected by the 


referee before the start of the game in hopes of decreasing the 
amount of lacerations. 
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easily but are capable of producing higher force and tension. 
Type IIB fibers act in an anaerobic capacity during activity. 


E All muscle fibers within a motor unit have the same meta- 


Skeletal Muscle Contraction 


E Several bundles of muscle fibers, called fascicles, comprise a 
skeletal muscle. A muscle fiber is composed of several myofibrils 
bundled together. Myofibrils contain a series of sarcomeres 
arranged end-to-end (20). 

E Sarcomeres are the functional and contractile component of 
skeletal muscle through a dynamic interaction between the 


proteins actin and myosin. - 


E According to the sliding filament theory, actin and myosin 
slide past each other to produce sarcomere shortening. Ca** 
is released in the sarcomere in response to an action potential 


that exposes myosin crossbridge binding sites on actin. gy 


Myosin crossbridges bind to actin and pull actin filaments 
closer to the center of each sarcomere, producing force and 
stiffness within the skeletal muscle (20). 

E Force production by a skeletal muscle can be voluntarily 
graded. However, the muscle fibers innervated by one motor 
neuron (i.e., a motor unit) act in an all-or-none fashion. 
As more motor units are recruited in a particular skeletal 


muscle, the muscle produces more force (20). o 


Skeletal Muscle Fiber Types 


E There are several different muscle fiber types based on 
structure and function. These include Type I, Type IIA, and 
Type IIB. 

E Type I muscle fibers (slow-twitch, oxidative fibers) have 
high mitochondria content and a rich blood supply. These 
fibers are generally smaller in size (diameter) and innervated 
by smaller diameter axons. Type I fibers contract slowly 
and are resistant to fatigue because their method of energy 
metabolism is aerobic. However, Type I fibers produce less 


bolic characteristics (fiber type). Therefore, motor units can 
be classified as slow contracting/fatigue resistant (Type I), fast 
contracting/fatigue resistant (Type IIA), and fast contracting/ 
fatigable (Type IIB). In general, fast-twitch/fatigable motor units 
are largest (contain the greatest number of innervated fibers) 
and are highest threshold, whereas slow-twitch/fatigue-resistant 
motor units are smallest (contain the fewest number of inner- 
vated fibers) and are lowest threshold. 

Muscle fiber type composition in a particular human skeletal 
muscle is genetically determined (20). There is little informa- 
tion regarding muscle fiber type transformations in response 
to training or exercise. 

Specific training programs have been shown to be effective 
in targeting improvements in performance of specific fiber 
types. Heavy resistance training has been shown to cause 
increased Type IIA fibers and decreased Type IIB fibers, 
whereas Type I fiber composition in human skeletal muscle 
was unchanged (1). Low-resistance, high-volume training 
caused improved muscular endurance, which is thought to 
indicate an improvement in Type I fiber performance (2,8). 

Structural and genetic characteristics of muscle fiber types 
have been modulated with fiber-specific stimulation in vitro 
(19). However, it is unknown whether such changes occur in 
all muscle fiber types or if the transformation will be sustained 
over time in vivo. 

Because muscle fiber composition is genetically determined, 
athletes may participate in sports or activities that involve 
muscle contractions that are more “natural.” Whether a 
distance runner can train to be a successful power lifter or 
vice versa is an issue that has not yet been clearly elucidated. 


Types of Skeletal Muscle Contraction 


tension, resulting in less force production. E Skeletal muscle can produce joint movements through con- 


E Type IIA muscle fibers (fast-twitch, oxidative-glycolytic fibers) 
also have high mitochondria content and are moderately 
capable of performing aerobic and anaerobic metabolism. This 


fiber type exhibits performance and metabolic characteristics E 


of both Type I and IIB fibers. 


E Type IIB muscle fibers (fast-twitch, glycolytic fibers) have 
sparse mitochondria content and blood supply. They fatigue 


centric and eccentric contractions. Skeletal muscle contrac- 
tions produce muscle tension and control body and joint 
movement. 

Concentric contractions describe a movement that involves 
shortening of a muscle against a load, whereas eccentric 
contractions involve controlled lengthening of a muscle 
against a load. 
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Eccentric muscle contractions produce greater muscle force 
and more myofibrillar disruption than concentric exercise 
(9,10). 

Eccentric muscle contractions (often referred to as “negatives” 
in weightlifting) are more effective in producing strength 
gains and hypertrophy than concentric contractions, but 
they are more likely to cause delayed-onset muscle soreness 
(7,10,11). However, both eccentric (negative) and concentric 
(positive) contractions elicit gains in skeletal muscle strength 
and size (11). 

Isometric muscle contractions produce muscle tension with- 
out joint movement — for example, pushing against a wall 
or contracting the quadriceps muscle while holding the knee 
motionless at a particular point in the knee range of motion. 


Isotonic muscle contractions produce muscle tension and 
joint movement against a constant load where rate of move- 
ment is variable. For example, a dumbbell curl is a contraction 
against a constant load that can be voluntarily moved at 
a self-selected rate. This is the most typical contraction in 
weightlifting. 

Isokinetic muscle contractions involve a constant rate of 
joint displacement that is maintained by varying amounts 
of resistance based on muscle effort. This is uncommon in 
weightlifting or athletic settings. Isokinetic exercise requires 
expensive machinery and is usually most applicable in the 
rehabilitation setting. 

Isotonic and isokinetic muscle movements can be performed 
through concentric or eccentric muscle contractions. 


Muscle Response to Resistance Training 


Improvements in muscle strength, power, or endurance are 
best achieved by overloading the muscle(s) being trained. 
The overload principle states that when a muscle is exposed to a 
stress or load that is greater than what it usually experiences, it 
will adapt so that it is able to handle the greater load (17,20,29). 
Similarly, the SAID principle (specific adaptations to imposed 
demands) states that a muscle or body tissue will adapt to the 
specific demands imposed on it. For example, if a muscle is 
overloaded, its fibers will grow in size so it is able to produce 
enough force to overcome the imposed load (20,29). 
Observed strength gains within the first few weeks of a weight- 
lifting program are mostly due to neuromuscular adaptations 
(6). As exercise intensity increases and muscles begin to 
fatigue, the nervous system recruits larger motor units with 
faster contraction rates and higher tension-production 
capabilities to provide the force necessary to overcome the 
imposed resistance (20). 

Muscular strength has been defined as the maximum force 
or tension output generated by a muscle or muscles during 
a specific task. Related to muscle strength, muscular power 
refers to not only the ability of a muscle or muscles to generate 
force, but also the rate at which force can be developed. 


Early strength gains and increased muscle tension production 
from training result from a more efficient neural recruitment 


Sports-Specific Considerations 


process, as well as more densely packed protein filaments 
within the skeletal muscle (24). 


Muscle Hypertrophy 


Human skeletal muscle hypertrophy occurs when the cross- 
sectional area of a muscle fiber increases (5,24). As a skeletal 
muscle hypertrophies, contractile proteins are synthesized 
(6), and the muscle is therefore capable of producing more 
tension. 


Type IIA fibers exhibit the greatest growth, whereas Type 
IIB and Type I fibers exhibit the least amount of growth 
in response to heavy resistance training (6). Muscle 
hypertrophy is more common in fast-twitch than slow- 
twitch muscles. 

Strength training leads to muscle hypertrophy, which in- 
creases muscle mass (24). 


Muscle hypertrophy is typically observed with resistance 
training after 6-7 weeks of strength training (6,17). 

There appears to be a gender difference in the rate at which 
muscles hypertrophy favoring males (12). Additionally, females 
lose muscle mass quicker than males when detrained (12). 


Resistance-trained muscles hypertrophy in order to adapt to 
greater imposed loads (15). Hypertrophy of individual muscle 
fibers contributes to changes in muscle cross-sectional area 
(22). Muscle fiber hyperplasia does not appear to play a role 
in increased muscle cross-sectional area or strength gains in 
resistance-trained men (22). 


In general, it is thought that strengthening exercises using 
a resistance that is greater than the 6-repetition maximum 
(RM) are best for muscle hypertrophy, whereas those at 
a resistance of less than the 20-RM are best for endurance 
training (16). Simply stated, fewer repetitions using higher 
weights are best for strength gains, whereas more repetitions 
using lower weights are best for endurance gains. 





BASIC WEIGHTLIFTING PROGRAMS 





There are several different weightlifting programs that can 
be customized to an individual or their strength training 
and athletic goals. An effective program balances muscle 
overloading with recovery time to facilitate strength gains. 
Sample weightlifting sets based on the DeLorme and daily 
adjusted progressive resistance exercise (DAPRE) methods 
are presented in Table 110.1. 


The DeLorme Method 


The DeLorme method is a progressive resistance exer- 
cise program based on the overload principle (6,26). This 
method is based on the 10-RM. First, a weight that the ath- 
lete is able to lift 10 times (with the desired muscle group[s]) 
is determined. A total of three sets of 10 repetitions are 
performed per session for each muscle at 50%, 75%, and 





Table 110.1 | Weightlifting Programs 





DeLorme (26) DAPRE (13,14) 
Set 1 50% 10-RM* X 10 reps 50% 6-RMf X 10 reps 
Set 2 75% 10-RM X 10 reps 75% 6-RM X 6 reps 
Set 3 100% 10-RM X 10 reps 100% 6-RM to failure 
Set 4 — Adjusted weight to failure 





*] 


0-RM = maximum amount of weight with which one can perform 10 consecutive 


repetitions. 
+6-RM = maximum amount of weight with which one can perform 6 consecutive 


Ti 


epetitions. 


Adjusted weight: Add 5 lb if > 7 repetitions in third set; subtract 5 lb if < 4 


Yr 


epetitions in third set; no change if 4-7 repetitions performed in third set. 


100% of the 10-RM. The athlete is encouraged to perform 
more than 10 repetitions during the third set to serve as an 
overload to the muscle group being trained. As the athlete’s 
10-RM increases, so does the resistance in each set (see 
Table 110.1). 


Daily Adjusted Progressive Resistance 


xercise (DAPRE) 


The DAPRE method of strength training guides the athlete 

through four sets of exercise per muscle group or other 

desired task. DAPRE guidelines provide recommendations 
for when to increase resistance and how much added resis- 
tance is appropriate based on individual performance (see 

Table 110.1) (13,14). 

A total of four sets of repetitions are performed per muscle 

group. 

E First and second sets: Perform 10 repetitions at 50% 
and 6 repetitions at 75% of the predetermined 6-RM 
(the maximum weight that can be successfully “lifted” 
for 6 repetitions). The 6-RM is termed the “working 
weight.” 

E Third set: 100% of the working weight is used, and rep- 
etitions are performed until failure is reached (as many 
repetitions as safely possible). 


E Fourth set: An “adjusted weight” is used, and repeti- 
tions are performed until failure is reached. To calculate 
the “adjusted weight” for the fourth set in this program, 
the number of repetitions performed in the third set is 
considered. If five to seven repetitions were performed 
in the third set, “adjusted” resistance for the fourth set 
remains the same. If less than five repetitions were per- 
formed, the adjusted weight is reduced for the fourth set; 
if more than seven repetitions were performed, the ad- 
justed weight in the fourth set is increased. For example, 
if the athlete performs 12 repetitions of 100 lb in the 
third set, the weight for the fourth set can be increased to 
105 lb. If only three repetitions are performed in the third 
set using 100 lb, the fourth set adjusted weight should be 
reduced to 90 or 95 |b. 
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E Next session guidelines: The “working weight” for the 
next day of resistance training is adjusted based on the 
number of repetitions achieved in the fourth set similar 
to the method used to adjust the weight for the fourth 
set. Using the example above, if the athlete can perform 
10 repetitions during the fourth exercise set using 105 lb, 
he or she can adjust the working weight for the next day 
to 105 or 110 Ib. 

The DAPRE method can be adjusted for each individual 

based on his or her training goals. Manipulating the amount 

of weight added to the adjusted weight for the fourth set 
or the modified working weight for the next day’s lift can 
change the pace of individual programs. 


Periodization 


Periodization (6,17,29) is a specific approach to strength 
training and conditioning that is intended to bring about 
peak performance at a desired time, typically at the time of 
competition. 

A macrocycle is a long-term plan of exercise progression 
with the goal of achieving peak performance at the time 
of competition. Commonly, macrocycles are composed of 
preparation, competitive, and transition phases. For seasonal 
sports participants, a macrocycle will include a calendar year 
that is divided into the following mesocycles: preseason, in- 
season, and off-season. 


A mesocycle is a shorter phase of training that makes up a 
portion of a macrocycle with variable length depending on 
the training goals and length of the macrocycle. The volume 
and intensity of an activity during these cycles should be de- 
termined by the goals of the macrocycle and response of the 
individual. 

Over the course of an athlete’s macrocycle of periodization, 
training intensity, volume, and mode will change to allow 
for maximum performance and minimum risk for injury 
and overuse. For an Olympic athlete, a macrocycle may be 
4 years, where periodized training regimens are tailored to 
maximize performance at the desired time(s). 

In preparation for athletic competition, linear periodiza- 
tion begins in the athletic off-season, where training vol- 
ume is high but intensity is low. Initially, strength gains and 
muscle hypertrophy are the goals of this phase. As training 
intensity gradually increases through the postseason and 
into the preseason, training volume decreases. This progres- 
sion continues through the preseason where sport-specific 
skill training is maximized to facilitate the transition to 
competition. 


Undulating periodization has been shown to be more ef- 
fective in producing strength gains and muscle hypertro- 
phy when compare with traditional linear paradigms. This 
method includes the use of varied resistance (e.g., 3- to 
5-RM, 8- to 10-RM, and 12- to 15-RM) while completing 
multiple sets of the same exercise within a single train- 
ing session (3). It remains unclear how implementation 
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of this paradigm may affect functional performance goals 
or the transition from preseason training to in-season 
performance (3). 





SAMPLE EXERCISES FOR MAJOR 
MUSCLE GROUPS 





E There are several exercises that can be used for each mus- 
cle group. The appropriate exercise depends on equipment 
availability, experience or preference of the weightlifter, and 
training goals. Isolated muscle exercises are appropriate for 
toning and strengthening muscles. Whole-body strength 
exercises that require coordinated, multiple body segment 
movements are appropriate to develop power and athletic 
skill. 


Upper Body/Trunk 


E Seated military press (deltoid): In the seated position, 
weighted dumbbells or a bar is lifted above the head and then 
returned to the anterior shoulders/upper chest. 

E Bench press (pectoralis major): While supine on a bench, 
weighted dumbbells or a bar is lifted off the chest until the 
arms are fully extended and then lowered slowly back to the 
chest. 

E Bicep curls (biceps brachii): In the seated or standing posi- 
tion, weighted dumbbells or a bar is lifted through the full 
elbow range of motion from the extended to flexed position 
and then returned slowly back to the extended position 

E Triceps extension (triceps brachii): While in the supine po- 
sition, with shoulders flexed to 90 degrees and elbows ex- 
tended, resistance is lowered by flexing the elbow, followed 
by concentric elbow extension. 

E Rows (trapezius/rhomboids): In the seated or standing posi- 
tion and with shoulders flexed to 90 degrees, arms are drawn 
back by extending the shoulders and flexing the elbows. 
Visualize “squeezing” the back blades (scapula) together. 
This exercise can be done with free-weights, resistive bands, 
or a machine. 


Lower Body 


E Squats (quadriceps): In the standing position with resistance 
fixed at the shoulders, the body is lowered by flexing the hips 
and knees while maintaining upright upper body posture. 

E Hamstring curls (hamstrings): In the prone position, resis- 
tance fixed at the distal lower leg is curled toward the hips 
by flexing the knee. This is usually done with the assistance 
of a pulley-style machine, or it can be done in standing with 
ankle weights. 

E Calf raises (triceps surae): In the standing or seated position, 
the body, with added resistance (if desired), is elevated by 
plantarflexing the ankle joint. 





GUIDELINES FOR EXERCISE 
PRESCRIPTION (TABLE 110.2) 





Training Volume and Intensity 


E It is important to consider training volume and intensity of 


training when designing an effective weightlifting program. 
The goal of a weightlifting program is to achieve maximal or 
desired gains while allowing for an appropriate amount of 
time between sets and between sessions for muscle and body 
recovery. 

Training volume is determined by multiplying the number of 
repetitions performed in an exercise session by the resistance 
used (17). Therefore, similar training volumes are achieved 
when light resistance is used for high repetitions and when 
heavy resistance is used for low repetitions. In periodized 
programs, it is appropriate to begin with high training vol- 
umes (off-season) and progress to lower volumes at higher 
intensity (preseason) leading to more sport-specific skills, 
with concurrent programs aimed at maintaining strength 
and conditioning while in-season. 

Intensity is analogous to power and is therefore dependent 
on the amount of resistance and the speed of the movement 
(28). High training intensities are appropriate in the pre- 
season and can coincide with sport-specific training. 
Overtraining can result in decreases in muscle strength and 
function. It usually occurs when either training volume or 
intensity is too great and the body cannot appropriately 
adapt (4). 

When designing an exercise or weightlifting program, it is 
important to include activities that are specific to the ath- 
lete’s goals. For example, if an athlete wants to perform move- 
ments that require high muscle strength and power, the athlete 
should train with weights that are closer to his or her 1-RM 
and perform fewer repetitions per set (29). Likewise, if an ath- 
lete wants to perform movements that require endurance, the 
athlete should use less weight with higher repetitions. 

The athletic year is divided into in-season, postseason and 
off-season, and preseason segments. During the postseason 
and off-season, training should concentrate on recovery from 
the competitive season and maintain fitness and strength. 
Strength training can begin in the off-season and gradually 
progress to power training and sport-specific training dur- 
ing preseason. Strength, endurance, and power maintenance 
should be performed in-season. 





REST PERIODS 





E Structured rest periods between sets are important to maxi- 


mize the effectiveness of a resistance training program. 
Appropriate rest frequency and duration can allow for maxi- 
mal performance during each set of a specific task and posi- 
tively affect the metabolic effects of resistance training (18,25). 
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Table 110.2 | Summary of Progressive Resistance Training Recommendations from the ACSM Position Stand (25). 
Each Recommendation is Listed with an A, B, C or D Indicating the Quality or Quantity of Research 
Supporting that Statement; A is the Best 








Evidence Statement Grade 
Strength training 
CON, ECC, and ISOM actions should be included for novice, intermediate, and advanced training. A 
Training with loads ~60%-70% of 1-RM for 8-12 repetitions for novice to intermediate individuals and cycling loads of 80%-100% of A 


1-RM for advanced individuals. 


When training at a specific RM load, it is recommended that a 2%—10% increase in load be applied when the individual can perform B 
the current workload for 1-2 repetitions over the desired number on 2 consecutive training sessions. 


It is recommended that 1-3 sets per exercise be used by novice individuals. A 


Multiple-set programs (with systematic variation of volume and intensity) are recommended for progression to intermediate and A 
advanced training. 


Unilateral and bilateral single- and multiple-joint exercises should be included, with emphasis on multiple-joint exercises for A 
maximizing strength in novice, intermediate, and advanced individuals. 


Free-weight and machine exercises should be included for novice to intermediate training. 


For advanced strength training, it is recommended that emphasis be placed on free-weight exercises with machine exercises used to 
compliment program needs. 


Recommendations for sequencing exercises for novice, intermediate, and advanced strength training include large muscle group C 
exercises before small muscle group exercises, multiple-joint exercises before single-joint exercises, higher intensity exercises before 
lower intensity exercises, or rotation of upper and lower body or opposing exercises. 


It is recommended that rest periods of at least 2-3 minutes be used for core exercises using heavier loads for novice, intermediate, and B 
advanced training. For assistance exercises, a shorter rest period length of 1-2 minutes may suffice. ¢ 
For untrained individuals, it is recommended that slow and moderate CON velocities be used. A 
For intermediate training, it is recommended that moderate CON velocity be used. A 
For advanced training, the inclusion of a continuum of velocities from unintentionally slow to fast CON velocities is recommended C 
and should correspond to the intensity. 
It is recommended that novice individuals train the entire body 2-3 days a week. A 
It is recommended that for progression to intermediate training, a frequency of 3—4 days a week be used (based on how many muscle B 
groups are trained per workout). 
It is recommended that advanced lifters train 4—6 days a week. Cc 
Muscle hypertrophy 
It is recommended that CON, ECC, and ISOM muscle actions be included. A 
For novice and intermediate training, it is recommended that moderate loading be used (70%-85% of 1-RM) for 8-12 repetitions per A 
set for 1-3 sets per exercise. 
For advanced training, it is recommended that a loading range of 70%-100% of 1-RM be used for 1-12 repetitions per set for A 
3-6 sets per exercise in a periodized manner such that the majority of training is devoted to 6- to 12-RM and less training devoted to 
1- to 6-RM loading. 
It is recommended that single- and multiple-joint free-weight and machine exercises be included in novice, intermediate, A 
and advanced individuals. 
For exercise sequencing, an order similar to strength training is recommended. 
It is recommended that 1- to 3-minute rest periods be used in novice and intermediate training; for advanced training, length of rest 
period should correspond to the goals of each exercise such that 2- to 3-minute rest periods may be used with heavy loading for core 
exercises and 1- to 2-minute rest periods may be used for other exercises of moderate to moderately high intensity. 
It is recommended that slow to moderate velocities be used by novice and intermediate-trained individuals; for advanced training, it C 
is recommended that slow, moderate, and fast repetition velocities be used depending on the load, repetition number, and goals of the 
particular exercise. 
It is recommended that a frequency of 2-3 days a week be used for novice training. A 
For intermediate training, the recommendation is similar for total body workouts or 4 days a week when using an upper/lower body split routine. B 
For advanced training, a frequency of 4—6 days a week is recommended. Cc 





(Continued) 
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Table 110.2 | Summary of Progressive Resistance Training Recommendations from the ACSM Position Stand (25). 
Each Recommendation is Listed with an A, B, C or D Indicating the Quality or Quantity of Research 
Supporting that Statement; A is the Best (continued) 








Evidence Statement Grade 
Muscle power 
The use of predominately multiple-joint exercises performed with sequencing guidelines similar to strength training is recommended B 


for novice, intermediate, and advanced power training. 


It is recommended that concurrent to a typical strength-training program, a power component is incorporated consisting of 1-3 sets A 
per exercise using light to moderate loading (30%-—60% of 1-RM for upper body exercises, 0%-60% of 1-RM for lower body 
exercises) for 3—6 repetitions not to failure. 


Various loading strategies are recommended for advanced training. Heavy loading (85%-100% of 1-RM) is necessary for increasing B 
force, and light to moderate loading (30%-—60% of 1-RM for upper body exercises, 0%-60% of 1-RM for lower body exercises) 
performed at an explosive velocity is necessary for increasing fast force production. 


A multiple-set (3—6 sets) power program integrated into a strength-training program consisting of 1—6 repetitions in a periodized A 
manner is recommended. 


Rest periods of at least 2-3 minutes between sets for core exercises are recommended when intensity is high. For assistance exercises D 
and those of less intensity, a shorter rest interval (1-2 minutes) is recommended. 


The recommended frequency for novice power training is similar to strength training (2-3 days a week). A 

For intermediate power training, it is recommended that either a total-body or upper/lower body split workout be used for a frequency C 
of 3—4 days a week. 

For advanced power training, a frequency of 4-5 days a week is recommended using predominantly total-body or upper/lower body G 
split workouts. 


Local muscular endurance 


It is recommended that unilateral and bilateral multiple- and single-joint exercises be included using various sequencing combinations A 
for novice, intermediate, and advanced local muscular endurance training. 


For novice and intermediate training, it is recommended that relatively light loads be used (10-15 repetitions) with moderate to high volume. A 


For advanced training, it is recommended that various loading strategies be used for multiple sets per exercise (10-25 repetitions C 
or more) in a periodized manner, leading to a higher overall volume using lighter intensities. 


It is recommended that short rest periods be used for muscular endurance training, e.g., 1-2 minutes for high-repetition sets Cc 
(15-20 repetitions or more) and less than 1 minute for moderate (10-15 repetitions) sets. For circuit weight training, it is 
recommended that rest periods correspond to the time needed to get from one exercise station to another. 


Low frequency (2-3 days a week) is effective in novice individuals when training the entire body. A 


For intermediate training, 3 days a week are recommended for total-body workouts, and 4 days a week are recommended for upper/lower C 
body split routine workouts. 


For advanced training, a higher frequency may be used (4—6 days a week) if muscle group split routines are used. 


It is recommended that intentionally slow velocities be used when a moderate number of repetitions (10-15) are used. 


If performing a large number of repetitions (15-25 or more), then moderate to faster velocities are recommended. B 
Motor performance 
It is recommended that multiple-joint exercises be performed using a combination of heavy and light to moderate loading (using fast B 


repetition velocity) with moderate-to-high volume in periodized fashion 4—6 days a week for maximal progression in vertical jumping 
ability. The inclusion of plyometric training (explosive form of exercise involving various jumps) in combination with resistance 
training is recommended. 


It is recommended that the combination of heavy resistance and ballistic resistance exercise (along with sprint and plyometric training) B 
be included for progression in sprinting ability. 
Older adults 
For further improvements in strength and hypertrophy in older adults, the use of both multiple- and single-joint exercises (free weights A 


and machines), with slow to moderate lifting velocity, for 1-3 sets per exercise with 60%—80% of 1-RM for 8-12 repetitions with 
1-3 minutes of rest in between sets for 2-3 days a week, is recommended. 


Increasing power in healthy older adults includes (a) training to improve muscular strength and (b) the performance of both single- and B 
multiple-joint exercises for 1-3 sets per exercise using light-to-moderate loading (30%-60% of 1-RM) for 6-10 repetitions with high 
repetition velocity. 

Similar recommendations may apply to older adults as to young adults, e.g., low to moderate loads performed for moderate-to-high B 


repetitions (10-15 or more), for enhancing muscular endurance. 





CON, concentric; ECC, eccentric; ISOM, isometric; RM, repetition maximum. 


E Rest time should increase as the intensity of the exercise increases. 
Currently, there is no gold standard for rest time between sets. It 
has been suggested that for low resistance (11- to 13-RM), a 1- to 
2-minute rest is appropriate; however, for moderate-resistance 
(8- to 10-RM) and high-resistance exercise (< 5-RM), rest times 
of 3-5 and > 5 minutes, respectively, may be better (16). 





SPECIAL CONSIDERATIONS 


E Strength describes the maximum force that can be generated by 
a muscle, whereas power is the ability of a muscle to generate 
large forces quickly. Endurance is the ability of a muscle to con- 
tract repeatedly and generate forces for long periods of time. 

E Training for muscle strength should include training with re- 
sistance that is closer to maximum ability with lower repeti- 
tions. This type of training is most appropriate in the athletic 
off-season. 

E Training for muscle power involves coordinated movements 
that encourage speed, accuracy, and fluency. Power training 
is most appropriate in the athletic preseason and gradually 
progresses to the competitive season (in-season). 

E Strength training in both the anterior and posterior muscu- 
lature or training both agonist and antagonist muscle groups 
is important in an effective strength-training program. 
It may improve sport- or activity-specific performance and 
reduce the risk of injury (27). 

E It is important to incorporate gradual warm-up, cool-down, 
and flexibility exercises into a strength-training regimen to 
maintain muscle health and fitness, reduce the likelihood 
of injury or postexercise soreness, and improve athletic and 
weightlifting performance. Dynamic activity-specific warm- 
up and cool-down plans are commonly used to prepare the 
athlete for resistance training while including specific activi- 
ties from the athlete’s sport (23). 

E Supervised and guided strength-training programs yield 
greater strength gains than those that are unsupervised (21). 
Recruiting assistance from certified strength and condition- 
ing specialists (CSCSs), exercise physiologists, certified per- 
sonal trainers (CPTs), or certified athletic trainers (ATCs) 
may facilitate strength gains and improve overall outcomes 
and sport-specific preparedness. 

E Finally, athletes are encouraged to participate in weightlift- 
ing programs with at least one partner. Weightlifting part- 
ners can motivate each other, provide constructive feedback 
on technique and form, and provide “spotting” for heavy or 
potentially dangerous lifts. An athlete should never partici- 
pate in weightlifting alone. 
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Wheelchair Sports 
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INTRODUCTION 





Athletes with disabilities have been participating in orga- 
nized sports competition since at least 1948. 

A variety of organized athletic events are available for ath- 
letes with disabilities. Some involve the use of the wheelchair. 
Many others are available for patients with disabilities who 
do not require the use of a wheelchair. 

Events and competitions are structured to ensure optimal com- 
petition by creating groups of athletes with similar levels of dis- 
ability. The classification systems vary depending on the event. 
Disabled athletes present different medical concerns as com- 
pared with able-bodied athletes. 

A review of specific medical concerns in various causes of 
disability is presented in the Chapter 117 (The Disabled Ath- 
lete). This chapter will summarize some of the athletic events 
and competitions available to disabled athletes. In addition, a 
summary of providing medical care to athletes participating 
in wheelchair sports will be provided. 





HISTORY OF WHEELCHAIR SPORTS 





In 1948, Sir Ludwig Guttmann organized a sports competition 
involving World War II veterans with a spinal cord injury in 
Stoke Mandeville, England. This event is considered the first 
organized athletic competition for athletes with disabilities. 
Four years later, competitors from the Netherlands joined 
the games, and an international movement was born. 
Olympic-style games for athletes with disabilities were or- 
ganized for the first time in Rome in 1960, now called Para- 
lympics. In Toronto in 1976, additional disability groups were 
added. The idea of merging together different disability groups 
for international sport competitions was born. In the same 
year, the first Paralympic Winter Games took place in Sweden. 





PARALYMPIC GAMES 





The Paralympic Games is currently the world’s elite sporting 


event for athletes with disabilities. Emphasis is placed on the 
participants’ athletic achievements rather than their disabilities. 








The term “Paralympics” derives from the Greek preposition 
“para” (beside or alongside) and Olympics. The name was 
originally intended as a pun combining “paraplegic” and 
“Olympic.” However, the term is now used as a combination 
of “parallel” and “Olympic” to illustrate how the two move- 
ments exist side by side. 

E Paralympic athletes are divided into six different groups 
based on the nature of their disabilities: amputee, cerebral 
palsy, visual impairment, spinal cord injuries, intellectual 
disability, and a group that includes all athletes who do not 
fit into the aforementioned groups (“les autres”). 

E The Paralympics movement has grown dramatically since 
its first days. The games originated in Rome in 1960 and 
included 400 athletes from 23 countries. In Beijing in 2008, 
3,951 athletes from 146 countries competed. The fact that 
more countries competed at the Beijing 2008 Paralympics 
than in the Munich 1972 Olympic Games speaks to the 
growing popularity and scope of the Paralympic Games. 

E Since their founding, the Paralympic Games have been held 
in the same year as the Olympic Games. Since 1988 (Sum- 
mer Paralympic Games in Seoul, Korea) and 1992 (Winter 
Paralympic Games in Albertville, France), the Paralympic 
Games have used the same venues as the Olympic Games. 
In 2001, an agreement was reached between the Interna- 
tional Olympic Committee (IOC) and the International 
Paralympic Committee (IPC) securing this practice for the 
future. 

E From 2012 onward, the host city chosen to host the Olympic 
Games will be obliged to also host the Paralympics. 





GROUPS AND CLASSIFICATIONS 





H Disabled athletes are grouped in disability categories (http:// 
www.paralympics.org, IPC Classification Code) and com- 
pete against athletes with similar disabilities. As previously 
identified, the groups currently defined by the IPC are am- 
putee, cerebral palsy, visual impairment, spinal injury, intel- 
lectual disability, and les autres. 

E Les autres (French for “the others”) includes all athletes with 
disabilities who do not fit into any of the other five groups. 
Examples include dwarfism, multiple sclerosis, congenital 
limb deformities, and others. 
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In 2000, the intellectual disability group was suspended by 

the IPC after allegations of cheating in the intellectual dis- 

ability basketball competition. It was revealed that several 
athletes were not disabled. In November 2009, the IPC voted 
to reinstate the intellectual disability group. 

To ensure fairness in competition, athletes within a group 

are classified based on the extent of their disability. Athlete 

classification is intended to determine an athlete’s eligibility 
to compete and to group athletes for competition. 

To be eligible for competition in the Paralympics, an athlete 

“must have an impairment that leads to a permanent and 

verifiable Activity Limitation,” and the impairment “should 

limit the Athlete’s ability to compete equitably in elite sport 
with Athletes without impairment.” (IPC Classification 

Code) (5). 

Athletes are assessed based on their medical records, evalua- 

tion of physical capabilities, and observation of the athlete in 

training and competition. 

Each sport has its own rules and classification systems. An 

example is wheelchair basketball, which is governed by the 

International Wheelchair Basketball Federation (IWBF). 

Wheelchair basketball athletes are assigned a point value that 

is equal to their class (3). An athlete may be assigned a class 

from 1.0 to 4.5. The rules of wheelchair basketball state that 

a team must have no more than 14 “points” on the court at 

any one time. 

To determine the athlete’s class, each player is observed dur- 

ing a team’s practice and games. A classification panel assigns 

a class to the athlete based on the following points system: 

E The class 1.0 player: Little or no controlled trunk move- 
ment in the forward plane; no active trunk rotation; 
balance in both forward and sideways directions is sig- 
nificantly impaired; players rely on their arms to return 
to the upright position when unbalanced. 

E The class 2.0 player: Partially controlled trunk movement 
in the forward plane; active upper trunk rotation but no 
lower trunk function; no controlled sideways movement. 


E The class 3.0 player: Good trunk movement in the for- 
ward direction; good trunk rotation; no controlled trunk 
movements sideways. 

E The class 4.0 player: Normal trunk movements, but usu- 
ally due to limitations in one lower limb, the player has 
difficulty with controlled movement to one side. 

E The class 4.5 player: Normal trunk movement in all di- 
rections; able to reach side to side with no limitations. 





MEDICAL CARE OF ATHLETES WITH 
DISABILITIES 





ŒE Athletes with disabilities and athletes in wheelchairs are sub- 


ject to many of the same injuries and complications from 
participation in sporting events as able-bodied athletes. 


However, many additional considerations make the treat- 
ment of disabled athletes unique. 

E The Chapter 117 (The Disabled Athlete) contains a complete 
list of conditions that may affect athletes participating in 
wheelchair sports, and thus, this will not be discussed here. 

Œ Wheelchair athletes have often experienced previous trau- 
matic injuries that may affect their medical condition dur- 
ing competition. For example, wheelchair athletes may have 
hardware including screws, plates, or pins that could predis- 
pose to further injury; x-rays for new injuries may be com- 
plicated by the appearance of previous skeletal injuries; and 
athletes with a history of traumatic brain injury, splenec- 
tomy, or nephrectomy require special attention and safe- 
guards. Awareness of previous traumatic history and injuries 
is crucial to providing medical care to wheelchair athletes. 


@ Wheelchair athletes are often insensate below the level of a 
spinal cord injury or other neurologic insult. This may cre- 
ate difficulty and confusion in identifying or diagnosing 
neuromusculoskeletal injuries. For example, in a wheelchair 
athlete with a complete lumbar spinal cord injury who is in- 
sensate in the lower limbs, the athlete may not immediately 
realize the severity of the injury due to lack of sensation and 
pain in the ankle. This situation requires increased vigilance 
when screening for and diagnosing neuromusculoskeletal 
injuries in wheelchair athletes. 

E In addition to musculoskeletal injuries, athletes with loss of 
sensation are at increased risk for other complications in- 
cluding skin breakdown, skin infections, and septic arthritis. 

E Because of the high rate of spinal cord injuries among 
wheelchair athletes, there is a need to increase the aware- 
ness and monitoring for conditions associated with spinal 
cord injuries when caring for wheelchair athletes. Among 
the conditions that may complicate athletic participation for 
wheelchair athletes are autonomic dysreflexia, orthostatic 
hypotension, deep venous thrombosis, skin breakdown, 
spasticity, thermoregulation abnormalities, and heterotopic 
ossification. 





COMMON INJURIES AND PREVENTION 





Œ Wheelchair athletes and disabled athletes have approxi- 
mately the same incidence of injuries as able-bodied athletes. 

E Due to the adaptive equipment used by disabled athletes, dif- 
ferent patterns and types of injuries may be experienced as 
compared with able-bodied athletes. These patterns and inju- 
ries may change with changes in equipment and technology. 

Œ A survey (1) of participants in the 1989 national champi- 
onships of the National Wheelchair Athletic Association 
(NWAA), U.S. Association of Blind Athletes (USABA), and 
U.S. Cerebral Palsy Athletic Association (USCPAA) showed 
the following incidence of injury during the competitions: 
E NWAA: 26% of athletes reported injuries; 57% of injuries 

involved the shoulder and arm/elbow. 


E USABA: 37% of athletes reported injuries; 53% of inju- 
ries involved the lower limb. 
E USCPAA: 37% of athletes reported injuries; 21% were 
knee injuries. 
In disabled skiing, the incidence of injury is similar to the in- 
cidence in able-bodied skiers. A survey published in 1992 (4) 
showed that disabled skiers are injured at a rate of about 3.7 
per 1,000 skiing days, whereas able-bodied skiers were injured 
at a rate of about 3.5 per 1,000 skiing days. However, there 
were significant differences in the types of injuries sustained. 
Able-bodied skiers sustained more fractures and lacerations, 
whereas disabled skiers sustained more bruises and abrasions. 
Another study (2) of disabled skiers showed that these ath- 
letes are 1.4 times more likely to injure their upper extremity 
as compared to the lower extremity. This may be related to 
inherent instability in three-track skis, which are often used 
by disabled skiers, and the inability of many disabled skiers to 
break a fall with the lower limbs as an able-bodied skier would. 


Elite wheelchair athletes may have different risks for trau- 
matic injuries and overuse injuries due to the demands of 
training, intensity of competition, and differences in physical 
conditioning as compared with recreational athletes. 

Several studies of injuries in elite disabled athletes at the 
Paralympic Games have been published. 


At the 2002 Winter Paralympic Games (6), 9% of athletes ex- 
perienced injuries. The most common injuries were sprains 
(32% of injuries), fractures (21%), and lacerations (14%). 
Following 2002, it was noted that many of the fractures sus- 
tained were lower limb fractures in athletes participating in 
the sledge hockey event. As a result, regulations were modi- 
fied to require increased protection for the lower limbs and 
also to change the sledge design to reduce the chance of one 
sledge overriding another. 
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E At the 2006 Winter Paralympic Games (7), 8% of athletes 
were injured, including 8% of males and 8.5% of females. 
Incidence of injuries was significantly higher in the alpine 
(12%) and sledge hockey (11%) events as compared with 
the Nordic/biathlon (4%) and curling (0%) events. Notably, 
no lower limb injuries were reported in the sledge hockey 
competition. 


E No concussions were reported at the 2002 or 2006 Winter 
Paralympic Games. 
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Wrestling 








INTRODUCTION 





E Wrestling is a contact sporting event that matches two com- 
petitors against each other physically and mentally. The 
origins of the sport date back to ancient Greek and Roman 
times near 500 B.C. 

E There are approximately 400,000 wrestlers of all ages in the 
United States. As the sport has grown in popularity and par- 
ticipation has increased, it has been noted that there are in- 
juries and conditions that are unique to the sport. 





DEFINITION OF TERMS 





E Takedown: Points given to a wrestler when advantage is 
gained from a neutral position on feet. This may be achieved 
by a trip or throw. Dependent on the style of wrestling, 
higher point values may be given for the more skillful ma- 
neuver to achieve the takedown (3). 

E Fall: Also known as a pin. Determined by the referee when 
both shoulders are held to the mat for 1 second. The match is 
over at this time (3). 

E Time advantage: This is popularly called riding time. Time 
of control is recorded for both wrestlers and compared. 
A point is given to the wrestlers if their time is 1 or more 
minutes greater than their opponent’s (6). 

E Sparring: An activity participated in when both of the 
competitors are in a neutral position on their feet. Usually 
comprises grappling and blocking in an attempt to achieve a 
takedown (3). 

E Leg wrestling: Term used to describe the use of legs while on 
the mat to attempt to control an opponent (3). 


E Injury timeout: Amount of time allowed to a wrestler 
to attempt to recover from an illness or injury. The time 
allotted is a maximum of 90 seconds throughout the match. 
Additionally, a competitor may have two timeouts during the 
match to tend to injuries as long as 90 seconds of total time is 
not taken (6). 

E Bleeding timeout: Time allowed for the evaluation of a 
bleeding injury. This is different from an injury timeout. The 
amount of time is at the referee’s discretion. Generally, blood 
timeout has no time limit, but an excessive bleeding injury 
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may be cause for disqualification as determined by the ref- 
eree and trainer or physician (6). 





WRESTLING STYLES 





E Greco-Roman: A style that was developed and popularized 


in Europe. Upper body throws are executed with the goal to 
touch the opponent’s shoulders to the mat simultaneously. 
Points are awarded for skill of throws. At no time are the 
wrestlers allowed to use their own legs to gain advantage or 
contact their opponent’s legs (3). 

Freestyle: Used worldwide and in international wrestling 
meets. A style of wrestling that combines the use of the upper 
body and legs to execute maneuvers. Points are awarded for 
exposure of opponent’s back to the mat, takedowns, and re- 
versals. Execution of a more difficult takedown with empha- 
sis on exposure of opponent’s back to the mat will increase 
points awarded. The main objective is to pin the opponent’s 
shoulders to the mat for a 1-second count (3). 

High school/collegiate: The style of wrestling that is used 
in the United States. Considered similar to freestyle because 
of the use of upper body and legs. A major difference is that 
points are awarded for time advantage. Also, a wrestler must 
ensure the safe return of their opponent to the mat after a 
throw or a takedown. Emphasis is placed on pinning the 
opponent (3). 





INJURY DATA 





E Recent National Collegiate Athletic Association (NCAA) 


Injury Surveillance System (ISS) data conclude that col- 
legiate wrestling has a relatively high rate of injury at 
24.3 per 1,000 athlete exposures for competition and 9.7 per 
1,000 athlete exposures for practice, second only to foot- 
ball (7,8). The incidence of injury seems to be highest at 
the beginning of the season, compared with the latter part 
of the season. Although injuries are common, there seems 
to be a consensus that most injuries are not serious on the 
basis of time lost (> 7 days) or injuries that require surgery. 
Comparison of the different weight classes has yielded no 
statistical difference in injury percentages (2). 


The knee is the most commonly injured body part in both 
practice and competition, followed by the shoulder and an- 
kle. The face and neck are the least injured. Sprain is the most 
common type of injury in practice and competition, with 
fracture being the least common (2). 

Most injuries occur during takedowns and sparring (2). 


Contact with the opponent, as compared to contact with the 
mat, was the most common mechanism of injury (2). 





MECHANISM OF INJURIES 





A direct blow from the mat or body contact may result in 
a laceration or contusion during a takedown or sparring. 
Potential serious injury may occur after a fall, especially if a 
competitor lands on an opponent after attempting a throw 
or other types of takedowns (3). 

A friction injury may result in lacerations or abrasions. This 
can occur with continuous body contact or contact with the 
mat. This may later result in skin infections or bursitis (3). 
Sprains and strains may occur after a wrestler uses twisting or 
leverage maneuvers to gain advantage over an opponent (3). 
A competitor may also incur injury to his or her own person 
while attempting maneuvers (3). 

An often overlooked potential mechanism is overuse 
injuries (3). 





HEAD INJURIES 





Concussions occur with direct contact with a body part or 
contact with the mat or floor (3). (See Chapter 43.) 


Concussions may occur without loss of consciousness. It is 
important to evaluate the athlete for any change in behavior 
or thinking or for physical signs and symptoms (6). 

The competitor should be removed from play, evaluated by 
a trained medical professional who has experience in con- 
cussions, and returned to play dependent on the institution’s 
concussion management protocol (6). 

Lacerations and contusion occur frequently from direct 
blows from the mat and body parts, such as the head, 
elbow, and knee. The most common areas are the bony 
areas around the orbits, zygoma, and scalp. Soft tissues 
around the mouth and ears are also potential sites. Dur- 
ing the match, an injury timeout will be called to evaluate 
the area. Treatment during the injury timeout may include 
using Steri-strips to provide temporary closure of the 
wound. Dressing the wound may also be required at this 
time. The match can continue as deemed by the referee 
depending on the severity of the injury. After the match, 
lacerations should be cleaned and dressed properly. Clo- 
sure of wounds with heavy nylon suture is recommended 
if necessary (3). 
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E Epistaxis may occur with a direct blow from an opponent or 
the mat. Blood timeout will be taken to determine the extent 
of the injury. Direct pressure and ice may be applied to the 
nares to reduce the hemorrhage. A pledget or nose plug may 
be inserted to enable the wrestler to continue the match. 
Nosebleed QR is a recently developed product that can be 
inserted into the nose with a swab (9). Direct pressure to the 
involved nostril for 15-30 seconds is required for the prod- 
uct to work properly. If the hemorrhage continues even after 
the above treatments are implemented, then proper medical 
attention must be sought. 


E Nasal fractures with epistaxis are treated as above. A 
competitor should be evaluated for nasal bone displacement 
before return to play. Activity may be resumed when indi- 
cated. A protective facemask with proper nasal padding may 
be used to protect the nose from further injury during com- 
petition (3). 





EAR INJURIES 





E Auricular hematomas, also known as cauliflower ear, are a 
common injury for many competitive wrestlers. The advent 
of wearing properly fitted protective headgear has reduced 
but not eliminated the incidence of this injury. The patho- 
genesis of this injury is usually from a direct blow to the soft 
tissues of the auricle. Fluid collects between the auricular 
cartilage and the perichondrium, disrupting blood flow to 
the auricular cartilage (3). 

E Treatment of auricular hematomas requires aspiration or 
incision and drainage. Without early aspiration, new auricu- 
lar cartilage will form that is tightly encased. This can cause 
discomfort and eventual disfigurement. Compressive dress- 
ings after aspiration are usually applied. These dressings are 
worn for a period of 3-5 days before reevaluation. Return to 
play is individualized based on pain and a discussion of risk/ 
benefits of continuing competition with possible fluid reac- 
cumulation (3). 

E One technique described involves suturing the pressure 
dressing to the auricle with resultant return to play in 
24 hours with a low incidence of complications (10). This 
technique involves suturing dental roll on both sides of 
the pinna with 1.0 nonabsorbable suture. 


E A second technique involves aspiration followed by a col- 
lodion pressure dressing in the antihelix and an Ace wrap 
to ensure uniform pressure in the area of the hematoma. 
The athlete is then reevaluated in 3—5 days. Earlier return 
to play is preceded by a careful discussion of risks and 
benefits. 


E A dry aspiration represents an organization of the hema- 
toma and the early stages of formation of neocartilage 
consistent with cauliflower ear. Long-term management 
(otoplasty) is generally deferred until completion of the 
wrestling season. 
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NECK INJURIES 





E Neck injuries usually occur during takedowns, especially throws, 
or when a wrestler is diving for the opponent’s legs and the head 
is the first part of the body that strikes the mat. This may cause 
injuries such as strains/sprains, stingers, disc injuries, degenera- 
tive joint disease, and even fractures or spinal cord injuries (3). 

E The etiology of neck injuries is most commonly from hyper- 
extension (3). 

E A stinger is a neck injury in which the participant has tran- 
sient burning or shooting pain or paresthesia in an arm di- 
rectly related to neck or shoulder trauma. This may be from 
traction on the brachial plexus or from cervical nerve root 
impingement. Wrestling is second only to football in regard 
to stinger injuries (5). (See Chapter 44.) 

E If cervical fracture or spinal cord injury is suspected, then 
prompt medical attention should be sought (3). 





BACK INJURIES 





ŒE Acute back injuries occur most often during takedowns and 
throws. Mechanisms that may lead to back injury include 
torsional movements, exertion against resistance, and hy- 
perextension while in the standing position or hyperflexion 
while on the mat with an opponent (3). 

E Chronic or recurrent back pain is not unusual in wrestlers 
and may include spondylolysis, spondylolisthesis, or sacro- 
iliac dysfunction (3). 





CHEST INJURIES 





E Chest wall injuries may occur in a variety of ways. Strains 
from torsion, direct blows, compression, and exertion against 
resistance are the most common mechanisms (3). 

E These mechanisms may cause rib contusions/fractures, cos- 
tochondral separations, and abdominal wall strains. Com- 
petitors often present with pain on breathing and moving or 
point tenderness. If a rib fracture is suspected, then careful 
monitoring of the patient must be initiated because of the 
possibility of a hemothorax or pneumothorax. Prompt med- 
ical attention must be sought if this is suspected. Treatment 
with rest, anti-inflammatory medications, and local steroid 
injections may be beneficial. Taping or padding of ribs may 
be instituted after the initial symptoms have been treated (3). 


acromioclavicular strain, shoulder dislocation, shoulder sub- 
luxation, and sternoclavicular strain. Shoulder instability is 
not uncommon in wrestlers (3). 





EXTREMITY INJURIES 





Extremity injuries include injuries to fingers, thumbs, hands, 
and elbows. Injuries to fingers are relatively common. These 
include finger proximal interphalangeal dislocations or 
sprains and subluxation. Sprains may be taped to the ad- 
jacent finger to allow use during competition. Dislocations 
often needed splinted and padded to be functional (3). 

Thumb injuries may be much more disabling. Forceful ad- 
duction of the thumb during takedowns may damage the 
ulnar collateral ligament resulting in a gamekeeper’s thumb. 
The competitor may not have the grasp strength to be effec- 
tive against an opponent. Patient will need to be evaluated for 
possible thumb spica casting and may even need surgery (3). 
The elbow may be injured when an outstretched arm con- 
tacts the mat in an attempt to break a fall. The elbow at this 
time will be hyperextended, leading to ligamentous injury or 
even possible dislocation or fracture. Other common inju- 
ries include olecranon bursitis from direct trauma (3). 





KNEE INJURIES 


The most common body part injured. Knee injuries com- 
posed 21% of all injuries in a recent study. The most com- 
mon of these injuries are strains/sprains, meniscal/cruciate 
tears, fractures, subluxation, and bursitis. Collateral ligament 
injury is the most common type of injury, accounting for 
over 30% of knee injuries. Cruciate ligament injury con- 
versely is much lower (approximately 5%) (2). 

Takedowns and leg wrestling are the most common etiolo- 
gies of ligament damage (3). 


The lead leg used for defense and initiating takedowns is the 
most vulnerable (3). 

Wrestlers tend to have a predilection to injure the lateral me- 
niscus or to have isolated lateral/medial collateral sprains as 
compared to other sports. Etiologies such as overuse, torsion, 
hyperextension, and shearing all have additive effects toward 
injury (3). 

Prepatellar bursitis is a common injury because of time 
spent on the knees while wrestling on the mat or performing 
takedowns (3). 





SHOULDER INJURIES 


Œ Shoulder injuries comprise approximately 14% of all inju- 
ries and rank second to knee injuries. Injuries may include 


SKIN INFECTIONS 





E A problem that is unique to the sport of competitive wrestling 


is skin infections from various bacteria, viruses, and fungi. 


Modes of transmission include person-to-person contact 
on exposed skin, especially abraded skin, and contact with 
poorly disinfected wrestling mats or equipment (3). Accord- 
ing to recent NCAA ISS reports, skin infections are associated 
with at least 17% of the time-loss injuries in wrestling (6). 


E All participating competitors are subject to entire body 


examinations including the hair on the scalp and in the 
pubic area at weigh-in. If an abraded area or an infectious 
skin condition cannot be adequately protected, the partici- 
pant can be medically disqualified. Adequately protected is 
deemed where skin conditions are diagnosed as noninfec- 
tious and treated as per guidelines stipulated by a governing 
body such as the NCAA and are able to be covered with ban- 
dage that will withstand the competition (6). 


Documentation of a competitor’s condition will be made 
available with diagnosis, culture results, and current medical 
therapy. The decision of the physician or trainer is consid- 
ered final (6). 


Bacterial infections of the skin include folliculitis, impetigo, 
furuncle/carbuncle, cellulitis, erysipelas, staphylococcal dis- 
ease, hidradenitis suppurativa, and community-acquired 
methicillin-resistant Staphylococcus aureus (MRSA). Com- 
petitors must not have any new skin lesions for at least 
48 hours. No moist or draining lesions at time of match are 
allowed. Seventy-two hours of antibiotic therapy must be 
completed in order to compete (6). 

Pediculosis- and scabies-infected participants must have 
been treated with the proper medication and examined be- 
fore being allowed to participate in any competition (6). 
Viral infections include herpes gladiatorum, herpes zoster, 
molluscum contagiosum, and verrucae. Herpes gladiatorum 
has received much attention because of the high incidence of 
being contagious and potential for morbidity (4). Wrestlers 
must be free of systemic illness at the time of competition. 
Competitors must have been treated for at least 120 hours, 
with proper antiviral therapy before and at the time of 
the event. No new active blisters or lesions may be present 
72 hours before the medical examination (6). 


E Dry lesions must be covered with an impermeable 
bandage (6). 

E It is recommended that wrestlers with a history of recur- 
rent herpes gladiatorum or labials be on prophylactic 
therapy after consultation with a team physician (6). 


E Herpes zoster infections must have crusted over lesions, 
and the patient cannot be systemically ill before the 
competition (6). 

E Molluscum lesions must be removed by the time of the 
competition. Localized lesions may be covered with a 
permeable membrane followed by stretch tape (6). 


E Verrucae-infected wrestlers are allowed to compete un- 
der the following conditions. Lesions on the face must be 
adequately covered by a mask. Solitary lesions on the face 
must be removed before the match to allow participation. 
Verrucae on the hands must be covered (6). 
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E Fungal infections such as tinea have also come under scrutiny 


because of their high mode of transmission. A minimum of 
72 hours of topical bactericidal-type antifungal treatment is 
required for all tinea corporis. Tinea capitis infections must 
be treated with a minimum of 2 weeks of systemic antifungal 
therapy. Treated lesions may be examined with a KOH prep- 
aration at the discretion of the examining provider. Lesions 
should be washed with a fungal shampoo followed by an 
antifungal cream before being covered with a gas-permeable 
dressing and stretch tape. A competitor will be disqualified if 
the lesion cannot be covered adequately (6). 


There is controversy about the spread of infection among 
teams during outbreaks. Stanforth et al. (11) reported on 
the prevalence of positive MRSA surface cultures in training 
rooms and wrestling facilities and suggested that teams with 
recurrent or widespread infections should thoroughly evalu- 
ate procedures for mat maintenance in cleaning and disqual- 
ifications of infectious wrestlers. Anderson (1) reported on 
the Minnesota experience of a herpes gladiatorum outbreak 
in 2007 favoring more aggressive management of cases and 
restriction of infected athletes as more important. It is clear 
that properly cleaned facilities and identification and restric- 
tion of infected athletes are important. 





WEIGHING IN 





E Competitors are placed into separate categories based on 


their body weight called weight classes. These are predeter- 
mined in advance by a governing body such as the NCAA. 
Currently, there are 10 weight classes ranging from 125 Ib to 
heavyweight (183-235 Ib) under the NCAA guidelines. High 
school participants compete in 14 different weight classes 
ranging from 103-275 lb (6). 

At the beginning of the season, each wrestler is weighed, and 
a minimum weight for the competitor is established (6). 
Nevertheless, one study indicated that many wrestlers com- 
pete below the minimum weight established (12). Perceived 
notions such as being stronger at a lighter weight have a ma- 
jor influence on these decisions. 


The minimum wrestling weight is established by a com- 
parison of several different factors. Hydrated body weight 
is calculated by checking urine specific gravity. If the urine 
specific gravity is less than 1.020, then the weight is recorded 
as the hydrated weight. Skinfold measurements of triceps, 
subscapular areas, and abdomen are measured to calculate 
the body fat percentage. Fat-free body weight is calculated 
and divided by 0.95. This establishes the lowest allowable 
weight-1 (LAW1), which is a measurement of body weight 
with allowable 5% body fat. This weight is compared to 
the lowest allowable weight—2 (LAW2), which is calculated 
over a set period of time as established by the NCAA with 
no more than a 1.5% body weight decrease per week. LAW1 
is compared to LAW2, with the higher weight being the set 
minimal weight. This will be the absolute minimum weight 
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set for the wrestler for the season. A competitor must certify 
by mid-December in a weight class. At no time after this is 
a competitor allowed to wrestle at a weight class below the 
certified weight (6). The above guidelines encompass the 
current recommendation of the American College of Sports 
Medicine that competitors should not compete at a weight 
in which body fat levels would be less than 5% of their pre- 
season weight (12). 

During the season, wrestlers use many methods to lose 
weight to make their respective weight classes. These include 
vigorous exercise before weigh-in to lose water weight and 
self-imposed dehydration and fasting, and some athletes 
may even use weight-loss pills or diuretics. Acute effects of 
the above may be loss of strength and stamina, hypovolemia, 
heat exhaustion or heat stroke, and electrolyte imbalances. 
Long-term effects of continued rapid weight loss with weight 
gain may chronically compromise cardiac and renal blood 
flow. Neuropsychiatric disorders, such as depression, anxiety, 
bulimia, and anorexia nervosa may become prevalent. Other 
sequelae may include decreased growth and maturation, es- 
pecially in younger wrestlers (3). 

It is important for coaches, trainers, and physicians to prop- 
erly educate the competitors on the dangers of rapid weight 
loss. Adequate counseling on nutrition and emphasis on 
conditioning during the season are paramount. The NCAA 
attempts to dissuade competitors from the practice of rapid 
weight loss and gain by decreasing the time between weigh- 
ing in and the actual match (3). By NCAA rules, competitors 
must weigh in no more than an hour before dual, triangu- 
lar, and quadrangular matches. In multiteam tournaments, 
wrestlers must be weighed no more than 2 hours before the 
first match (6). 


Sports-Specific Considerations 
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The Pediatric Athlete 


Andrew McMarlin, Amanda Weiss Kelly, and Terry Adirim 





EPIDEMIOLOGY 





E Each year, 20-30 million children participate in organized 
athletic programs (20). 

E There were over 7.6 million high school-age adolescents par- 
ticipating in organized competitive sports in 2009-2010 (17). 

E About three million pediatric sports injuries occur annually 
in the United States (13). 

E High school athletes account for an estimated 2 million injuries, 
500,000 doctor visits, and 30,000 hospitalizations annually (19). 

E Twenty-five to thirty percent of these injuries occur during 
participation in organized sports, and 40% occur in unorga- 
nized sports (13). 





SPORT-RELATED CONCUSSION IN 
THE PEDIATRIC ATHLETE 


Concussion Incidence 


E The Centers for Disease Control and Prevention (CDC) es- 
timate that traumatic brain injuries in children 14 years old 
and younger result in 435,000 emergency department (ED) 
visits annually, with approximately half of these injuries be- 
ing sports related (8). Because many athletic and play activi- 
ties in this age group are unmonitored and a high proportion 
of injuries do not result in ED visits, the actual incidence of 
head injury is likely much higher. 

E The pediatric neuropsychology and neurosurgery literature 
indicates that pediatric athletes are more susceptible to con- 
cussion than adults and take longer to recover (4,12,23). 


Concussion Management and Return to Play 


E Because of the longer recovery time and greater risk for long- 
term neurologic sequelae in pediatric athletes (4), concus- 
sion should be co-managed with the assistance of a sports 
medicine physician and/or neurologist experienced in the 
management of pediatric concussion. 

E The current international guidelines for this management 
are reflected in the consensus statement of the Third Inter- 
national Conference on Concussion in Sport, held in Zurich, 
Switzerland in November 2008 (16). 








E At this time, the consensus is that any pediatric athlete sus- 


pected of having suffered a concussion should be immedi- 
ately removed from that game or activity with no return to 
that activity that day. 

The consensus outlines a return-to-play protocol consist- 
ing of six rehabilitation stages: 1) no activity until symptom 
free (complete physical and cognitive rest); 2) light aerobic 
exercise; 3) sport-specific exercise; 4) noncontact training 
drills; 5) full-contact practice; and finally, 6) return to play. 
There should be 24 hours between each stage, and if any re- 
turn of concussion symptoms occurs during a rehabilitation 
stage, the patient returns to the previous stage and level of 
rehabilitation. 

Many experts recommend neuropsychological testing prior 
to full return to play, whereas the Zurich consensus empha- 
sizes that this testing should be used as an informational 
aid to the clinician rather than being the sole basis for 
return-to-play decisions. 

There is significant variability in concussion management 
for athletes younger than age 18 years in the number of 
symptom-free days with no activity between the injury and 
the beginning of stage 2. This varies among different prac- 
tices from a minimum of 1 day to 30 days. 


E A vital point for clinicians to remember is that children may 


still demonstrate deficits during neuropsychological testing 
for a period of time after they are “symptom free.” The sa- 
fest approach in athletes who have had baseline testing and 
the protocol currently used in many high schools across the 
United States is to begin stage 2 when their postconcussion 
neuropsychological testing returns to baseline level (with an 
age-standardized baseline level for athletes who had no prior 
testing). An important caveat to this treatment strategy is 
that current computer-based neuropsychological testing is 
only valid down to age 10. 

There is no consensus regarding when an athlete with a his- 
tory of multiple concussions should be restricted from fur- 
ther participation in contact sports. Our understanding of 
the long-term sequelae of different levels of traumatic brain 
injury is still evolving. With this lack of complete evidence, a 
conservative approach to management is appropriate. Evalu- 
ation for disqualification from further contact sport activities 
for a pediatric athlete should be considered on an individual 
basis. The younger the athlete, the lower the threshold should 
be for minimizing the risk of further brain injury. 
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Special Populations 





FRACTURES IN THE PEDIATRIC ATHLETE 





Physeal Fractures 


The physis is the weakest structure in the growing skeleton, 
making it more susceptible to injury than the surrounding 
muscles, tendons, and ligaments. 


Salter-Harris Classification 


The Salter-Harris classification is the most widely used 

method of describing physeal fractures: 

E Type I: Through the physis 

E Type Il: Through the physis and metaphysis 

E Type Il: Through the physis and epiphysis (therefore 
involves the articular surface) 

E Type IV: Through the metaphysis, across the physis, 
through the epiphysis, and involving the articular surface 

E Type V: Crush injury to the physis 

E Type VI: Injury to the perichondrium 

Type I fractures have the best prognosis, with minimal risk 

for growth arrest in these fractures. 

In type II fractures, growth arrest may occur, especially at 

specific sites, such as the distal femoral physis. 

In type III injuries, growth arrest is rare, but since the joint 

surface is involved, anatomic reduction must be maintained 

to ensure articular cartilage congruity and prevent future 

joint degeneration. 

In type IV injuries, there is concern for both growth arrest 

and articular cartilage congruity. 

Type V injuries are usually diagnosed retrospectively after 

growth arrest or angular deformity has occurred. 

Finally, in type VI injuries, angular deformities may occur if 

a bony bridge develops in the perichondrium on one side of 

the physis. 

Salter-Harris fractures can usually be diagnosed with plain 

films, but magnetic resonance imaging (MRI) and computed 

tomography (CT) are sometimes used to more accurately 

delineate physeal injuries. 


Apophyseal Avulsion Injuries 


Apophyses are growth plates that add shape and contour, 
rather than length, to a bone. They are often sites for muscle 
attachment. 

Apophyseal avulsions typically occur as a result of violent 
contraction of the attached muscle (23). 

The pelvis is a common site for avulsion fractures. The an- 
terior superior iliac spine (ASIS) can be avulsed by the sar- 
torius muscle with violent flexion of the hip, such as when 
a sprinter is accelerating in the first few strides from the 
starting block. 

Violent flexion of the hip or extension of the hip when com- 
bined with knee extension can also lead to avulsion of the 
anterior inferior iliac spine (AIIS) by the rectus femoris. 


E Diagnosis of both injuries can be made with plain 


radiographs. Treatment is conservative including symptom- 
limited weight bearing until pain free, followed by rehabilita- 
tion and gradual return to activities. 

Recovery from an avulsion injury of the AHS injury is typi- 
cally more prolonged than that of an ASIS injury. 

Abrupt contraction of the abdominal muscles or tensor fascia 
lata (muscle of the iliotibial band), as with a rapid direction 
change, can lead to avulsion of the iliac crest. Direct trauma 
can also fracture the iliac crest apophysis. This commonly oc- 
curs when an athlete is tackled in football. Plain radiographs 
may not be as useful for diagnosis in this injury, because 
displacement may be minimal. MRI may be helpful in diag- 
nosing iliac crest avulsion. Treatment is conservative and in- 
cludes protected weight bearing until the athlete is not in pain 
followed by rehabilitation and progressive return to activity. 
Other sites of avulsion injury in the hip and pelvis include 
the greater trochanter (gluteus medius), lesser trochanter 
(iliopsoas), and ischial tuberosity (adductors, hamstrings). 
Diagnosis and treatment are similar to that mentioned for 
ASIS and AIIS injuries. 

Tibial tubercle avulsions typically occur while an athlete is 
landing or jumping, as a result of a violent contraction of 
the quadriceps. Excessive bleeding and swelling can cause an 
anterior compartment syndrome, so a careful neurovascular 
examination is essential. Diagnosis can be made with plain 
radiographs. Long leg cast immobilization with the knee 
in extension for 3—4 weeks is adequate treatment for non- 
displaced fractures. Open reduction with internal fixation 
(ORIF) is required if there is significant displacement of the 
fracture fragment. 

Avulsions of the medial epicondyle are common in throw- 
ing athletes. The athlete typically reports feeling a snap or 
pop during the throwing motion. Anteroposterior (AP) 
radiographs will demonstrate the avulsion. Minimally dis- 
placed fractures can be treated with immobilization, whereas 
fractures displaced more than 5 mm should receive surgical 
referral (12). 

Vertebral end-plate fractures are an avulsion of the ring 
apophysis of the vertebra. If the avulsion is from the posterior 
inferior portion of the vertebra, the apophyseal attachment of 
the associated disc and the apophysis can be displaced into the 
vertebral canal, causing neurologic symptoms. This injury can 
be difficult to distinguish from disc herniation. Plain radio- 
graphs can show the separated bony fragment, and MRI can 
demonstrate marrow edema. For symptomatic displacement 
of the apophysis into the vertebral canal, treatment is operative 
removal of the disc and bony fragment. Without neurologic 
symptoms, initial treatment is conservative management. 


Torus Fractures 


E ‘Torus or buckle fractures are compressive fractures that lead 


to failure of the bone at the junction of the metaphysis and 
diaphysis. 


Æ This type of injury only occurs in children and is possible 
because of the porous nature of their bones. 

E ‘Torus fractures are stable and heal well. They can be treated 
with splinting or casting for comfort. 


Greenstick Fractures 


E Another fracture that only occurs in children, the green- 
stick fracture, refers to an incomplete fracture in the shaft 
of a long bone. There is disruption of one cortex of the bone 
and bending of the other. The ability of the pediatric bone to 
plastically deform allows for the occurrence of this type of 
fracture. 


E Greenstick fractures with minimal angulation can be treated 
with immobilization. 


E Surgical intervention may be required for fractures with sig- 
nificant angulation. 


Complete Fractures 


ŒE Complete fractures are fractures through both cortices that 
are often displaced and/or angulated, requiring closed reduc- 
tion or ORIF. 


Wrist/Forearm Fractures 


E Wrist and forearm fractures are some of the most common 
fractures in children. 


Æ Most of these fractures can be treated with casting or splint- 
ing but may require reduction or ORIF. 

E Carpal navicular or scaphoid fractures can occur in children 
with open growth plates and have a high rate of nonunion. 


Supracondylar Fractures 


E Supracondylar fractures are very common among 3- to 
11-year-old children. 

E Supracondylar factures are one of the pediatric fractures 
with the highest risk of complications, with neurovascular 
complications being particularly common. 


E These fractures are usually sustained from a fall on an 
outstretched hand, but can also occur as a result of direct 
trauma. A thorough neurovascular examination is impera- 
tive if a supracondylar fracture is suspected. 

E The diagnosis can typically be made with plain lateral radio- 
graphs of the elbow. 

E Any child with a supracondylar fracture should be referred 
for evaluation by a pediatric orthopedist, because many re- 
quire surgical fixation. 





OVERUSE INJURIES 





E Overuse injuries have become more common in children 
with the growth of competitive youth sports programs (9). 
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Æ The risks of overuse are more serious in the pediatric/adoles- 
cent athlete because the growing bones of the young athlete 
cannot handle as much stress as the mature bones of adults (5). 


E The American Academy of Pediatrics (AAP) recommends 
encouraging athletes to incorporate 1-2 days per week of 
rest from competitive athletics, sports-specific training, and 
competitive practice to allow for children and adolescents to 
recover both physically and psychologically. The AAP also 
emphasizes that the focus of sports participation should be 
on fun, skill acquisition, safety, and sportsmanship. 

Œ Risk factors for overuse injuries are often divided into 
intrinsic and extrinsic factors. 


Intrinsic Risks for Overuse Injuries 


E Some issues specific to immature skeletons contribute to the 
risk for overuse injuries in children. For instance, children 
have growth cartilage in several areas of the skeleton, and it 
is particularly susceptible to injury from repetitive stress. 

E Growth cartilage is found at the physes (epiphysis and 
apophysis). 

E Also, as children experience growth spurts, there are rapid 
changes in bone length, which can lead to a relative inflex- 
ibility of the muscle-tendon units that cross joints. This may 
predispose the growing athlete to muscular, joint, and phy- 
seal injury (9). 

E Abnormalities in alignment may also predispose an athlete to 
overuse injuries. Pes planus or cavus, overpronation, patel- 
lofemoral malalignment, tibial torsion, femoral anteversion, 
and leg length discrepancies may be related to increased risk 
for overuse injuries in athletes (9). 


Extrinsic Risk Factors for Overuse Injury 


E Improper training technique can contribute to the risk for 
overuse injury. 

E Increasing intensity, duration, or frequency of training too 
quickly can lead to overuse injury. 

E In runners, injury may also result from persistently running 
the same direction around the track or on the same side of 
the street due to angulation of the running surface. 

E Also, parental and coaching pressures to increase the inten- 
sity of a child’s training can contribute to injuries. 

E Improperly fitting or worn out equipment may increase the 
risk of injury. For example, using worn out running shoes or 
adult-sized weight-training equipment may predispose the 
pediatric athlete to overuse injury. 

E Year-round participation in the same sport may increase the 
risk of overuse injury. 


Common Overuse Injuries 


Traction Apophysitis 
E A traction apophysitis occurs where a muscle group attaches 
to a secondary center of ossification. 
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It is caused by repetitive stress at these sites that can lead to 
pain and swelling. 

The diagnosis of an apophysitis can usually be made on 
physical examination. In nonclassic cases, radiographs may 
help rule out other conditions. 

Osgood-Schlatter disease is an apophysitis of the tibial tu- 
bercle. It is associated with inflexibility of the quadriceps 
and hamstrings. Jumping and kicking activities exacerbate 
Osgood-Schlatter disease, so it is commonly diagnosed in 
basketball and soccer players. Treatment involves relative 
rest, as well as quadriceps stretching. Strengthening may ag- 
gravate the condition. 

Sinding-Larsen-Johansson syndrome is an apophysitis of the 
inferior pole of the patella and is similar in cause and treat- 
ment to Osgood-Schlatter disease. 

Apophysitis of the medial epicondyle of the elbow is com- 
mon in throwing athletes. It is often termed “little league 
elbow.” Traction on the medial epicondyle occurs as a result 
of the valgus stress placed on the elbow during the throwing 
motion. 

Treatment includes relative rest followed by progressive 
strengthening and gradual return to throwing activities. The 
athlete’s throwing frequency, effort, and technique should be 
evaluated, and any errors should be corrected. Pitch counts 
should be monitored closely to ensure that the volume of ef- 
fort does not exceed an age-appropriate level. 

Sever disease, or calcaneal apophysitis, is a condition result- 
ing in pain at the site of the Achilles tendon insertion on the 
calcaneus. This is associated with growth spurts and occurs 
mainly in active 8- to 15-year-olds. 

Treatment includes application of cold packs to the area, 
bilateral heel lifts in shoes to reduce strain on the Achilles 
tendon insertion site, and relative rest followed by gradual 
return to play. 

Iselin disease is an apophysitis of the insertion site of the 
peroneus brevis tendon on the lateral aspect of the base of 
the fifth metatarsal (28). 


This condition may appear on x-ray as a widening of the 
apophysis on the inferior lateral base of metatarsal. This has 
an orientation parallel to the fifth metatarsal diaphysis. This 
parallel, rather than more perpendicular, orientation helps 
differentiate this condition from Jones fractures and com- 
pleted stress fractures. 


Pelvis Apophysitis 


Apophysitis of the pelvis/hip usually affects 14- to 18-year- 
old runners, sprinters, dancers, soccer players, and ice hockey 
players. Adolescents with excessively tight hip and thigh 
muscles are more prone to this overuse condition. 

The apophyses most commonly affected are the ASIS, AHS, 
and iliac crest. The muscles that attach to these apophyses 
flex the hip and rotate and twist the pelvis and trunk. 
Differentiating between this and apophyseal avulsion injury 
is both clinical (slow onset of dull pain in the groin or side 


of the hip that worsens with activity rather than an acute 
or traumatic onset of pain) and radiologic. Both x-ray and 
ultrasound should show a symmetric width of the affected 
apophysis relative to the asymptomatic side. 

Differentiating pelvic apophysitis from muscle strain can be 
challenging but is also managed similarly, with relative rest, 
ice, gentle stretching, and gradual progression of activity as 
the symptoms resolve. 


Osteochondritis Dissecans 


Osteochondritis dissecans (OCD) is a disorder of growth 
cartilage where there is a separation of cartilage and sub- 
chondral bone from underlying well-vascularized bone. 
Because this condition may not actually have an inflamma- 
tory component, the term osteochondral lesion (OCL) is 
coming into more common usage. 


Common sites for OCD in children include the knee, ankle, 
and elbow. 


OCD lesions are usually noted on plain radiographs, al- 
though MRI may be needed to identify early or subtle lesions. 
MRI is also used to assess the stability of the fragment and 
viability of subchondral bone. 


In general, younger patients and patients with stable lesions 
have the best prognosis. 


OCD in the knee is most often found on the lateral aspect of 
the medial femoral condyle but may also be found on the lat- 
eral femoral condyle or trochlea. Patients usually complain 
of vague knee pain and intermittent swelling. If the affected 
fragment has detached from the underlying bone, creating a 
loose body, there may be complaints of locking and catching. 
If the fragment is stable, a period of rest and a gradual re- 
turn to activity with physical therapy to improve leg strength 
may be adequate for treatment. If the articular cartilage is 
disrupted or a loose body is present, a surgical referral is 
indicated. 

The capitellum of the elbow is a common site for OCD le- 
sions in throwing athletes and gymnasts. In young patients 
with stable lesions, treatment includes rest, physical therapy, 
and instruction in proper throwing technique. If the affected 
fragment is unstable, surgical referral is indicated. 


OCD of the Talus 


The talus is the third most common site of OCD/OCL (28). 
These defects are thought to be primarily due to trauma but 
can also be idiopathic. Approximately two-thirds of the de- 
fects are posteromedial, which tend to be deeper, and one- 
third are shallower anterolateral lesions (29). 


Both locations of OCLs present with joint line tenderness 
and an effusion. 


Radiographically, these lesions are best seen on mortise view 
with plantarflexion or dorsiflexion of ankle. The following 
classification system by Berndt and Harty is commonly used: 


E Type I: Small area of compression 
E Type II: Partially detached osteochondral lesion 


E Type II: Completely detached, nondisplaced fragment 

E Type IV: Detached and displaced fragment 

Treatment for type I lesions is typically conservative manage- 
ment with weight bearing as tolerated. For type II and III le- 
sions, casting for 6-10 weeks was slightly more effective than 
simple non—weight bearing in resolution of the lesions (53% 
vs. 45% resolution) (29). 

For nonresolution of symptoms with conservative treatment 
after 8-12 weeks, a negative bone scan rules out OCL, where- 
as a positive scan should be followed with CT or MRI to 
more accurately stage the lesion for surgical treatment (28). 


Scheuermann Disease 


Scheuermann disease is a common adolescent condition that 
causes painful thoracic kyphosis, loss of anterior vertebral 
body height, and wedging of the vertebral bodies (28). 

Most patients have tightness of the hamstrings, gluteals, and 
lumbodorsal fascia (28). 

The etiology is unclear, but it may be an overuse syndrome. 
Diagnosis can be made with plain radiographs of the thoracic 
spine, which demonstrate anterior wedging of at least three 
vertebral bodies, irregular vertebral end-plates (Schmorl 
nodes), and narrow disc spaces. 

Treatment includes physical therapy for strength and flex- 
ibility. Bracing may be used for a period of 9-12 months if 
kyphosis with Cobb angle > 50 degrees is present and the 
patient is skeletally immature (3). 


Stress Fractures 


Stress fractures occur when there is an accumulation of dam- 
age from repetitive stresses that outstrips the bone’s ability to 
repair and remodel. 

Stress fractures are most commonly found in the lower 
extremities but can also be found in the spine and upper 
extremity. 

Stress fractures may be diagnosed with plain radiographs 
but single photon emission CT (SPECT), CT, or MRI may be 
needed. 

Many stress fractures are similar in the adult and pediatric 
populations, and only stress fractures specific to the pediatric 
population are discussed here. 


Spondylolysis 


The term spondylolysis refers to a stress fracture of the pars 
interarticularis of the spine. 


If there is a fracture of both pars, then it may become un- 
stable, and forward displacement of one vertebra on another 
may result, which is termed spondylolisthesis. 

Athletes participating in sports that require repetitive hyper- 
extension, like gymnastics or football, may be at increased 
risk for spondylolysis. 

Most patients complain of low back pain, which is worse 
with extension and is relieved by rest. 
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Spondylolysis can often be diagnosed with plain radiographs 
and is best seen on oblique views. It can, however, occur 
without changes on plain radiographs. In this case, SPECT, 
MRI, or CT can be used to detect the abnormality (15). 
Treatment includes activity restriction until the patient is 
asymptomatic followed by a gradual return to activity. A 
program of core/lumbar strengthening and flexibility should 
also be instituted. Some practitioners recommend bracing at 
diagnosis, whereas others recommend bracing only if the pa- 
tient continues to have pain, despite adequate rest. 
Prognosis is best in cases where only SPECT scan is positive 
and there is not yet plain radiographic evidence of disease. In 
cases where radiographic evidence of spondylolysis is pres- 
ent, the likelihood of healing is lower. 

If spondylolisthesis has occurred, there is no chance for 
healing. 

Conservative therapy, similar to that for spondylolysis, is the 
most widely recommended treatment for spondylolisthesis. 
The role of surgery is controversial. In cases where neuro- 
logic compromise is evident or slipping of the vertebra pro- 
gresses, surgical stabilization is recommended (22). 


Proximal Humeral Physeal Stress Fracture 


The proximal humeral stress fracture is often referred to as 
“Tittle league shoulder,” although it is also seen in other over- 
head athletes, such as tennis or volleyball players. 

The throwing motion places torsion and distraction forces on 
the proximal humerus, which when done repetitively, can re- 
sult in proximal humeral stress fracture. AP internal and ex- 
ternal rotation views of the shoulder with comparison views 
of the opposite shoulder on radiograph can demonstrate 
widening, sclerosis, or cystic changes of the affected physis. 


Treatment involves cessation of throwing or other overhead 
activities until the child is asymptomatic, usually about 
3 months (25). At that time, progressive return to activity 
is allowed. Throwing mechanics should be evaluated, and 
parents and coaches should be warned not to encourage 
excessive throwing. Age-appropriate pitch counts should be 
followed. 


Distal Radius Physeal Stress Fractures 


Distal radius physeal stress fracture is a Salter-Harris type V 
stress fracture that typically occurs in gymnasts. 

It is caused by the unusual amount of weight-bearing activi- 
ties that gymnasts perform with their upper extremities. 
Radial-sided wrist pain is the most common symptom early on. 
The diagnosis may be made with plain radiographs by com- 
paring the affected side to the nonpainful side. Abnormal 
widening of the physis, “beaking” of the epiphysis, and cystic 
changes on the metaphyseal side of the bone may be noted 
on the affected radius; however, MRI may be needed to make 
the diagnosis if plain radiographs are normal. 

Treatment includes rest until the athlete is asymptomatic, 
usually 1-3 months. Splinting or casting may be helpful. 
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When pain has completely resolved, a gradual return to 
upper extremity weight bearing is permitted. Attention to 
technique errors upon return to sport may help prevent 
reinjury. 


Lunatomalacia (Kienb6ck Disease) 


Kienbéck disease is a painful, unilateral condition of the 
wrist that radiates up the forearm in 15- to 40-year-olds 
(28). It involves collapse of the lunate from vascular in- 
sufficiency and avascular necrosis after single or repetitive 
microfractures of the bone. These fractures are thought 
to occur during recurrent compression of the lunate from 
loads to the wrist while in extremes of flexion and/or 
extension. 


Negative ulnar variance increases risk for this condition. 
Radiographic findings may be normal initially and progress 
to demonstrating total lunate collapse and fragmentation. 

If not corrected surgically, this may progress to severe wrist 
disability and chronic pain. 





ANATOMIC VARIANTS 





Several anatomic variants may predispose the pediatric ath- 
lete to pain and injury. 


Discoid Lateral Meniscus 


Athletes with discoid lateral meniscus often complain of a 
snapping sensation with extension of the knee. 

Some discoid menisci are not diagnosed until they are torn, 
in which case the athlete tends to complain of pain, swelling, 
and mechanical symptoms. 

Diagnosis can often be made on clinical examination. 


MRI can also be used to diagnose meniscal tears and discoid 
lateral menisci. 

A torn discoid lateral meniscus requires surgery. If a dis- 
coid lateral meniscus is found incidentally, surgery is not 
indicated. 


Tarsal Coalition 


Tarsal coalition is a bony or fibrocartilaginous connection of 
two or more tarsal bones. 


The most common examples are calcaneonavicular and talo- 
calcaneal coalition. They are often bilateral. 

Symptomatic patients typically complain of vague pain that 
is insidious in onset. The diagnosis of calcaneonavicular 
coalition can usually be made on the oblique view of the 
plain radiograph, but CT scan may be necessary to provide 
a more detailed view of the anatomy or to see talocalcaneal 
coalition. 


Conservative therapy includes rest, immobilization, rigid 
shoe inserts, and anti-inflammatory medication. 


In patients who fail conservative therapy, surgical resection 
of the coalition can be undertaken. 


Accessory Ossicles 


Quite common in the foot, the accessory navicular is an 
accessory ossicle of the proximal medial foot into which a 
portion of the posterior tibialis tendon inserts. 


Athletes involved in sports that stress the posterior tibialis 
tendon with running and jumping, like basketball, may de- 
velop accessory navicular pain. Flexible flat feet (excessive 
foot pronation) are often present. 


Diagnosis can be made on the external oblique radiograph of 
the foot. 


Treatment is typically conservative, with rest, shoe inserts, 
ice, nonsteroidal anti-inflammatory drugs, and rarely, im- 
mobilization. Excision can be performed if conservative 
therapy fails. 

The os trigonum is another common accessory ossicle that is 
found posterior to the talus. 


Sports that involve repetitive plantarflexion, such as ballet or 
soccer, can lead to impingement of the os trigonum between 
the posterior tibia and calcaneus. 


An os trigonum can usually be seen on lateral radiograph of 
the ankle. 

Conservative therapy is usually effective. This includes physi- 
cal therapy for strengthening and flexibility, relative rest, anti- 
inflammatory medication, and, sometimes, injection. Surgical 
excision can be performed if conservative therapy fails. 


THE OSTEOCHONDROSES 





The osteochondroses are a group of chronic disorders that 
involve the epiphyses or apophyses. 

They begin as an avascular necrosis of the epiphyseal center 
followed by eventual repair and replacement of the ossifica- 
tion center. 


Panner Disease 


Panner disease is an osteochondrosis of the capitellum as- 
sociated with repetitive trauma from throwing. It involves 
variations in the normal ossification of the capitellum of the 
humerus (26). 

This condition typically affects children between 5 and 
11 years of age, a younger age group than that which is typi- 
cally affected by OCD of the capitellum. 

The athlete complains of pain with activity and may have 
swelling of the elbow. 


Fragmentation of the capitellum is noted on radiograph of 
the elbow. 

This is a self-limiting disease and can be treated conserva- 
tively with activity modification. 


Legg-Calve-Perthes Disease 


Osteochondrosis of the femoral head is referred to as Legg- 
Calve-Perthes disease. 

Symptoms include knee, groin, or anterior thigh pain and 
limping after activity. 

AP and frog lateral radiographs of the hip confirm the 
diagnosis. 

The main goal of treatment is to maintain range of motion 
and prevent deformity of the femoral head by keeping it con- 
tained in the acetabulum. 


Orthopedic referral is indicated. 


Freiberg Disease 


Freiberg disease is an osteochondrosis of the metatarsal head. 
It usually affects adolescents. 

Forefoot pain is the typical complaint. 

Flattening of the metatarsal head and fragmentation of the 
epiphysis can be seen on plain radiographs. However, MRI 
or bone scan may be necessary for diagnosis early in the dis- 
ease process. 

With early diagnosis, conservative therapy, including relative 
rest, padding of the affected metatarsal head, and orthotics, 
may be successful. With failure of conservative therapy, sur- 
gical referral should be made. 


Kohler Disease 


Kohler disease is a unilateral avascular necrosis of the na- 
vicular bone occurring in 4-year-old boys and 5-year-old 
girls. This presents as a painful limp with shifting of weight 
to the lateral aspect of the foot. The navicular is the last bone 
in the foot to ossify, which may make it more vulnerable to 
compressive damage during weight bearing. 
Radiographically, the appearance of the navicular bone in 
Kohler disease may be normal to completely collapsed (the 
opposite, asymptomatic side may have the same radiologic 
appearance). The prognosis is typically complete recovery 
with conservative treatment, including control of pain and 
swelling, reduced strenuous activity, and longitudinal arch 
supports and/or medial heel wedges. 





SAFETY 


Heat and Cold Illness 


Exercising children may not adapt to extremes of tempera- 
ture as effectively as adults when exposed to a high climatic 
heat stress. The adaptation of adolescents falls in between. 


According to the CDC-funded National High School Sports- 
Related Injury Surveillance Study, there were 9,000 cases of 
heat illness reported in children and adolescents between 
2005 and 2009. 
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Children have a larger body surface area to body mass ra- 
tio than adults, making children more likely to gain heat 
from the environment in hot conditions and lose it in cold 
environments (26). 

Heat loss in children is even more apparent in water because 
of the high thermal conductivity of water. 

Compared to adults exercising at a given level, children 
have increased heat production per kilogram of body mass. 
This leads to faster increases in body temperature in warm 
weather, but can be protective when exercise is performed in 
cold environments (24). 

Another disadvantage for children exercising in warm envi- 
ronments is that the sweating rate in children is lower than 
in adults. This is particularly important when the tempera- 
ture of the environment exceeds the skin temperature. In this 
type of environment, sweat evaporation from the skin is the 
only means for cooling the body. 

When dehydrated, a child’s temperature rises faster than an 
adult’s, increasing the risk for serious heat injury (26). 
Considerable effort has been made over the past several 
years to reduce heat injury in sports. The National Athletic 
Trainers’ Association (NATA) has developed heat acclimati- 
zation guidelines designed specifically to prevent deaths in 
high school football players (7). 


Hydration 


Children should be well hydrated prior to starting any physi- 
cal activity (26). 

During activity, children should be encouraged to drink 
120 mL (5 oz) of water every 20 minutes. Older, heavier chil- 
dren will require 250 mL (9 oz) every 30 minutes (26). 

For activities lasting longer than 1 hour, a 6% carbohydrate 
solution with sodium and chloride should be used. 
Beverages should be cold to improve palatability. 
Lightweight clothing should be worn to facilitate sweat 
evaporation. 


Sun Exposure 


Sunscreen with sun protection factor (SPF) of 15 (or higher) 
should be applied 20 minutes prior to sun exposure to re- 
duce the risk for sunburn and should be reapplied because 
sweating and activity mechanically reduce the amount of 
sunscreen coverage. 


Sun exposure during childhood has been linked to the devel- 
opment of skin cancer in adulthood. 


Proper Equipment 


Children should be provided with appropriately sized equip- 
ment in good condition for sport participation. 

Padding for football, hockey, and soccer is made in children’s 
sizes. 
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Weight-training equipment can be found in sizes and with 
weight increments appropriate for children. 

Mouthguards should be worn for all contact sports to pre- 
vent dental injury. 


Preseason Medical Evaluation 


The preparticipation physical examination may prevent inju- 
ry by identifying medical conditions that can be exacerbated 
by sports participation and musculoskeletal issues that can 
be addressed and rehabilitated before sports participation. 


Primary objectives for this visit include detection of condi- 
tions that may predispose to injury; detection of conditions 
that may be life threatening or disabling; identification of mus- 
culoskeletal problems that need rehabilitation prior to partici- 
pation; and meeting of legal and insurance requirements. 
Other important objectives include review of general health 
including psychological health, counseling on health-related 
issues, and assessment of fitness level for specific sports (2). 


Growth and Development 


Some debate exists over whether or not sports participation 
has an effect on growth. 


Regular physical activity does not appear to have any adverse 
effects on growth (26). 

There is some evidence that intense, high-volume training 
may adversely affect growth. 


It appears that young athletes who experience attenuated 
growth during training will exhibit catch-up growth when 
training levels decrease. High-intensity exercise, alone, may 
not account for these effects on growth; inadequate nutri- 
tional compensation for a given training volume may also 
play a role. 


Female Athlete Triad 


The female athlete triad (FAT) refers to the interrelationship 
between energy availability, changes in menstrual function, 
and bone mineral density, 


A spectrum exists for each component of the triad, and an 
athlete may sit anywhere along the spectrum for each com- 
ponent. For energy availability, an athlete may have normal 
energy availability, reduced availability, or low availability, 
with or without an eating disorder. For menstrual function, 
an athlete may be eumenorrheic, have subclinical menstrual 
dysfunction, or functional hypothalamic amenorrhea. And 
for bone density, an athlete may have optimal bone density, 
low bone density, or osteoporosis. 

The prevalence of FAT is unknown. One study found eating 
disorders in 31% of elite female athletes in “thin-build” sports 
compared to 5.5% of the control population (6). Another 
found that 25% of female elite athletes in endurance sports, 
aesthetic sports, and weight-class sports had clinical eating 
disorders compared to 9% of the general population (27). 


Sustained low energy availability, with or without disordered 
eating, can impair health. 

Psychological problems associated with eating disorders in- 
clude low self-esteem, depression, and anxiety disorders. 
Medical complications of eating disorders involve the car- 
diovascular, endocrine, reproductive, skeletal, gastrointesti- 
nal, renal, and central nervous systems. 


Sustained low energy availability can lead to menstrual cycle 
changes including amenorrhea. 


Bone mineral density (BMD) declines as the number of missed 
menstrual cycles accumulates, and the loss of BMD may not 
be fully reversible. Stress fractures occur more commonly in 
physically active women with menstrual irregularities and/or 
low BMD, with a relative risk for stress fracture two to four 
times greater in amenorrheic than eumenorrheic athletes (18). 


Screening for FAT can be challenging because its health con- 
sequences are not always readily apparent. Optimal screen- 
ing times for FAT occur at the preparticipation physical 
exam and annual health checkups (18). 


Strength Training 


Strength training by children and adolescents, when prop- 
erly supervised, is considered safe and efficacious. 


Strength training is often recommended for improvement in 
sports performance, injury rehabilitation, injury prevention, 
and general health benefits (1). 


Studies have shown that when properly structured, strength 
training can increase strength in preadolescents and adoles- 
cents (10,11). 

In preadolescents, strength training increases strength but 
does not result in muscle hypertrophy (14,21). 

The 2008 position statement from the AAP Committee on 
Sports Medicine and Fitness concludes that there is not 
enough evidence to assert that strength-training programs 
help prevent sports-related musculoskeletal injuries in pre- 
adolescents and adolescents except for specific plyometric 
training programs for adolescent girls for the reduction of 
anterior cruciate ligament injuries. 
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Brian K. Unwin 





INTRODUCTION 





E Although the challenges of age-related changes may require 


training modifications and a reassessment of goals, exercise 
rarely requires complete elimination secondary to a medical 
disorder. 


This chapter will discuss the following: 
E The demographic shift in aging of the American population 


E Normal age-related physical and physiologic changes 
related to aging 


E Physiologic and functional benefits of exercise and activity 
E Preparticipation screening 
E General exercise prescription for the older athlete 





THE OLDER ATHLETE 





For purposes of discussion, an older athlete will be defined as 
age 65 years or greater. 

By 2030, about 20% of all Americans (70 million) will be age 
65 or older and will outnumber the pediatric population (15). 
The average 75-year-old has three chronic conditions and 
is on five prescription medications. Exercise has been dem- 
onstrated to have positive effects in preventing a number of 
chronic diseases and is also an important tool to treat the 
very same conditions (22). 

Sedentary lifestyle is the most prevalent modifiable risk 
factor for heart disease, a condition present in approxi- 
mately 50% of individuals age 55—64 and 65% of those age 
65-74. One-third of all men age 75 or greater and half of 
all women of the same age report no or limited physical 
activity (22). 

Runners age 65 or greater currently make up only 1%—2% of 
American marathon runners (9,18). Individuals age 50 and 
older make up 23% of health club members. Adults born 
from 1946-1964 (“Baby Boomers”) attending health clubs 
are more likely to cross-train and more likely to attend the 
club regularly—112 days per year (24). 

Although less likely to suffer from acute traumatic injury re- 
lated to exercise, Baby Boomers are more likely to experience 
overuse injuries (5). 
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The Geriatric Athlete 


E The benefits of sports and athletics shift from recreation and 
cardiovascular fitness in the young to middle-aged individ- 
ual to preserving physical, cognitive, social, and emotional 
functioning in the older adult. 

E Preserving function in late life helps mitigate the direct and 
indirect costs related to the chronic care of older adults. 
Numerous studies support the contention that exercise is 
the key factor to minimize late-life disability and premature 
mortality (6,11,13,19,25). 





PHYSICAL AND PHYSIOLOGIC CHANGES 
RELATED TO AGING 





E Normal physiologic changes related to aging are discussed 
elsewhere in detail (15). These changes intertwine with com- 
mon comorbidities in older adults such as hypertension, dia- 
betes, hyperlipidemia, and arthritis (Table 114.1). The key 
physiologic change for athletes is the decrease in VOsmax and 
maximal heart rate. 
Œ The older adult additionally copes with aging-associated 
syndromes such as dementia, depression, disability, falls, 
incontinence, and frailty. See Table 114.1 for a synopsis of 
these conditions. 
E An appreciation of this intersection of normal aging chang- 
es, common medical comorbidities, and geriatric syndromes 
is crucial to assist the aging athlete. Examples of this include: 
E The older golfer with hypertension and aortic valvular 
sclerosis who develops syncope 

E The older postmenopausal female cyclist who develops 
incontinence 

E Delirium manifesting in an older athlete who has just 
completed a marathon 

E A runner with refractory gastroesophageal reflux that 
results in malnutrition 





PHYSIOLOGIC AND FUNCTIONAL 
BENEFITS OF EXERCISE 


ŒE Some of the physiologic effects of exercise are listed in 
Table 114.1. In addition to the direct effects on the heart and 


Common Conditions and Exercise Effect in Older Adults 





Aging-Related Physiologic Changes 


Common Comorbid Conditions 


Common Geriatric Syndromes 


Exercise Effects 





Cardiovascular: 
Decreased VOomax 
Decreased maximal heart rate 
Decreased maximal cardiac output 
Rise in systolic blood pressure 
Widening pulse pressure 
Increased large artery stiffness 
Increased fibrosis 
Decreased innervation 
Valve fibrosis 
Myocyte dropout 

Skeletal muscle: 
Sarcopenia 
Loss of Type I and II muscle fibers 
Decreased basal metabolic rate 
Decreased fiber volume 
Muscle denervation 
Decreased mitochondrial volume; 

increased collagen 

Decreased flexibility 

Pulmonary: 
Lower maximal expiratory flows 
Stable total lung capacity 
Lower diffusing capacity 
Increased ventilation/perfusion mismatch 
Lower respiratory muscle strength 
Loss of lung elastic recoil 
Stiffer chest wall 
Increased airway reactivity 
Lower respiratory drive 
Declining partial pressure of arterial oxygen 

to age 65 
Bone, ligament, cartilage, meniscus, and tendon 


Bone: loss of mineral density; “tubularization” 


of diaphyseal bone 
Cartilage: chondromalacia; disuse activity 
with inactivity 
Ligaments and tendons: stiffness; increased 
risk for complete 
failure; decreased vascularity 
Meniscus: degeneration; subject to tears; 
less stress dissipation 
Renal: 
Decreased renal blood flow and glomerular 
filtration rate 
Age-related glomerulosclerosis 
Impaired concentrating capacity 
Impaired sodium preservation 
Impaired response to vasopressin 
Decreased thirst perception 
Decreased total-body water 
Decreased plasma renin and aldosterone 
production 
Gastrointestinal: 
Drug interaction 
Cholelithiasis 
Decreased anal sphincter pressure 
Delayed transit 
Decreased lower esophageal pressure 
Dysphagia 
Hematologic: 
Decreased hematopoietic response to stress 
Sensory: 
Presbyopia 
Presbycusis 
Cataracts 


Anemia 

Arthritis 

Atrial fibrillation 

Cancer 

Chronic kidney disease 

Chronic obstructive pulmonary 
disease 

Constipation 

Diabetes 

Heart disease 

Hyperlipidemia 

Hypertension 

Osteoporosis 

Thyroid disorders 

Vascular disease 


Delirium 

Dementia 

Depression 

Dizziness 

Falls 

Frailty 

Health illiteracy 

Iatrogenic injury 

Immune deficiency 

Impairments of instrumen- 
tal activities of daily living 
(IADLs) and activities of 
daily living (ADLs) 

Incontinence 

Infection 

Insomnia 

Instability (falls) 

Irritable bowels 

Polypharmacy 

Pressure ulcers 

Social isolation 

Syncope 

Temperature dysregulation 


Cardiovascular: 
Increased VOomax 
No change in maximal heart 
rate 
Increased stroke volume 
Increase in arterial-venous 
oxygen difference 
Reduced mortality from 
cardiovascular disease and 
stroke 
Decreased risk of type 2 
diabetes, high blood pres- 
sure, dyslipidemia, meta- 
bolic syndrome, colon and 
breast cancers 
Moderate evidence for 
decreased risk of lung and 
endometrial cancers 
Metabolic: 
Prevention of weight gain 
Weight loss 
Weight maintenance after 
weight loss 
Reduced abdominal obesity 
Neuromuscular: 
Increased strength 
Increased Type I and II fibers 
No change in number of 
fibers 
Increased muscle fiber size 
and area 
Increased muscle oxidative 
capacity 
Increased motor unit 
function 
Fewer falls 
Bone and connective tissue: 
Increased bone mass 
Increased bone strength 
Decreased bone 
reabsorption 
Decreased risk of hip 
fracture 
Mood: 
Effective in treatment of 
depression 
Enhanced self-efficacy 
Cognition: 
Suggestion of preserved 
cognition 
Function: 
Reduced falls 
Improvements in ADL/ 
IADLs 
Improved quality of life 
Improved sleep quality 
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muscular system, exercise improves an older adult’s likeli- 
hood of preserved long-term, independent functional status 
(11,19,25). 

E Exercise increases high-density lipoprotein cholesterol lev- 
els, lowers low-density lipoprotein cholesterol levels, lowers 
blood pressure, improves insulin sensitivity, and decreases 
blood coagulability (3). 

E Direct effects on the heart muscle include increased myocar- 
dial oxygen supply, increased myocardial contraction, and 
electrical stability (3). 





AGE-ASSOCIATED REDUCTIONS IN 
ENDURANCE EXERCISE PERFORMANCE 


Œ Masters athletes are older adults (generally defined as age 35 
or greater) who have strived to preserve or exceed their prior 
athletic performance and serve as a model to understand the 
limits to endurance performance with regard to aging. 

E Peak athletic performance is maintained to approximately 
age 35, followed by gradual decline to age 60, and accelerat- 
ed decline thereafter. Examples here are marathon running 
times and swimming performance (21). See Tables 114.2 
and 114.3 for examples of performance levels of older 
athletes. 


E The primary physiologic determinants to endurance exercise 
performance are exercise economy, lactate threshold, and 
maximal aerobic capacity. 

E Exercise economy is the steady-state oxygen consumption 
that occurs during submaximal exercise below the lactate 
threshold. Multiple cross-sectional and longitudinal stud- 
ies demonstrate that running economy does not change in 
masters athletes trained for endurance activities (20). 


E Lactate threshold does not appear to change with advanc- 
ing age in masters athletes (20). 

E Maximal aerobic capacity is the primary determinant of 
decreased endurance exercise performance (10). 





PREPARTICIPATION SCREENING OF THE 
OLDER ATHLETE 





E Responsibility for the preparticipation screening first begins 
with the athlete contacting a health care provider for assess- 
ment. Screening recommendations vary based on the indi- 
vidual’s: 


Table 114.2 | Examples of Performance Records 


by Older Athletes (26) 








Women: 


Outdoor 100 m 

Age 35: 10.74 
(Merlene Ottney) 

Age 50: 11.67 
(Merlene Ottney) 

Age 65: 14.10 
(Nadine O’Connor) 

Age 80: 18.42 
(Hanna Gilbrich) 


Outdoor 1 Mile 
Age 35: 4:17.33 
(Maricica Puica) 
Age 50: 5:00.59 
(Gitte Karlshoj) 
Age 65: 6:16.28 
(Marie-Louise Michelson) 


Outdoor Marathon 
Age 35: 2:21.29 
(Lyudmila Petrova) 
Age 50: 2:48.47 
(Edeltraud Pohl) 
Age 65: 3:28.10 
(Lieselotte Schultz) 
Age 80: 4:49.50 (Helen Klein) 


Outdoor High Jump 
Age 35: 2.01 
(Inga Babakova) 
Age 50: 1.60 (Debbie Brill) 
Age 65: 1.37 (Ursula Stelling) 
Age 80: 1.06 (Christel Happ) 


Outdoor Shot Put 
Age 35: 21.46 
(Larisa Peleshenko) 
Age 50: 15.15 
(Alexandra Marghieva) 
Age 65: 12.21 (Sirgrin Kofink) 
Age 80: 8.87 (Rachel Hanssens) 


Outdoor Javelin Throw 
Age 35: 68.34 (Steffi Nerius) 
Age 50: 44.20 (Ingrid Thyssen) 
Age 65: 38.07 
(Evaun B. Williams) 
Age 80: 21.83 
(Rachel Hanssens) 


Outdoor 100 m 


AGS SRO 
Linford Chritie) 
Age 50: 10.88 
Willie Gault) 
Age 65: 12.37 
Stephen Robbins) 
Age 80: 14.35 
Payton Jordan) 


Outdoor 1 Mile 


Age 35: 3:51.38 

Bernand Lagat) 

Age 50: 4:27.90 

Nolan Shaheed) 

Age 65: 4:56.40 

Derek Turnbull) 

Age 80: 7.09.60 (Joseph King) 





Outdoor Marathon 


Age 35: 2:03.59 
(Haile Gebrselassie) 
Age 50: 2:19.29 
(Titus Mamabolo) 
Age 65: 2:41.57 
(Derek Turnbull) 
Age 80: 3:25.43 (Ed Whitlock) 


Outdoor High Jump 


Age 35: 2.31 (Dragutin Topic) 
Age 50: 1.98 

(Thomas Zacharas) 
Age 65: 1.66 (Phil Fehlen) 
Age 80: 1.37 (Richard Lowery) 


Outdoor Shot Put 


Age 35: 22.19 
(Brian Oldfield) 
Age 50: 18.45 (Klaus Liedtke) 
Age 65: 15.90 
(Kurt Goldschmidt) 
Age 80: 13.98 (Leo Saarinen) 


Outdoor Javelin Throw 


Age 35: 92.80 (Jan Zelezny) 
Age 50: 71.01 

(Luis Nogueiera) 
Age 65: 57.67 (Gary Stenlund) 
Age 80: 39.06 

(William Platts) 





E Summary recommendations for preexercise cardiac evalua- 


E General health 
E Medical comorbidities 
E Desired level of activity 


The clinician should have a clear understanding of the 
patient’s exercise plan for development of endurance, 
strength, speed, flexibility, and balance. 


tion of older adults are presented in Table 114.4. Prepartici- 

pation cardiovascular screening includes assessment of: 

E Family history (longevity, premature sudden death, heart 
disease in surviving relatives) 

E Personal history (heart murmur, hypertension, con- 
genital and valvular heart disease, myocarditis, Chagas 
disease, cardioactive medications and over-the-counter 


Table 114.3 | Older Athletes in Professional 


Sports by Gender 








Men: 


American Football: George 
Blanda (48) (Last year 1975); 
http://www.profootballhof.com/ 
history/stats/40_and_over_club. 
aspx 


Baseball: Satchel Paige (59) 
(Last year 1965); http://www. 
baseball-reference.com/ 
players/p/paigesa01.shtml 


Basketball: Robert Parish (43) 
(Last year 1997); http:// 
en.wikipedia.org/wiki/List_ 
of_oldest_and_youngest 
National_Basketball_ 
Association_players#cite_ 
ref-8 





Ice Hockey: Gordie Howe (69) 
(Last year 1997); http://www. 
legendsofhockey.net/Legends 
OfHockey/jsp/LegendsMember. 
jsp?mem=p197204&type=Play 
er&page=bio&list=ByName 


Women: 


Basketball: Nancy Lieberman 
(50) (Last year 2008); http:// 
www.basketball-reference. 
com/wnba/players/I/li- 
ebena01w.html 


Golf: Sherri Steinhauer (43) 
(2006 Women’s British Open); 
http://www.lpga.com/content/ 
Chronology2000-2008.pdf 


Soccer: Kristine Lilly (39) 
(Twenty-four year ca- 
reer, 352 international 
appearances); http://www. 
womensprosoccer.com/news/ 
press_releases/110105-lilly- 
retirement 


Tennis: Billie Jean King 
(At age of 39, won the 
singles title at the 1983 
Birmingham tournament); 
http://www. itahallof 
fame.com/ 





T 


able 114.4 | Preexercise Evaluation of Older Adults (12) 


CHAPTER 114 The Geriatric Athlete 769 


agents, fatigability, syncope, falls, exertional dyspnea, or 
chest pain) 
E Physical examination (postural vital signs, heart murmur, 
femoral pulses, findings of Marfan syndrome) (12) 
The preparticipation assessment then focuses on problems 
identified in the health history. Identified difficulties are 
managed on a case-by-case basis. Physical and occupational 
therapy can confer significant benefits to individuals with 
functional limitations (limited use of extremities), balance 
problems, and fall risks. 


E Assessment should consider case-by-case screening for 
common geriatric syndromes such as dementia, depres- 
sion, and disablement. 

E Vision and hearing are important to assess due to their 
roles in injury prevention and personal safety. Older 
runners who wear glasses or contacts should consider 
wearing single-vision lenses to reduce their risk of out- 
door falls (7). 

E Orthopedic examination should focus on upper and 
lower extremity joints for pain and limitation in range of 
motion. 

E The neurologic exam should include assessment of static 
balance (Romberg testing) and dynamic balance (obser- 
vation of gait with walking and, ideally, with running). 





American Heart Association, World Heart Federation, and International Federation of Sports Medicine (Preparticipation Screening and 
Assessment of Cardiovascular Disease in Masters Athletes): 


m Masters athletes having moderate-to-high cardiovascular risk profile for coronary artery disease and who desire to enter vigorous competitive situa- 
tions, should undergo exercise testing. 


m Exercise testing is recommended for masters athletes of any age with symptoms suggestive of coronary artery disease. 


m Exercise testing is advised in masters athletes age 65 and older, even in the absence of risk factors or symptoms. 


U.S. Department of Health and Human Services: 


m Asymptomatic adults without diagnosed chronic conditions (diabetes, heart disease, chronic obstructive pulmonary disease, etc.) do not need to 
consult a physician about engaging in physical activity. 


m Inactive people who gradually progress over time to relatively moderate-intensity activity have no known risk of sudden cardiac events and low risk 
of bone, muscle, or joint injury. 


m A habitually active, asymptomatic individual engaging in moderate-intensity activity can gradually increase to vigorous intensity without needing to 
consult with a health care provider. 


Em People who develop new symptoms when increasing their levels of activity should consult with the health care provider. 


American College of Sports Medicine (2010) and American Heart Association (2000): 


Absolute contraindications to aerobic and resistance exercise and training programs include recent myocardial infarction or electrocardiogram 
changes, unstable angina, uncontrolled hypertension, acute heart failure, severe aortic stenosis and complete heart block. (Other noncardiac contra- 
indications to exercise include acute febrile illness, uncontrolled diabetes, new falls, or musculoskeletal pain) 


American College of Cardiology/American Heart Association (2002): 


m Physicians should consider exercise stress testing before initiation of vigorous exercise in healthy men older than 45 years and in healthy women 
older than 55 years. 


m All sedentary older adults with known coronary artery disease or cardiac symptoms and those individuals with two or more coronary artery disease 
risk factors should undergo exercise stress testing before initiation of a vigorous exercise program. 
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E The National Institute of Aging offers a free exercise guide 
for older adults. This guide includes general education, 
advice on goal setting, sample exercises, nutritional advice, 
and tracking tools. It is available online (14). 


GENERAL EXERCISE PRESCRIPTION FOR 
THE OLDER ATHLETE 





E General recommendations for physical activity are presented m ACSM’s Guidelines for Exercise Testing and Prescription has 


in Table 114.5. Modifications of these general recommenda- 
tions are taken on a case-by-case basis for the needs of the 
individual athlete. 


It is important to emphasize the need for muscle strengthen- 

ing exercises in the older athlete to preserve bone density and 

muscle mass. Muscle-strengthening exercises should focus on 
core muscle groups (shoulders, back, chest, arms, abdomen, 
hips, and legs) and consist of one set of 8-12 repetitions per 

activity. More sets may offer additional benefit (22). 

Specific recommendations for balance exercises are presented 

in the Federal Exercise Guideline. 

E Older adults at risk of falls should do balance training 3 
or more days a week. Examples of these exercises include 
backward walking, sideways walking, heel walking, toe 
walking, and standing from a sitting position. 

E The exercises can increase in difficulty by progressing 
from holding onto a stable support (like furniture) while 
doing the exercises to doing them without support and 
then with eyes closed (22). 

Promotion of flexibility via stretching exercises is advised 
for all major muscle groups, as are warm-up and cool- 
down activities before all exercise events. Stretching should 
include three to five nonpainful repetitions of a static 
stretch for each major muscle group, with each stretch last- 
ing 10-30 seconds. 

E A warm-up before moderate- or vigorous-intensity aer- 
obic activity allows a gradual increase in heart rate and 
breathing at the beginning of the exercise session. 

E A cool-down after activity allows a gradual decrease at 
the end of the episode. 

E Time spent doing warm-up and cool-down may count 
toward meeting the aerobic activity guidelines if the 
activity is at least moderate intensity (22). 


specific recommendations for advising the older adult in safe 
exercise (see Table 114.4) (1). 





COMMON INJURIES ENCOUNTERED IN 
OLDER RUNNERS 





Table 114.5 | General Exercise Prescription for the Older Runner (22) 


E Acute traumatic injuries 


E Older adults have a lower incidence of acute traumatic 
injuries than younger adults due to greater experience 
and lower intensity of exercise performance (5). 

E The muscle-tendon junction is particularly vulnerable to 
injury, with the most common injuries involving the Achil- 
les and quadriceps tendons, attributable in part to: 


oO 


Decreased flexibility and increased muscle fatigue 
from endurance sports such as running 





(E 


Extrinsic factors such as training errors, training sur- 
face, and incorrect shoe choice 


E Chronic and overuse injuries 


E Overuse injuries are common in older adult athletes, ac- 
counting for 70% of injuries in older athletes in one study. 
Common injuries include stress fractures, focal cartilage in- 
juries, plantar fasciitis, and degenerative meniscal tears (5). 

E Despite this increased incidence of injury, running has 
been clearly demonstrated to: 


Q Protect against disability and increased mortality 
1 Prolong a disability-free life (25) 





E Approaches to treatment in the older adult are similar to 
those for a younger adult, except that: 


4 Healing and recovery are prolonged. 


Q Training and competition practices are possibly altered 
to a greater degree. 












Minimum activity to achieve health benefits: 


@ 150 minutes of moderate-intensity aerobic activity (e.g., brisk walking) a week, plus muscle-strengthening activities on at least 2 days a week or 


E 75 minutes of vigorous-intensity aerobic activity (e.g., jogging, running) a week, plus muscle-strengthening activities on at least 2 days a week or 


= A combination of moderate- and vigorous-intensity aerobic activity equivalent to the above recommendations, plus muscle-strengthening exercises 


at least 2 days a week 


Increased activity for achieving increased health benefits: 


m 300 minutes of moderate-intensity aerobic activity a week, plus muscle-strengthening activities on at least 2 days a week or 


m 150 minutes of vigorous-intensity aerobic activity a week, plus muscle-strengthening activities on at least 2 days a week or 


= A combination of moderate- to vigorous-intensity aerobic activity equivalent to the above recommendations, plus muscle-strengthening activities on 


at least 2 days a week 





E Osteoarthritis (OA) 


= A comprehensive review of the studies evaluating exer- 
cise risk factors for the development of OA have shown 
conflicting results. Potential mediating factors include 
age, gender, body mass index, body composition, and 
muscle strength. 


E Development of OA is more closely related to previous 
joint injury, training intensity, occupational stresses, al- 
tered biomechanics, and incomplete rehabilitation (23). 

E The evidence for using exercise as an effective treatment 
for OA is well established. 


“1 The systematic review conducted by the MOVE con- 
sensus showed that both strengthening and aerobic 
exercise can reduce pain and improve function in in- 
dividuals with hip and knee OA (16). 


4 In general, themes of improved pain and function 
were noted for aerobic walking programs, and patient 
preference between home or group exercise programs 
should be considered. 





NUTRITION 





E Aging is associated with reductions in all components of 
energy expenditure (resting metabolic rate, thermic effect 
of food, and energy expenditure), and masters level ath- 
letes have unique nutritional needs. Little data exist on the 
nutritional needs of older athletes, and nutritional needs are 
determined by training intensity. 

E The Dietary Reference Intakes (DRIs) serve as a guide in 
establishing energy and micronutrient intake. Estimated 
energy requirements for active adults by age and gender are 
presented in Table 114.6 (17). 

Œ Carbohydrate intake can be estimated: 

E Asa percentage of total calories (45%-65%) 
E By grams per kilogram of body weight and level of train- 
ing intensity. 
Q For general training, 5-7 g - kg! a day of carbohy- 
drate are needed. 
Endurance athletes require 7-10 g - kg! a day. 


L 


Ultra-endurance athletes need more than 10 g - kg! 
a day. 

4 30-60 g of carbohydrate should be consumed for 
every hour of training. 

4 If training occurs daily, recovery from vigorous exer- 
cise is enhanced by ingestion of 1.5 g + kg! of carbo- 
hydrate immediately after exercise and an additional 
carbohydrate feeding 2 hours later (17). 

E Protein ingestion for older adults matches that of younger 
adults (approximately 1.2-1.7 g - kg ' a day). 
E Recovery from endurance and resistance exercise may be 
enhanced by small amounts of protein (0.1-0.2 g - kg! 
an hour). 


Table 114.6 | Nutritional Requirements of 
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Older Adults (17) 









Estimated energy requirements of older active adults: 


Age group in years Men (kcal - d7’) Women (kcal - d`’) 
50-59 2,757 2,186 
60-69 2,657 2,116 
70-79 2,557 2,046 
80-89 2,457 1;967 


Micronutrient requirements for older active adults: 


Vitamin D 

50-70 years 10pg-d! 10pg-d! 

> 70 years 15pg-d! 15pg-d' 
Calcium 

> 50 years 1,200 mg: d! 1,200 mg: d' 
Vitamin Be 

> 50 years 1.7mg:d' 1.5mg-d! 
Folate 

> 50 years 400 pg-d! 400 pg: d`! 
Vitamin Bı2 

> 50 years 24pg-d! 2.4 pg: d`! 
Iron 

> 50 years 8 mg: d`! 8 mg: d`! 

Thiamine 1.2mg-d! l.lmg-d! 

Riboflavin 1.3mg:d! 1.1lmg:d! 

Choline 550mg-d! 425 mg-d! 

Zinc Img- dii 8mg-d! 

Magnesium 420mg-d! 320 mg-d 
Vitamin C 

> 50 years 90mg: d`! 75mg:d' 
Vitamin E 

> 50 years 15mg-d! 15mg:d! 





E Snacks that meet this need include milk, eggs, cheese, 
yogurt, lean meats, fish, and poultry (17). 


E Fat intake should involve 20%—35% of total calories (17). 


E There is no demonstrated benefit to low-fat diets for ath- 
letes, and therefore, the American Dietetic Association 
recommends that athletes do not restrict fat intake. 


E Monounsaturated and long-chain polyunsaturated fats 
(“heart healthy fats”) are recommended (17). 


E Micronutrient intake is included in Table 114.6. Little 


research on micronutrient intake has been performed on 

masters athletes to determine optimal amounts (17). 

E Nutritional requirements for thiamine, riboflavin, cho- 
line, zinc, and magnesium do not appear to be different 
in older versus younger adults. 

E No evidence suggests there are additional vitamin C 
requirements in athletes, and the Tolerable Upper Intake 
Level (UL) is 2,000 mg - d`! for this vitamin. 
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E Athletes taking supplements should adhere to the ULs of 
all vitamins and minerals to prevent toxicity. 

E Ideally, whole foods are the preferred source of micronu- 
trients, but research has shown that athletes often do not 
meet Recommended Daily Allowances (RDAs) through 
their diet. 





OSTEOPOROSIS 





E Exercise is important in both the treatment and prevention 
of osteoporosis, which is defined as bone mass loss of 2.5 
standard deviations below that of a young adult female. 

E Type I osteoporosis is a condition of postmenopausal women 
affecting trabecular bone. Fractures of the thoracic and upper 
lumbar vertebrae and wrist are common with this condition. 


E Type II osteoporosis affects both genders and is due to age- 
associated loss of cortical bone, such as the hip and femoral 
neck. 

E Osteoporosis is either: 

E Primary (due to aging). 

E Secondary to an identifiable cause. Identification of second- 
ary causes of osteoporosis is critical to prevent (and reverse) 
further bone loss. Causes include genetic syndromes, hypo- 
gonadal states, endocrinopathies, deficiency states, inflam- 
matory conditions, hematologic and neoplastic conditions, 
common medical conditions (e.g., renal disease, congestive 
heart failure, liver disease, alcoholism, diabetes, chronic ob- 
structive lung disease), disuse, and medications (15). 

E Prevention and treatment of osteoporosis are multifaceted and 
include weight-bearing exercises such as walking or running. 

E Athletes who have an established diagnosis of osteoporosis 
or are developing stress fractures should minimize their run- 
ning activity in favor of cross-training and modified weight- 
bearing exercises (15). 


FLUID REPLACEMENT 





E Healthy older adults are generally adequately hydrated but 
have a blunted thirst response when deprived of water, 
increasing the risk of becoming dehydrated. 

E Older adults: 

E Have age-associated increase in plasma osmolality. 

E Achieve homeostasis more slowly after dehydration. 

E Have slower water and sodium excretion following fluid 
loads. This results in possible increases in blood pressure 
or development of hyponatremia. 

E Given sufficient time and access to fluids, older adults are 
able to appropriately rehydrate and should be encouraged to 
do so during and after exercise. 


E Excessive fluid or sodium ingestion is inadvisable. 


E Body weight changes can be used to calculate individual flu- 


id replacement needs, with euhydration reflecting a weight 
within 1% of baseline readings. 


E Urine specific gravity measurements of less than 1.020 likely 


reflect euhydration (4). 





TEMPERATURE REGULATION 





E Heat stress in older adults results in higher core tempera- 


tures, heart rate and fluid losses, and lower sweating rates. 


E Cold exposure is associated with blunted vasoconstrictor 


response and greater loss of heat in older adults. 


E These observed physiologic phenomenon are related to age, 


medical comorbidities, lifestyle choices, medications, accli- 
matization, and physical conditioning. 


ŒE Physicians should identify older athletes with these risk fac- 


tors in common sense actions to reduce their risk of heat- or 
cold-related injury (Table 114.7) (2). 





JOINT REPLACEMENT 





E Joint arthroplasty is expected to dramatically increase in the 


United States over the next 20 years due to the success of 
these procedures and the demands of the “Baby Boomer” 
population. 


E Baby Boomers are having these procedures performed at a 


younger age and at less severe stages of arthritis to preserve 
lifestyle and to reduce pain. 


E In general, individuals decrease the number or intensity of 


athletic activities after joint replacement. 


There are no controlled studies evaluating appropriate athletic 
activities after joint replacement. The concern is that high levels 


Table 114.7 | General Strategies for Prevention of 


Heat- and Cold-Related Injuries (2) 








Appropriate clothing for temperature 

Adequate fluid intake and nutrition 

Adequate sleep 

Not running when acutely ill with viral illness or diarrhea 
Avoidance of sunburn 

Acclimatization for 10—14 days in the heat 

A running partner to monitor each other’s well-being 
Avoidance of temperature extremes 


Recognition of early symptoms of heat/cold injury (clumsiness, 
stumbling, headache, nausea, dizziness, apathy, confusion, and altered 
consciousness) 


Regular clinician monitoring of overall health and medication regimen 





of activity may compromise the durability of the joint replace- 

ment and result in premature revision of the implant (8). 

E Expert opinion from the American Association of Hip and 
Knee Surgeons, the Knee Society, and the Hip Society has 
been developed. 

E Low-impact aerobic activities (including stationary cycling, 
dancing, golf, normal walking, speed walking, and hiking) 
are “allowed” in the 2005 surveys of Hip Society and Knee 
Society members. 

E Skating, skiing, horseback riding, and weight-lifting exer- 
cises are “allowed” if the patient has prior experience with 
these activities. 

E Jogging, football, basketball, soccer, and volleyball are 
specifically not recommended (8). 


E The review conducted by Healy et al. (8) comments that 
many surgeons allow their patients to participate in athletic 
activities as they wish, as long as: 

E Education on risks is performed. 
E The patient trains for the specific sports activity. 

E Stretching and strengthening of core muscles and back, hip, 
and knee rehabilitation are felt to improve athletic perfor- 
mance after joint replacement (8). 





CONCLUSION 





E Despite age-related physiologic changes that may adversely 
affect goals and personal performance, older athletes can 
enjoy the activity for a lifetime with adaptations. 

Œ Providers should seek to look for ways to keep older athletes 
moving, rather than preclude their participation. 


E The evidence strongly supports the recommendation that 
choosing to not exercise is more dangerous that staying active. 
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The Female Athlete 


Courtney A. Dawley and Rochelle M. Nolte 








INTRODUCTION THE FEMALE ATHLETE TRIAD AND 
DISORDERED EATING 





E In 1971, there were fewer than 300,000 girls participating 
in high school athletics, compared to 3.7 million boys. Title 
IX was passed in 1972, mandating nondiscrimination in all 
extracurricular activities and varsity athletics that received 
federal funding. In 2000, there were 2.7 million girls involved 
in high school sports compared to 3.8 million boys (30). 

E Benefits of exercise for girls and women include improved 
cardiovascular health, less obesity, improved physical and 
psychological development, improved self-image, decreased 
school dropout rates, and decreased rates of unwanted or 
unplanned pregnancy (13,17,29). 





ANATOMY AND PHYSIOLOGY 





Œ Menarche occurs approximately 1 year after peak height ve- 
locity, which ranges from 10.5-13.0 years for girls, compared 
to 12.5-15.0 years for boys (28). 

E Adult height is reached by age 17-19 years for girls and by 
age 20-22 for boys. 

E Skeletal maturity is completed by age 18-19 for girls and age 
21-22 for boys. 

E VOsmax averages around 50 mL - kg - min”! in prepubes- 
cent children and changes little in boys throughout pu- 
berty, but decreases in girls with puberty secondary to a 
change in body composition and a decreased percentage of 
lean body mass. 

E After puberty, metabolically active muscle averages 40%—45% 
of total body weight in boys, but only 35%—38% in girls (16). 

E Girls develop smaller heart size, cardiac stroke volume, left 
ventricular mass, lung volume, aerobic capacity, and hemo- 
globin levels (13,21). 

E Women on average are shorter, weigh less, and have shorter 
limbs and smaller articular surfaces, narrower shoulders 
and smaller thoraces, and a wider pelvis in relation to their 
waist and shoulders than men. Women have less muscle mass 
per total body weight than equally trained and conditioned 
men. The average young adult female has approximately 
20%-27% body fat, while the average young adult male has 
12%-18% body fat (12,28). 
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The female athlete triad has three components: (a) low 

energy availability (with or without an eating disorder), 

(b) menstrual dysfunction, and (c) decreased bone mineral 

density (BMD) (23). 

Eating disorders are characterized by disturbances in eating be- 

havior, body image, emotions, and relationships. Tables 115.1 

to 115.3 exhibit diagnostic criteria of eating disorders. 

E Anorexia nervosa is an extreme version of restrictive eat- 
ing behavior in which an individual continues to starve 
and feel fat, even though she (female athlete) is 15% or 
more below her ideal body weight. 

E Bulimia nervosa has cycles of recurrent binge eating with 
a feeling of loss of control followed by inappropriate 
compensatory behavior. 

E Eating disorder not otherwise specified (ED-NOS) is also 
included in the Diagnostic and Statistical Manual of Men- 
tal Disorders, 4th Edition (DSM-IV) and includes patients 
who have eating disorders but do not meet the exact di- 
agnostic criteria of anorexia nervosa or bulimia nervosa. 

E Disordered eating includes the entire spectrum of abnor- 
mal eating behaviors that may not fit any of the DSM-IV 
criteria for eating disorders. 

Disordered eating can have devastating effects on psychologi- 
cal well-being, skeletal health, and other physiologic problems 
such as dehydration, electrolyte disturbances, thermoregula- 
tory and cardiac disturbances, loss of muscle mass, and de- 
creased performance in addition to other medical complica- 
tions. 

Disordered eating can lead to an energy deficit that contrib- 

utes to menstrual irregularity and an increased risk of stress 

fractures and decreased BMD. 

Sports or activities that emphasize a lean physique or low 

body weight, such as gymnastics, swimming, or track and 

field, have a greater number of athletes who develop the fe- 
male athlete triad. 

Risk factors for disordered eating and the female athlete triad 

include the following: 

E Chronic dieting 

E Low self-esteem 
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Table 115.1 | Diagnostic Criteria for Anorexia Nervosa 


A. Refusal to maintain body weight at or above a minimally normal weight for age and height (e.g., weight loss leading to maintenance of body weight 
< 85% of that expected; or failure to make expected weight gain during period of growth, leading to body weight < 85% of that expected). 





B. Intense fear of gaining weight or becoming fat, even though underweight. 


C. Disturbance in the way in which one’s body weight or shape is experienced, undue influence of body weight or shape on self-evaluation, or denial of 
the seriousness of the current low body weight. 


D. In postmenarchal females, amenorrhea, i.e., the absence of at least three consecutive menstrual cycles. (A woman is considered to have amenorrhea if 
her periods occur only following hormone, e.g., estrogen, administration.) 


Restricting Type: During the current episode of anorexia nervosa, the person has not regularly engaged in binge-eating or purging behavior 
(i.e., self-induced vomiting or the misuse of laxatives, diuretics, or enemas). 


Binge-Eating/Purging Type: During the current episode of anorexia nervosa, the person has regularly engaged in binge-eating or purging behavior 
(i.e., self-induced vomiting or the misuse of laxatives, diuretics, or enemas) 





SOURCE: American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders. 4th ed. Arlington (VA): American Psychiatric Association; 2000. 







Table 115.2 | Diagnostic Criteria for Bulimia Nervosa 





A. Recurrent episodes of binge eating. An episode of binge eating is characterized by both of the following: 


a. Eating, in a discrete period of time (e.g., within any 2-hour period), an amount of food that is definitely larger than most people would eat during 
a similar period of time and under similar circumstances. 


b. A sense of lack of control over eating during the episode (e.g., a feeling that one cannot stop eating or control what or how much one is eating). 


B. Recurrent inappropriate compensatory behavior to prevent weight gain, such as self-induced vomiting; misuse of laxative, diuretics, enemas, or other 
medications; fasting; or excessive exercise. 


C. The binge eating and inappropriate compensatory behaviors both occur, on average, at least twice a week for 3 months. 
D. Self-evaluation is unduly influenced by body shape and weight. 
E. The disturbance does not occur exclusively during episodes of anorexia nervosa. 


Purging Type: During the current episode of bulimia nervosa, the person has regularly engaged in self-induced vomiting or the misuse of laxatives, 
diuretics, or enemas. 


Nonpurging Type: During the current episode of bulimia nervosa, the person has used other inappropriate compensatory behaviors, such as fasting or 
excessive exercise, but has not regularly engaged in self-induced vomiting or the misuse of laxatives, diuretics, or enemas. 





SOURCE: American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders. 4th ed. Arlington (VA): American Psychiatric Association; 2000. 


Eating Disorder Not Otherwise Specified 








The eating disorder not otherwise specified category is for disorders of eating that do not meet the criteria for any specific eating disorder. Examples 
include the following: 


1. For females, all the criteria for anorexia nervosa are met except that the individual has regular menses. 
2. All the criteria for anorexia nervosa are met except that, despite significant weight loss, the individual’s current weight is in the normal range. 


3. All the criteria for bulimia nervosa are met except that the binge eating and inappropriate compensatory mechanisms occur at a frequency of less 
than twice a week or for a duration of less than 3 months. 


4. The regular use of inappropriate compensatory behavior by an individual of normal body weight after eating small amounts of food 
(e.g., self-induced vomiting after the consumption of two cookies). 


5. Repeatedly chewing and spitting out, but not swallowing, large amounts of food. 


6. Binge-eating disorder: Recurrent episodes of binge eating in the absence of the regular use of inappropriate compensatory behaviors characteristic 
of bulimia nervosa. 





SOURCE: American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders. 4th ed. Arlington (VA): American Psychiatric Association; 2000. 
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Family dysfunction 
Physical abuse 
Biologic factors 
Perfectionism 


Lack of nutrition knowledge 


An emphasis on body weight for performance or 
appearance 


Pressure to lose weight from parents, coaches, judges, and 
peers 


A drive to win at any cost 

Self-identity as an athlete only (no identity outside of sports) 
A sudden increase in training 

Exercising through injury 

Overtraining (especially when undernourished) 


A traumatic event such as an injury or loss of a coach 


Vulnerable times such as an adolescent growth spurt, 
entering college, retiring from athletics, and postpartum 
depression 


E Any athlete with one of the diagnostic criteria of the female 


athlete triad should be evaluated for the other two by a thor- 
ough history and a physical examination. 


E Laboratory tests that may be helpful include the 
following: 


1 Complete blood count 


Electrolytes, calcium, magnesium, phosphorus, blood 
urea nitrogen, creatinine, cholesterol, albumin, and 
total protein 


Urinalysis 

Pregnancy test 
Follicle-stimulating hormone 
Estradiol 

Prolactin 


Thyroid function tests 





CEC eo eke GO 


Erythrocyte sedimentation rate 


E An electrocardiogram may also be indicated because 
some patients may develop cardiac rhythm disturbances, 
including prolongation of the QTc. 


Treatment for disordered eating requires a multidisciplinary 
team, including a physician or other health care provider, 
mental health counselor, and a nutritionist. 


E Treatment includes the following: 
Q Recognition of the problem 
Q Identification and resolution of psychosocial precipitants 


J Stabilization of medical and nutritional condition 





 Reestablishment of healthy patterns of eating 


Indications for inpatient treatment for a patient with an eat- 
ing disorder include the following: 


E Very low body weight (< 75% of expected body weight) 
E > 15% loss of initial body weight 

E Rapid (> 10% in 1-2 months) weight loss 

E Cardiac arrhythmias 


Electrolyte imbalances 

Suicidal ideation 

Temperature < 36°C 

Pulse < 45 bpm 

Orthostatic pulse differential > 30 bpm 


Patient not responding to outpatient treatment (2) 





AMENORRHEA 


Pregnancy is the most common cause of amenorrhea in 
sexually active women and must be excluded. 


Primary amenorrhea is diagnosed in females with secondary 
sexual characteristics without menarche at the age of 16 or 
in females without secondary sexual characteristics and no 
menarche at the age of 14 (5,19). 


Athletes who begin intensive training before puberty, especially 
gymnasts and ballet dancers, are at risk of developing primary 
amenorrhea. Athletes who associate more stress with their 
sport and competition are more likely to be amenorrheic (18). 
Evaluation of a patient with amenorrhea should include a 
thorough medical history, including pubertal milestones in 
the patient and other female relatives, a thorough menstrual 
history in patients presenting with secondary amenorrhea, 
a training and dietary history, medications (including over- 
the-counter medications such as diuretics, laxatives, ipecac, 
herbals, or supplements), a thorough family history, and psy- 
chological screening for evidence of increased stress, depres- 
sion, anxiety, obsessive or compulsive personality traits, or 
symptoms of an eating disorder. 

E A lack of any pubertal development can indicate hypo- 

thalamic, pituitary, or gonadal failure. 


E An interruption of normal pubertal development can in- 
dicate ovarian failure or pituitary failure, as happens with 
a pituitary neoplasm. 

E Normal breast and pubic development in the absence of 
menstrual periods can indicate an abnormality of the re- 
productive organs. 

A thorough physical should include vital signs, height, 

weight, body fat, arm span, Tanner stage, any characteristics 

of chromosomal anomalies, any traits of androgen excess, 
funduscopic examination and visual field confrontation, 

evaluation for galactorrhea, palpation of the thyroid, and a 

pelvic examination. Imaging studies may include a comput- 

ed tomography or magnetic resonance imaging to rule out a 

pituitary adenoma if indicated. 


Laboratory testing for amenorrhea is shown in Figure 115.1. 
During a progestin challenge, the patient is given medroxy- 
progesterone 10 mg daily for 5-10 days and then assessed 
for withdrawal bleeding. This testing is appropriate for both 
primary and secondary amenorrhea. 

If a woman over the age of 30 is presenting with secondary 
amenorrhea, etiologies to be considered are premature ovarian 
failure, endometrial hyperplasia, and carcinoma. In all patients, 






Hypothalamic 
amenorrhea 


hCG, TSH, prolactin, & 
Testosterone (if indicated) 
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Evaluation and 
management 


Normal estrogen 
Anovulation 


Polcystic ovarian 
syndrome 


Figure 115.1: Laboratory evaluation of amenorrhea. FSH, follicle-stimulating hormone; hCG, human chorionic gonadotropin; LH, luteinizing hormone; 
TSH, thyroid-stimulating hormone. Adapted from Fieseler CM. Special considerations for the female runner. J Back Musculoskel Rehabil. 1996;6:37-47. 


diagnoses to rule out include polycystic ovarian syndrome, Ash- 
erman syndrome, and thyroid or pituitary abnormalities. 


In hypothalamic amenorrhea, the pulsatile gonadotropin- 
releasing hormone (GnRH) is abnormal. Rarely, this can be 
caused by a tumor, trauma, or a developmental defect. More 
commonly, it is thought that psychological and/or physical 
stress affects neurohormones that regulate GnRH, leading to 
hypothalamic amenorrhea (18). 


E Exercise-related amenorrhea can be considered a subset of hy- 
pothalamic amenorrhea, which also includes amenorrhea re- 
lated to anorexia nervosa, weight loss, and psychological stress. 
It is, however, a diagnosis of exclusion. Exercise-related amenor- 
thea is thought to be secondary to an energy deficit from an in- 
adequate caloric intake in relationship to energy expenditure. It 
is thought that girls or women who are having menstrual irreg- 
ularities secondary to an energy deficit are at risk of decreased 
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BMD as well. The primary treatment that is recommended at 
this time is correcting the energy deficit by increasing caloric 
intake to the point that there is a spontaneous return of menses. 
This has been associated with an increase in bone mass as well. 





LOW BONE MINERAL DENSITY 


E Osteoporosis is characterized by microarchitectural deterio- 


ration of bone tissue, leading to enhanced skeletal fragility, 
low bone mass, and an increased risk for fracture. 


E The World Health Organization has established diag- 
nostic criteria for osteoporosis based on bone density 
measurements. 


E Osteoporosis is defined as a BMD greater than 2.5 stan- 
dard deviations (SD) below the mean BMD of a young 
adult woman at her peak bone mass (T-score). 


E Osteopenia is defined as a BMD between 1.0 and 2.5 SD 
below the mean. 


E A BMD within 1 SD of the mean is considered normal. 


™ The U.S. Preventive Services Task Force (January 2011) 
currently recommends screening for osteoporosis in 
women age 65 years or older and in younger women whose 
fracture risk is equal to or greater than that of a 65-year-old 
white woman who has no additional risk factors. 


There is some controversy about whether the criteria for 
osteoporosis are appropriate to use when evaluating adoles- 
cents and young women with low bone mass, because they 
were developed to assess postmenopausal women. 

The female athlete triad leads to decreased BMD because 
bone growth and development are dependent on mechani- 
cal, nutritional, and hormonal influences. Women and girls 
with an energy deficit resulting from decreased caloric intake 
are at risk of having decreased BMD. Studies have also found 
a linear relationship between the degree of menstrual dys- 
function and vertebral bone density (32). 

The standard method of diagnosing osteoporosis is by dual 
x-ray absorptiometry (DEXA), which is used to measure 
bone density at various places, usually the hip, spine, and 
distal radius. These measurements are used to generate the 
previously mentioned T-score and an age-matched Z-score. 
The U.S. Preventive Services Task Force recommends BMD 
screening by DEXA for women over age 65 or women over 
age 60 who are identified as being at high risk for developing 
osteoporosis (31). 

Nonmodifiable risk factors for osteoporosis (15) include: 

E Age 

E Sex 

E Race 

E Family history of osteoporosis 

E Past history of low-trauma fracture 

Modifiable risk factors for osteoporosis (15) include: 
E Low body weight 


E Low calcium intake 


Tobacco use 
Excessive alcohol use 
Lack of weight-bearing exercise 


Low muscle mass 


Estrogen deficiency (including history of oligomenor- 
rhea, amenorrhea, and delayed menarche) 


Nonpharmacologic measures used in the prevention and 
treatment of osteoporosis include the following (2,10,15,20): 


E Ensuring adequate caloric intake to meet energy needs 
and maintaining regular menses if premenopausal 


E Weight-bearing exercise (although it has been shown that 
weight-bearing exercise cannot overcome the bone loss 
associated with amenorrhea secondary to inadequate ca- 
loric intake) (14,22) 


E Decreasing tobacco and alcohol use 


Nutritional measures used in the prevention and treatment 
of osteoporosis include the following: 


E Calcium intake of 1,500 mg daily — divided into three 
doses containing at least 500 mg of elemental calcium to 
ensure absorption 


E Vitamin D 800 IU daily 


Pharmacologic treatments for pre- and postmenopausal 
osteoporosis include estrogen, bisphosphonates, selective 
estrogen receptor modulators, and calcitonin. These antire- 
sorptive agents are indicated for the prevention and treat- 
ment of postmenopausal osteoporosis. 


It is thought that the primary problem in the young female 
athlete is decreased bone formation rather than premature 
bone loss, so the antiresorptive treatments may not address 
the problem of adolescent osteopenia/osteoporosis and are 
not indicated in this population. There is also the concern 
of possible teratogenic effects if bisphosphonates are used in 
women of childbearing age. 


Adequate nutrition and weight-bearing exercise during the 
adolescent years are important for achieving peak bone 
mass. On average, 92% of the total-body BMD is attained by 
age 18, and 99% is attained by age 26. 


Different sites appear to mature at different ages. Peak bone 
mass appears to be complete by age 16 in the femoral neck, 
whereas the bone mass in the lumbar spine appears to in- 
crease into the third decade (33). 


Although amenorrhea is associated with osteopenia, using 
oral contraceptive pills to induce menses has not been shown 
to increase bone mass in the absence of improved nutrition 
and calcium intake. In fact, some studies have shown that 
oral contraceptives may actually cause a further decrease in 
BMD in adolescent athletes (33). 


In a study of estrogen administration in young women with 
anorexia nervosa, overall there was no significant difference 
in bone mass after 1.5 years between the treatment and con- 
trol groups, although it appeared that the estrogen did help 
a subgroup of patients who had body weights less than 70% 
of ideal body weight; however, a more marked improvement 
in BMD was obtained with recovery from the eating disorder 


and gaining weight to 85% of ideal body weight and having 
spontaneous return of normal menstrual function without 
administration of estrogen (14). 


E When assessing overall bone health, vitamin D levels need 
to be checked, because insufficient and deficient levels have 
potential negative impact on athletes’ health and ability to 
maximally train (34). 





URINARY INCONTINENCE 





E Urinary incontinence is defined as “the complaint of any invol- 
untary leakage of urine” (3). Stress urinary incontinence (SUI) is 
the most common type of urinary incontinence (3,4,24,25,26). 

Æ SUI is the involuntary loss of urine related to increased intra- 
abdominal pressure with such activities as sneezing, cough- 
ing, running, jumping, or heavy lifting. 

E Risk factors for SUI include anything that increases intra- 
abdominal pressure and anything that could weaken the 
pelvic floor muscles, such as pregnancy and delivery or de- 
creased estrogen. 

E Athletes involved in high-impact activities such as gymnas- 
tics (dismount/tumbling), basketball, or volleyball are at risk 
for SUI during competition or practice (11,27,28). 

E Management of SUI is directed at correcting the underlying 
pelvic relaxation. Treatment for mild SUI usually includes 
pelvic floor-strengthening exercises. For women with evi- 
dence of vaginal and urethral atrophy secondary to estrogen 
deficiency, topical or systemic estrogen can be prescribed. 
For women with severe pelvic relaxation and prolapse, a 
temporizing measure such as a pessary may be used, but de- 
finitive therapy will often require an invasive treatment such 
as injection therapy or surgical repair. 





EXERCISE IN PREGNANCY 





E Physiologic changes of pregnancy can impact the maternal 
response to exercise as early as the first trimester (7). 

E Increases in pulse, cardiac output, blood pressure, and tem- 
perature that are normally seen during exercise are slightly 
blunted in pregnancy. 

E Blood pressure usually falls slightly, reaching a nadir in the 
second trimester, and then slowly rises to prepregnancy 
levels by term. 

E Resting heart rate increases 10-15 bpm during pregnancy, in 
conjunction with an increase in stroke volume and cardiac 
output (6). 

E Blood volume increases by almost 50% at term. 

B® A dilutional anemia develops in the second trimester that is 
partially corrected at term due to the increase in plasma vol- 
ume occurring before the increase in red cell mass. 

E Tidal volume, minute ventilation, and oxygen consumption 
all increase in pregnancy. 
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Progesterone and relaxin increase pelvic and joint laxity in 
pregnancy. 

The increased oxygen consumption of pregnancy will lead to 
most women experiencing a decline in their exercise tolerance. 


There is no evidence that exercise has a detrimental effect on 
pregnancy or labor or fetal well-being (7). 

Exercise during and after pregnancy has been shown to have 
a positive psychological effect (6). 

The babies of regularly exercising women appear to tolerate 
labor well and have been shown to have a similar head cir- 
cumference and length but lower body fat than babies born 
to nonexercising mothers (9). 


Positive effects of exercise reported during pregnancy in- 
clude: a tendency to deliver 1 week earlier than nonexercising 
women; a decreased rate of interventions during labor, in- 
cluding Pitocin use and cesarean section; and decreased pain 
perception. Mothers who exercise are also more than twice as 
likely to progress from 4 cm to completely dilated in under 4 
hours, and their average second stage of labor is 36 minutes 
versus 60 minutes in controls (6,7). 


Long-term benefits of exercising throughout pregnancy in- 
clude maintenance of long-term fitness and a low cardiovas- 
cular risk profile in the perimenopausal period (8). 


Exertion at altitudes up to 6,000 feet appears to be safe, but 
engaging in physical activities at higher altitudes carries vari- 
ous risks (1). 


Scuba diving should be avoided throughout pregnancy as the 
fetus is at increased risk of decompression sickness second- 
ary to the inability of the fetal pulmonary circulation to filter 
bubble formation (1). 


Absolute contraindications to aerobic exercise during 
pregnancy: 

Hemodynamically significant heart disease 

Restrictive lung disease 

Incompetent cervix/cerclage 


Multiple gestation at risk for premature labor 


| 
E 
E 
E 
E Persistent second- or third-trimester bleeding 
E Placenta previa after 26 weeks of gestation 

E Premature labor during the current pregnancy 

E Ruptured membranes 

E Preeclampsia/pregnancy-induced hypertension 

Relative contraindications to aerobic exercise during pregnancy: 
Severe anemia 

Unevaluated maternal cardiac arrhythmia 

Chronic bronchitis 

Poorly controlled type 1 diabetes 

Extreme morbid obesity 

Extreme underweight (body mass index < 12) 

History of extremely sedentary lifestyle 

Intrauterine growth restriction in current pregnancy 


Poorly controlled hypertension 


Orthopedic limitations 
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E Poorly controlled seizure disorder 

E Poorly controlled hyperthyroidism 

E Heavy smoker 

Warning signs to terminate exercise while pregnant: 
Vaginal bleeding 

Dyspnea prior to exertion 

Dizziness 

Headache 

Chest pain 

Muscle weakness 

Calf pain or swelling (need to rule out thrombophlebitis) 
Preterm labor 

Decreased fetal movement 

Amniotic fluid leakage 


After the first trimester, the uterus can cause obstruction of 
venous return in the supine position, so athletes will have to 
adjust weight-training and floor exercises appropriately. 


Motionless standing also causes a significant decrease in car- 
diac output and should be avoided as much as possible. 


There are currently no definitive guidelines for elite or en- 
durance athletes during pregnancy. All athletes have to deal 
with the changing physiology of pregnancy, which may ne- 
cessitate changing their exercise regimen. 
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The Athlete with Intellectual 


Disabilities 


James H. Lynch 





TERMINOLOGY 





Intellectual disability is a disability characterized by signifi- 
cant limitations both in intellectual functioning (reasoning, 
learning, problem solving) and in adaptive behavior, which 
covers a range of everyday social and practical skills (20). 
Intellectual disability is a common developmental disorder 
that affects approximately 7.5 million Americans. 
An individual is considered to have an intellectual disability 
if he or she experiences the following three criteria: 
E The individual has a below average intellectual function- 
ing level (2 years or more behind peers). 
E Significant limitations exist in two or more adaptive 
skill areas. 
E The condition manifests itself before the age of 18. 
Adaptive skill areas are those daily living skills needed to live, 
work, and play in the community. They include communica- 
tion, self-care, home living, social skills, leisure, health and 
safety, self-direction, functional academics, community use, 
and work. 
Adaptive skills are assessed in the person’s typical environ- 
ment across all aspects of an individual’s life. A person with 
limits in intellectual functioning who does not have limits 
in adaptive skill areas may not be diagnosed as having intel- 
lectual disability (20). 
Definition of mental retardation: According to the Diag- 
nostic and Statistical Manual of Mental Disorders, mental 
retardation refers to an intelligence quotient (IQ) of ap- 
proximately 70 or less on an individually administered 
standardized test of intelligence concurrent with deficits in 
adaptive function in two skills areas such as communication, 
self-care, or home living. Onset of disability occurs before 
18 years (2). 
Mental retardation and intellectual disability are two names 
for the same condition, but intellectual disability is gaining 
currency as the preferred term. 
In 2007, the American Association on Mental Retardation 
changed its name to the American Association on Intellec- 
tual and Developmental Disabilities. 








E The term “mental retardation” is still used in some laws and 
public policy to determine eligibility for state and federal 
programs with regard to legal status, education, training, 
employment, income support, and health care (20). 





PHYSIOLOGIC CONSIDERATIONS 





Œ Athletes with intellectual disabilities may have a variety of 
health-related issues that impact their participation in com- 
petitive athletics. With such a diverse population of athletes, 
there is no unifying list of diagnoses or conditions; however, 
there are some important points for the sports medicine 
team to consider. 

E Epidemiologic studies of organized athletics for intellectu- 
ally disabled athletes reveal some patterns and conditions 
that are more prevalent in this population. Generally speak- 
ing, intellectually disabled athletes, as compared to general 
population athletes, have: 

E A higher prevalence of hearing and visual impairment 

E Decreased measures of strength and endurance 

E Poorer agility, balance, speed, flexibility, and reaction 
time 

E Higher rates of obesity (half of all with intellectual 
disability) 

E Lower peak heart rate 

E Lower peak oxygen uptake (7,13,16) 

E Using preparticipation screening exam data for Special 
Olympics athletes, the incidence of sports-significant abnor- 
malities detected is roughly 40%. 

E The most common categories of problems detected 
among intellectually disabled athletes are neurologic 
(16%), ophthalmologic (15%), musculoskeletal (6%), 
and medical (5%). 

E The most common diagnoses are seizure disorder and 
vision loss (11). 

E As a comparison, the incidence of sports-significant abnor- 
malities detected among nondisabled athletes is historically 
1%-3%. 
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PREPARTICIPATION EVALUATION 





E The goal in performing a preparticipation physical evalua- 
tion (PPE) is to promote the health and safety of the athlete 
in training and competition. 

E The PPE: Preparticipation Physical Evaluation, Fourth Edition 
monograph was updated in 2010 by all major American 
sports medicine societies. The authors stress that PPE for the 
athlete with special needs should be similar to any athlete 
without physical or cognitive disability (1). 

E The PPE should address the particular concerns of the 
athlete with special needs. 
E The health care provider should: 

Q Be aware of common problems associated with different 
disabilities 

Q Be able to diagnose abnormalities that may endanger 
the athlete 

Q Provide support and encourage physical activity 





E The preparticipation history has been shown to be helpful in 
detecting 88% of medical conditions and 67% of musculo- 
skeletal conditions detected during the PPE (1,5). 

E Careful attention to the neurologic, musculoskeletal, and 
cardiopulmonary examination is essential, in particular with 
the athlete with an intellectual disability. 





INJURY AND ILLNESS PATTERNS 





E Injury rates for individuals with intellectual disabilities are 
less than those reported for physically disabled and general 
population athletes. 


E Epidemiologic data have been reported for state, national, 
and international events (4,12,15,18). 
E Studies have shown that 3%—4% of all athletes are treated 
at Special Olympics events. 
E Track and field, followed by softball, account for more 
sports injuries than other events. 
The most commonly injured site is the knee. 
E Injury rates calculated per 1,000 participant-hours are: 
1 0.4 for Special Olympics athletes 


2.0 for special education high school students in orga- 
nized contact sports 





1 These rates can be compared to the following nondis- 
abled adult athletes’ injury rates (per 1,000 participant- 
hours): 


0.03 for swimming 
2.9 for badminton 
3.65 for soccer 

4.1 for football 

4.7 for ice hockey 






Table 116.1 | Intellectually Disabled Athletics: 


Sport Injuries and Illnesses (15) 








Summer Sports Winter Sports 
Injuries Illnesses Injuries Illnesses 
Abrasion Heat related Abrasion Respiratory 
Strain Gastrointestinal Strain Dehydration 
Sprain Seizure Sprain Behavioral 
Contusion Headache Contusion Gastrointestinal 
Epistaxis Asthma Laceration Dermatologic 
Laceration Diabetes control Blister Canker sores 
Blister Sunburn Fracture Gingivitis 
Nail avulsion Conjunctivitis 
Fracture Dermatitis 

Insect bite 





E Frequently encountered injuries and illnesses are listed in 
Table 116.1. 

E In a study of Special Olympics injuries in Texas, 
athletes with Down syndrome had a relative risk 
of injury or illness 3.2 times greater than the other 
athletes (11). 





DOWN SYNDROME 


E The athlete with Down syndrome (trisomy 21) requires spe- 


cial consideration due to well-described conditions associ- 
ated with increased risk in athletics. 


E Down syndrome is the most common human chromosomal 


abnormality. 

E Its incidence is estimated at 1 in 600-800 live births. 

E Up to 30% of Special Olympics athletes have Down 
syndrome. 

E Phenotypically, Down syndrome can vary greatly, but fre- 
quent findings include intellectual disability, orthopedic 
issues, cardiac anomalies, vision problems, epilepsy, and 
obesity (19). 


E National Health Interview Survey data of children with 


Down syndrome in the United States from 1997-2005 

revealed the following general health information: 

E Children with Down syndrome were more than twice as 
likely as children in the general population to have sei- 
zures, recent food allergy, frequent diarrhea, or three or 
more ear infections. 

E Children with other causes of intellectual disability had 
higher risks for frequent severe headaches and seizures 
than did children with Down syndrome (21). 
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ŒE Cardiac anomalies are prevalent in roughly 50% of persons 


with Down syndrome as compared to about 1% in the gen- 

eral population. 

E Endocardial cushion defects make up the majority of 
these, most of which are surgically repaired at a young age. 


E Isolated ventricular septal defects, atrial septal defects, 
and patent ductus arteriosus compose another 20% 
of the congenital heart disease associated with Down 
syndrome. 


E Pulmonary hypertension is also more common in indi- 
viduals with Down syndrome (14). 


E With or without cardiac malformations, athletes with 
Down syndrome have been found to have lower car- 
diovascular fitness levels than their peers due to average 
lower peak heart rates (19). 


Persons with Down syndrome have a high prevalence of 
vision and eye health problems. Many eye problems are 
undetected secondary to infrequent examinations. Down 
syndrome is associated with an increased frequency of kera- 
toconus, cataract, high refractive error, glaucoma, strabis- 
mus, and macular disease. 


E In studies screening Down syndrome athletes, about 20% 
were observed to have significant uncorrected refractive 
errors (> 1 diopter). 

E About one-third to one-half of Down syndrome athletes 
screened prior to participation are observed to have pa- 
thology sufficient to affect vision (8,24). 


Due in part to inherent ligamentous laxity, the musculosk- 

eletal system is a frequent cause of disability in Down syn- 

drome athletes. The major areas of concern include the neck, 

hips, knees, and feet. 

E Cervical spine instability is the most significant musculo- 

skeletal issue for the athlete with Down syndrome. 

4 Atlantoaxial instability (AAI), which affects 10%-30% 
of individuals with Down syndrome, denotes laxity of 
the articulation between C1 (atlas) and C2 (axis). 





4 Although atlantoaxial dislocation can be a significant 
cause of cord compromise, approximately 98% of AAI 
cases are asymptomatic (9). 


Symptoms of AAI include neck pain, cervical 
deformity, fatigability, abnormal gait, clumsiness, 
or altered sensation. 

Neurologic signs include sensory deficits, spas- 
ticity, hyperreflexia, clonus, and extensor-plantar 
reflex. 

4 AAT is due to odontoid abnormalities or laxity of the 
transverse ligament that holds the odontoid process 
in place against the inner aspect of the arch of the 
atlas (6). 

d Radiographic evaluation is necessary to detect AAI. 
Lateral cervical spine radiographs in flexion, exten- 
sion, and neutral will allow for examination of the 
atlanto-dens interval (ADI), which is measured from 


the anterior aspect of odontoid to the posterior sur- 
face of anterior arch of atlas. 


1 In the early 1980s, the Special Olympics and the 
American Academy of Pediatrics (AAP) began 
recommending cervical spine radiographic screening 
of Special Olympians with Down syndrome before 
participation in “high-risk” sports (10). 

4 These recommendations remain in effect today. The 
high-risk sports include pentathlon, diving (either as 
a sport or in swimming starts), butterfly swimming 
stroke, high jump, gymnastics, soccer, judo, snow- 
boarding, and alpine skiing. 

“41 Currently, the AAP recommends obtaining screening 
x-rays between the ages 3 and 5 years for all children 
with Down syndrome, not just Special Olympians (9). 

Using Special Olympics’ guidelines, AAI is diagnosed 
when the ADI is more than 4.5 mm. 

Athletes with asymptomatic AAI should be restricted 
from high-risk activities that place undue stress on the 
neck, but no further intervention is warranted. 





4 For athletes with symptomatic AAI or an ADI greater 
than 5 mm, magnetic resonance imaging evaluation is 
recommended. 


1 The guidelines do not recommend continued radio- 
graphic screening for children with an ADI less than 
4.5 mm. 


“1 Because some studies have shown AAI progresses over 
time, especially with young patients, it may be reason- 
able to obtain repeat evaluations until skeletal matu- 
rity is achieved, although there is no consensus on the 
proper interval (22). 


“1 Special Olympics does permit athletes with known 
AAI to play with a signed release only after they are 
evaluated and counseled in writing by two licensed 
physicians who determine that the athlete is not medi- 
cally precluded from participation (10). 

Acquired hip instability is seen in about 5% of persons 

with Down syndrome. 

4 The natural history of this condition is to progress 


from acute dislocation to recurrent dislocation, then 
eventually to fixed dislocation. 





4 If treated nonoperatively, caution should be used to 
modify sports participation to avoid complete hip 
dislocation (23). 

Patellofemoral dislocation occurs in 4%-8% of persons 

with Down syndrome. 

4 Progression to fixed dislocations may occur but may 
do well with nonoperative management. 


4 No restriction is necessary for asymptomatic instability. 





A neoprene knee brace with patellar window and 
activity restriction may be helpful for an athlete with 
symptoms (23). 
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E Foot deformities are very common in athletes with Down 
syndrome due to generalized ligamentous laxity. 


E For many athletes, Special Olympics is a path to empower- 
ment, competence, acceptance, joy, and friendship (10). 

Q Athletes with Down syndrome are prone to pes pla- 
novalgus, metatarsus primus varus, and bunions. 








EVENT COVERAGE 


Q Surgery is rarely necessary because these conditions 
are well tolerated in athletes with Down syndrome 
with appropriately fitting shoes (23). 





E Coverage of events for intellectually disabled athletes, such as 


E Life expectancy for individuals with Down syndrome has Special Olympics events, frequently relies on volunteers who 


increased from 12 years of age in 1949, to 35 years of age 
in 1982, to 55 years of age currently. Hence, there are many 
older persons with Down syndrome participating in athletics 
now (3). 

Several health-related changes are associated with aging in 
athletes with Down syndrome. The following conditions ap- 
ply to adults with Down syndrome: 


40% will develop hypothyroidism. 
46%-57% have mitral valve prolapse. 
50% have sleep apnea. 

70% have conductive hearing loss. 


70% over the age of 65 years have visual impairments. 


Alzheimer disease increases with age from rates of 10% 
for ages 30-39 years up to 55% for ages 50-59 years (3). 





SPECIAL OLYMPICS 





E It would be difficult to discuss athletics for those with in- 


tellectual disabilities without a general understanding of the 

Special Olympics. 

Special Olympics International is a nonprofit, international 

program developed in the 1960s to provide athletic opportu- 

nities for people with intellectual disabilities. 

= Mission: “to provide year-round sports training and ath- 
letic competition in a variety of Olympic-type sports for 
children and adults with intellectual disabilities, giving 
them continuing opportunities to develop physical fit- 
ness, demonstrate courage, experience joy and participate 
in sharing of gifts, skills and friendship with their families, 
other Special Olympics athletes and the community” (10). 

E Provides opportunities for over 2 million athletes to de- 
velop physical fitness and to experience camaraderie in 
30 different sports programs in almost 180 countries. 

E Athlete’s Oath: “Let me win. But if I cannot win, let me be 
brave in the attempt” (10). 

To be eligible to participate, an individual must be at least 

8 years old, and: 

E Be identified by a professional agency as having an intel- 
lectual disability 

E Have a cognitive delay determined by standardized 
measures 


E Have significant learning or vocational problems due to 
cognitive delays that require special instruction (17). 


may or may not have experience with past events. 


E As with any other athletic event, systematic planning can help 


ensure success. Some considerations are outlined below (15). 


E Know the minimal medical facility requirements. Special 
Olympics requires the following for large competitions (10): 


(E 


A qualified emergency medical technician (EMT) 
must be in attendance or readily available at all times. 


(E 


A licensed medical professional must be on site or on 
call at all times. 


(E 


First aid areas must be clearly identified, adequately 
equipped, and staffed by a qualified EMT for the entire 
event. 





4 An ambulance with advanced cardiac life support 
capabilities must be readily available at all times. 

E Estimated crowd attendance must be factored into 
planning. 

E Seizure precautions should be followed in all activities 
where there might be a risk of severe injury if a convul- 
sion were to occur, such as in swimming, diving, skiing, 
or equestrian, for example. 

E Environmental concerns such as adequate shelter, water, 
and restrooms must be addressed while accounting for 
the climate and time of day. Fluids must be provided, and 
drinking breaks encouraged. 

E Preparticipation screening results may assist in planning 
for unique issues and identifying specific athletes at in- 
creased risk. 

E Medical records should be readily available to medi- 

cal staff. Medical conditions, allergies, medications, and 

emergency contact information should be located in a 

central location or on identification badges or race bibs. 


E For monocular athletes, eye protection with polycarbon- 
ate lenses should be worn, especially for missile-type 
sports. 

E Supplies and equipment needed are comparable to other 
community sporting events. Automated external defibril- 
lators (AEDs) and antiepileptic injectable medications 
are recommended per Special Olympics guidelines. Some 
requirements vary by state and may require medical staff 
to know the location of the closest AED. As with other 
events, it is important to know local policies. 

E Most care will involve general first aid. Advanced emer- 
gency care by trained providers will usually involve initial 
stabilization and rapid transport of those who require 
more than basic first aid. 
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CONCLUSION 





E Athletes with intellectual disabilities have a variety of health- 
related issues that impact their participation in sports. 


ŒE Knowledge of illness and injury patterns in athletes with in- 
tellectual disabilities allows the sports medicine physician to 
effectively provide care for these athletes. 

E Preparticipation evaluation for the athlete with special needs 
should be similar to any athlete without intellectual or physi- 
cal disability but must consider specific conditions that are 
more prevalent in this population. 
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INTRODUCTION 





There are an estimated 54.4 million disabled people in the 
United States (27). 

There are approximately two million recreational and com- 
petitive disabled athletes in the United States (20). 

Among those with disabilities, as many as 60% never partici- 
pate in any physical activity or sports. 

Although many opportunities exist for individuals with dis- 
abilities, the two most limiting factors for participation in ath- 
letics are awareness and access (30). Health care practitioners 
should make every effort to inform these individuals of the 
multiple opportunities and encourage their safe participation. 
Athletes with disabilities demonstrate increased exercise endur- 
ance, muscle strength, cardiovascular efficiency, and flexibility; 
improved balance; and better motor skills compared with indi- 
viduals with disabilities who do not participate in athletics. 

In addition to physical benefits, psychological benefits of 
exercise include self-image, body awareness, motor develop- 
ment, and mood. 

Disabled athletes have fewer cardiac risk factors and higher 
high-density lipoprotein cholesterol and are less likely to smoke 
cigarettes than those who are disabled and nonactive (7). 
Individuals with amputations who participate in athletics 
have improved proprioception and increased proficiency in 
the use of prosthetic devices (29). 

Athletes with paraplegia are less likely to be hospitalized, 
have fewer pressure ulcers, and are less susceptible to infec- 
tions than nonactive individuals with paraplegia (26). 
Injury patterns for disabled athletes are similar to those for 
athletes without disabilities; however, location of injuries 
appears to be disability and sport dependent. Lower extrem- 
ity (LE) injuries are more common in ambulatory athletes 
(visually impaired, amputee, cerebral palsy), whereas upper 
extremity (UE) injuries are more frequent in athletes who 
use a wheelchair (12). 

A 3-year, cross-disability prospective study found the injury 
rate of disabled athletes to be 9.30/1,000 athlete exposures 
(10) —an injury rate less than what has been reported in col- 
lege football (12.0-15.0/1,000) and college soccer (9.8/1,000), 
but higher than that reported in men’s and women’s college 
basketball (7.0/1,000 and 7.3/1,000, respectively) (4,5). 
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E A 6-year longitudinal study on reported injuries from disabled 
sports organizations revealed that illnesses (29.8%) were the 
most common, followed by muscular strains (22.1%), tendon- 
itis (9.5%), sprains (5.8%), contusions (5.6%), and abrasions 
(5.1%). The body part most commonly injured was the thorax/ 
spine (13.3%), followed by the shoulder (12.8%), the lower leg/ 
ankle and toes (12.0%), and the hip/thigh (7.4%) (11). 

ŒE Wheelchair users are at a significant increased risk of UE 
entrapment neuropathies, like carpal tunnel syndrome 
(CTS), with a reported prevalence rate of between 50% and 
73%; however, it appears that wheelchair athletes have a 
lower prevalence than nonathletes (2,6). 

E With regard to winter sports, studies have shown that dis- 


abled athletes have a lower incidence of injuries than able- 
bodied skiers (19). 





PREPARTICIPATION ASSESSMENT 


E Preparticipation assessments (PPA) should be performed 
in a systematic comprehensive fashion similar to that per- 
formed for able-bodied athletes. 

E Sports medicine practitioners should not be overly focused 
on the athlete’s impairment/disability and miss common 
medical issues. 

E Careful evaluation of the athletes wheelchair, prosthetics, 
orthotics, and assistive/adaptive devices should also be per- 
formed prior to competition. This is usually facilitated by 
consultation with the individual’s orthotist, prosthetist, or 
other health care specialists with experience in this area. 

E Sports medicine practitioners who are not familiar with cer- 
tain impairments should solicit assistance from practitioners 
with more experience. This often requires a team approach. 
For example, a physician specializing in sports medicine may 
have little experience in spinal cord injuries (SCIs), whereas 
an SCI specialist may have even less experience in sports 
medicine. Together, however, they can jointly assess an indi- 
vidual and clear him or her safely for participation. 

E Practitioners should avoid mass screening stations for indi- 
viduals with disabilities in favor of private office setting visits. 

E It is recommended that the PPA be performed by a medical 
team that is involved in the longitudinal care of the disabled 
athlete, because knowledge of baseline functioning is essential. 


E The specific elements required in the PPA are determined 


by the sport, the level of participation, the athletic organiza- 

tion, the clinical indications, and the athlete. The PPA should 

provide information to guide the athlete, trainer, coach, and 
team physician toward safe participation, activity limita- 
tions, and disability-specific training. 

The objectives of the examination include the following: 

E Identify conditions that may require further medical 
evaluation before the athlete enters into training, require 
close supervision during training, and may predispose to 
injury. 

E Determine the athlete’s general health to assess fitness 
level and performance. 

E Counsel on health-related issues and methods for safe 
participation. 

E Provide referral for identified conditions that require fur- 
ther evaluation and/or monitoring to physicians familiar 
with the disability and the management of the identified 
conditions. 

In addition to the standard components of a history, the 
elements of the history for an athlete with a disability also 
should include athletic goals, predisability health, present 
level of training, sports participation, medications and 
supplements used, presence of impairments, past and 
family cardiopulmonary history, level of functional inde- 
pendence for mobility and self-care, and needs for adaptive 
equipment. 

The elements of the disability and sports-specific physical 

examination are tailored for the individual. Sensory defi- 

cits, neurologic deficits, joint stability and range of motion 

(ROM), muscle strength, flexibility, skin integrity, medi- 

cations, and adaptive equipment needs must be assessed. 

During the musculoskeletal examination of an athlete who 

uses a wheelchair, evaluate the stability, flexibility, and 

strength of the commonly injured sites (e.g., shoulder, hand 
and wrist, and LEs) as well as the trunk. 

Special attention should be paid during the PPA to skin 

breakdown on insensate pressure areas as well as sites that 

come in contact with orthotics/prosthetics. Also, a careful 
history of heat/cold injuries and changes in neurologic func- 
tion should be solicited. 

During the musculoskeletal examination of an individual 

who has had an LE amputation, assess the stability, flexibility, 

and strength of the trunk, as well as the hip girdle and the 
unaffected and affected LE with or without the prosthesis. 

For individuals with UE amputations, the stability, flexibility, 

and strength of the shoulder girdle must be assessed in the 

unaffected and affected extremity with and without prosthe- 
sis, in addition to a trunk and LE evaluation. 

For the athlete with brain injury, stroke, or multiple sclerosis, 

it is prudent to assess the limitations of the unaffected and 

affected areas based on mobility and sports-specific tasks. 


Cardiovascular and pulmonary examinations can identify 
conditions that can cause cardiopulmonary collapse or disease 
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progression. Suggested guidelines for cardiovascular screen- 
ing of the athlete are available from the American College of 
Sports Medicine, American Heart Association, and American 
College of Cardiology. 

E A PPA is performed upon entry into sports and should be re- 
peated at least every 2-3 years. An interim examination prior 
to each sport season may be necessary if the athlete’s health 
condition changes. 





INJURIES AND COMPLICATIONS BY 
CAUSE OF DISABILITY 





H Disabled athletes are subject to many of the same injuries 
and complications from physical exertion as the able-bodied 
population. 

E In addition, some specific diagnoses that result in disability 
also lead to increased risk of particular injuries and compli- 
cations. These will be discussed here. 

E There is certainly overlap between the categories of diagno- 
ses resulting in disability. For example, many patients with 
SCIs are wheelchair users. For the purposes of this discus- 
sion, the following conditions will be considered: SCI, major 
limb loss, and wheelchair use. 





WHEELCHAIR USE 





E Given the degree to which wheelchair users rely on their 
upper limbs for mobility and activities of daily living, the 
importance of recognizing, treating, and preventing upper 
limb injuries is magnified when compared with the able- 
bodied population. Because relative rest of the upper limb 
may be impossible or nearly impossible in this population, 
other measures should be considered. These may include 
splinting and orthotic prescriptions, admission to an inpa- 
tient setting if rest is required, or home modifications or 
additional assistance (21). 


Shoulder Injuries 


Œ Wheelchair users are at increased risk for shoulder pathology 
including pain, rotator cuff injuries, subacromial bursitis, 
acromioclavicular joint abnormalities, coracoacromial liga- 
ment thickening, subacromial spurs, distal clavicle osteolysis, 
and impingement syndrome (1,3). 

E Factors contributing to the increased risk in this popula- 
tion include repetitive motion, increased pressure in the 
shoulder joint during wheelchair propulsion, and mus- 
cle imbalances in the shoulder girdle due to weakness 
(1,9,25,28). 

E In wheelchair users, upper limb injuries, including shoul- 
der injuries, are particularly disabling due to the fact 
that these patients rely on their upper limbs for weight 
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bearing, transfers, and ambulation in addition to all of 
the demands placed on the upper limbs in the able-bodied 
population. 

Despite increases in repetitive use and high-intensity activity, 
wheelchair athletes do not have a higher incidence of shoul- 
der pain than nonathletic wheelchair users. In fact, partici- 
pation in athletic competition appears to be protective from 
shoulder pain (13). This is likely due to increased strength 
and endurance in the athletic population. 

Shoulder complaints among wheelchair users can be reduced 
by appropriate wheelchair design and the use of ideal pro- 
pulsion techniques. 


Elbow Injuries 


The elbow is a very common site of ulnar nerve entrapment, 
representing the second most common upper limb nerve 
entrapment syndrome. 

Wheelchair users are an increased risk for ulnar neuropathy 
at the elbow (14). There is no evidence to suggest that wheel- 
chair athletes are at a greater risk as compared with non- 
athlete wheelchair users. 

Symptoms of ulnar neuropathy at the elbow include numb- 
ness and tingling in the fifth digit and the ulnar half of the 
fourth digit, weakness and atrophy in the hand intrinsic 
muscles, and pain and tenderness in the ulnar groove. Diag- 
nosis of ulnar neuropathy is made based on history, physical 
examination, and electrodiagnostic testing. 

Other sources of elbow pain that are reported in wheelchair 
users are lateral epicondylitis, osteoarthritis, and olecranon 
bursitis (21). 

Treatment of elbow pain and injuries in wheelchair users 
must be tailored to the individual needs of the patient, 
keeping in mind that many wheelchair users will be non- 
mobile if they are required to restrict weight bearing or 
otherwise limit activity involving their upper limb. 


Wrist Injuries 


The carpal tunnel is the most common site of nerve entrap- 
ment in able-bodied and disabled persons. 


Long-term wheelchair users have a prevalence of CTS of 
49%-73% (31). 

Wheelchair users with symptoms and physical examination 
findings of CTS have lower functional status as compared 
with wheelchair users without CTS (31). 

Symptoms of CTS include numbness and tingling in the 
radial three digits and the radial half of the fourth digit, 
weakness in thumb abduction, clumsiness, wrist pain, and 
nocturnal paresthesias. Diagnosis is based on history, physi- 
cal examination, and electrodiagnostic testing. 


In addition to CTS, wheelchair users are at increased risk for 
other wrist overuse injuries and syndromes including ulnar 
nerve entrapment in Guyon’s canal (14), osteoarthritis, ten- 
dinitis, and de Quervain tenosynovitis (21). 


Upper Limb Fractures 


The incidence of upper limb fractures in wheelchair athletes 
or wheelchair users is not known. 

Wheelchair athletes may be at greater risk for upper limb 
fractures due to repetitive falls associated with many wheel- 
chair sports, propulsion requiring positioning the hand in a 
location that is susceptible to injury from nearby wheelchairs 
or collisions, and relatively high speeds achieved during cer- 
tain wheelchair sports. 


Fractures should be treated as in the able-bodied population. 


Restricted upper limb weight bearing in a wheelchair user 
may result in immobility. 





MAJOR LIMB LOSS 


Skin Complications 


Following amputation and prosthetic fitting, the skin of the 
distal portion of the residual limb becomes a weight-bearing 
surface where it had not previously been such. As a result, the 
distal residual limb is at increased risk for skin breakdown 
and other skin disorders. 


Verrucous hyperplasia is a wart-like lesion that may develop 
at the distal end of the residual limb. It may occur as a result 
of proximal residual limb constriction from a socket or wrap 
that causes decreased pressure in the distal residual limb. 
Prevention consists of equal distribution of pressure through 
the residual limb, as in a total contact socket (18). 

Skin breakdown may occur when pressure is applied 
disproportionately to a pressure-sensitive area of skin on 
the residual limb, such as the tibial tubercle in a transtibi- 
al amputee. The risk may be compounded by the fact that 
many amputees may have impaired sensation in the residual 
limb, and sweating with athletic activity can increase mois- 
ture at the skin-socket interface and make skin breakdown 
more likely. 

Skin breakdown can be particularly disabling in an ampu- 
tee, who relies on weight bearing through the residual limb 
for ambulation. If restricted weight bearing is required, am- 
bulation will not be possible. Prevention of skin breakdown 
involves prosthetic socket design that distributes pressure 
equally throughout the entire circumferential surface of the 
residual limb and reduces pressure over pressure-sensitive 
skin. In addition, silicone liners, padded sleeves, socks, and 
additional padding can be preventive. 

In amputee athletes, increased frequency and intensity of 
weight bearing associated with athletic training and compe- 
tition likely increase the risk of skin breakdown. 


Heterotopic Ossification 


Heterotopic ossification (HO) is the formation of bone in 
tissues that are not normally ossified. It has been traditionally 


reported to occur following traumatic brain injury (TBI), SCI, 
burns, and total arthroplasty. 

Recently, HO has been reported to occur at high rates in the 
residual limbs of traumatic amputees (23). 

E HO in residual limbs may increase the risk of skin break- 
down or cause pain with weight bearing. 


E Following TBI, SCI, burns, and arthroplasty, HO typically 
develops around major joints, thus restricting ROM and lim- 
iting mobility. In contrast, following amputation, HO occurs 
in injured tissues in the residual limb and may not be in the 
vicinity of a joint. 

E Recognition of HO in residual limbs allows for modifica- 
tions in the design of a prosthetic socket to accommodate for 
the ectopic bone. Furthermore, monitoring for skin break- 
down should be increased in amputees with HO. 

ŒE Surgical excision of HO may be required if conservative 
measures fail to restore adequate levels of function. 


Neuroma 


E A neuroma occurs at the distal end of a resected nerve in the 
residual limb of an amputee. When a neuroma is exposed to 
pressure, it creates paresthesias, dysesthesias, and radiating 
pain in the phantom distribution of the resected nerve. 


E When a neuroma occurs at or near a weight-bearing struc- 
ture, it can create severe pain with ambulation and weight 
bearing, limiting an athlete’s ability to train and compete. 

E Treatment may involve prosthetic modifications to relieve 
pressure on the neuroma, oral medications including anti- 
epileptic and tricyclic antidepressants, and injection of cor- 
ticosteroids and local anesthetic into the neuroma. Surgical 
excision may be necessary if conservative treatments fail. 





SPINAL CORD INJURY 





Thermoregulation 


H Following SCIs, there is disruption of neuroregulatory sys- 
tems that are involved in control of body temperature. Below 
the level of the lesion, athletes with SCI have impaired shiv- 
ering to produce heat and impaired sweating and vasodila- 
tion to dissipate heat. Athletes with tetraplegia are at greater 
risk compared with those with paraplegia (24). 

E Paraplegic and tetraplegic athletes are expected to see greater 
increases in body temperature with exertion and greater 
decreases in temperature with exposure to cold weather. 

E Prevention of temperature-related injuries requires height- 
ened awareness and monitoring, use of appropriate clothing 
and equipment, availability of rehydration, and avoidance of 
extremes of temperature when possible. 

E Frostbite is of particular concern during cold weather events. 
Athletes with SCIs have impaired sensation and require fre- 
quent visual monitoring to prevent cold injuries. 
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Autonomic Dysreflexia 


E Autonomic dysreflexia (AD) is a condition that occurs when 
sympathetic outflow in response to a noxious stimulus is un- 
regulated due to interruption of neural pathways after SCI. 


E Patients with SCIs at the level of T6 and above are at risk for AD. 


E Symptoms include paroxysmal hypertension, bradycardia, 
facial flushing, and headache. If hypertension continues to 
increase without treatment, stroke or death may occur (22). 


E Common noxious stimuli that lead to AD include tight 
clothing, urinary or fecal retention, renal or bladder stones, 
pressure ulcers, infections, or intra-abdominal pathology 
(e.g., appendicitis). 

E Treatment involves sitting the patient upright, loosening 
clothing, and identifying and eliminating the noxious stimu- 
lus. For acute blood pressure control, chewable nifedipine or 
nitropaste can be used. 

E “Boosting” describes the practice of intentionally induc- 
ing AD in order to improve athletic performance (15). This 
dangerous practice should be discouraged and may be life 
threatening. 


Skin Breakdown 


E Following SCI, insensate skin leads to a risk of skin break- 
down or pressure ulcer. 


E Regardless of the level of the injury, the skin over the sacrum, 
coccyx, and ischial tuberosities is frequently insensate. These 
areas represent the highest risk for skin breakdown in ath- 
letes with SCI. 

E Specific athletic events may result in increased risk of skin 
breakdown in additional areas. For example, wheelchair rac- 
ers may have increased risk of skin breakdown if the medial 
surface of the arm and forearm rubs against the wheelchair 
during propulsion. This may require customized equipment 
and padding to prevent skin breakdown in activity-specific 
high-risk skin areas. 

E Athletic wheelchairs commonly sacrifice pressure relief for 
higher performance. This should cause the athlete and care- 
givers to increase vigilance in monitoring for skin breakdown, 
changing position frequently, and limiting time in the wheel- 
chair. This is particularly important when an athlete is transi- 
tioning to a new piece of equipment (e.g., a new wheelchair). 
Prevention is of paramount importance in this population. 


E At the first sign of skin breakdown or pressure ulcer, weight 
bearing and athletic activities should be modified or restricted 
to prevent further injury. Pressure ulcers can be a significant 
cause of morbidity and mortality in the SCI population. 


Heterotopic Ossification 


E Following SCI, ectopic bone formation, called HO, may 
develop in soft tissues surrounding major joints. This can 
result in pain, edema, fever, restricted ROM, risk of skin 
breakdown, and activity limitations. 
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The most common site of HO after SCI is the hip, but the 
knee, elbow, and shoulder may also be affected, depending 
on the level of injury (HO forms below the level of injury). 
The initial presentation may mimic deep venous thrombo- 
sis or joint infection. Diagnostic testing is often required to 
exclude other diagnoses. 

Diagnosis of HO may be made by x-rays, bone scan, or 
trends in alkaline phosphatase levels. 


Prevention of HO involves frequent ROM exercises. Pharma- 
cologic prophylaxis may be considered in high-risk popula- 
tions and may consist of nonsteroidal anti-inflammatory 
drugs or bisphosphonates. 

Extensive HO in athletes may limit participation by limiting 
ROM, causing pain, or contributing to skin breakdown. 
Surgical excision may be required if conservative and adap- 
tive treatments are not successful. 


Spasticity 


Spasticity is a velocity-dependent increase in muscle tone 
that occurs after injury to the upper motor neuron. It is 
a common complication of SCI that may limit athletic 
participation by interfering with voluntary movements and 
restricting ROM. 

An increase in spasticity may be an indicator of a systemic or 
otherwise asymptomatic condition. For example, infections, 
intra-abdominal pathology (e.g., appendicitis), skin break- 
down, or bladder distension may have few symptoms that are 
sensed by a patient with SCI. Therefore, a sudden increase in 
spasticity should lead to a search for underlying pathology. 
Treatment for spasticity consists of oral medications, includ- 
ing baclofen, dantrolene, tizanidine, and benzodiazepines; 
injectable medications such as botulinum toxin; and intra- 
thecal medications such as baclofen. If spasticity is resistant 
to conservative treatment, surgery for tendon lengthening 
may improve hygiene, activities of daily living, and function- 
al activities including participation in athletics. 


Osteoporosis 


Osteoporosis is a nearly universal complication of SCI. 


Decreased weight bearing predisposes to osteoporosis; how- 
ever, many risk factors are independent of alterations in 
weight bearing. These risk factors include severity of the 
injury, spasticity, and time since injury (16). 

Osteoporosis results in increased fracture risk in athletes 
with SCI. 


Because of impaired sensation below the level of the injury, 
SCI athletes may not immediately complain of pain after a 
fracture. Other warning signs may include increases in spas- 
ticity or AD. 

Prevention of osteoporosis should include calcium and 
vitamin D supplementation for all athletes with SCI. 
Bisphosphonates may also be used for prevention. 


Orthostatic Hypotension 


E Orthostatic hypotension occurs in most SCI patients. 


E Symptoms include light-headedness and dizziness, and syn- 
cope may occur if uncorrected. 


E Orthostatic hypotension occurs after SCI because of 
decreased sympathetic efferent activity in vasculature below 
the level of the injury and also because of decreased reflex 
vasoconstriction. The result is venous pooling in dependent 
areas (lower limbs or abdomen) that occurs with changes in 
position (17). 

E Prevention includes the use of lower limb compression 
stockings and abdominal binders, maintenance of hydration, 
and salt supplementation. If these measures are insufficient, 
pharmacologic treatment with midodrine, fludrocortisone, 
or ephedrine may be helpful (17). 

E In SCI athletes, nonpharmacologic prevention should be at- 
tempted before the use of pharmacologic agents is considered. 





ACUTE MOUNTAIN SICKNESS 





Œ Acute mountain sickness involves a constellation of symp- 
toms (headache, nausea, weakness, shortness of breath) and 
occurs with exposure to high altitudes. Incidence increases 
with increasing altitude. 

E In many winter sports, competition at high altitudes 
increases the risk of acute mountain sickness. 

E Acute mountain sickness is thought to be caused by altera- 
tions in the blood-brain barrier and cerebral vasculature 
that occur at high altitudes (8). 

E Given their altered neurophysiology and anatomy, SCI ath- 
letes may be at higher risk of acute mountain sickness (8). 

E Acetazolamide may be used as prophylaxis in high-risk 
scenarios. Treatment may include return to low altitude, 
acetazolamide, or dexamethasone. 
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The Athlete with a Total Joint 
Replacement 


Robert W. Engelen and Jennifer L. Reed 





PREVALENCE AND OUTCOME 





In 2003, a total of 202,500 primary total hip arthroplasties 
and 402,100 primary total knee arthroplasties were per- 
formed in the United States (10). 

By 2030, the demand for total hip arthroplasty (THA) is esti- 
mated to grow by 174% to 572,000, and the demand for total 
knee arthroplasty (TKA) is estimated to grow by 673% to 
3.48 million procedures (10). 

The prevalence of shoulder arthroplasty in 1998 was 15,266, 
with 8,556 hemiarthroplasties and 6,710 total shoulder 
arthroplasties (19). 

On average, a modern total joint replacement has a > 90% 
chance of surviving 10-15 years (1,10). 

Dislocation, periprosthetic fracture, and implant breakage 
are possible, but uncommon, complications of athletic activ- 
ity. More salient concerns include implant loosening from 
periarticular osteolysis and excessive joint-bearing surface 
component wear. 

Athletic activity increases stress on implant fixation, and 
several studies have suggested that use and activity levels 
contribute to loosening rates associated with total joint ar- 
throplasty (21). 

Activity levels can vary tremendously from patient to pa- 
tient. Implant wear has been shown to be related to use of 
the joint as opposed to duration of implantation (21). 
Active, high-demand patients place arthroplasty implants at 
increased risk for loosening and wear. 

Patients under 60 years of age are 30% more active on aver- 
age than patients 60 years of age or older (24). 

In the Swedish National Hip and Knee Arthroplasty Regis- 
ters, 10-year revision rates among younger men were three 
to four times greater when compared to older patients 
(9,15). 

Published guidelines concerning activity after total joint 
arthroplasty discourage high levels of activity (2). 
Prospective, randomized studies on athletic activity after 
joint replacement and its effect on implant survivorship are 
not available (6). 
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E Current recommendations are largely based on the opin- 
ions of orthopedic surgeons. Tables 118.1 through 118.5 
represent revised recommendations from surveys of the 
Hip, Knee, and American Shoulder and Elbow Societies 
conducted in 1999 and from repeat survey completed 
in 2005 (7). 

E A recently published review article by Kuster (11) suggests 
that recommendations be made according to scientific 
knowledge including a biomechanical analysis of the joint 
loads during the sport in question. 

E The following sections discuss issues that should be taken 
into account for each patient and sporting activity. 





WEAR OF TOTAL JOINT REPLACEMENTS 





Up to 500,000 submicron-sized polyethylene particles are re- 
leased with each step (20). These small particles can activate 
macrophages that produce factors such as prostaglandins 
and interleukins thought to explain the progressive osteoly- 
sis and subsequent implant loosening. 

E Another major long-term problem is polyethylene wear it- 
self. The total volume of wear particles produced strongly 
depends on the number of steps, the load applied, and the 
roughness of the joint surfaces (13). Standard metal on 
polyethylene has shown elevated levels of wear, greater than 
0.2 mm per year (14). 

E Ina study evaluating the results of 5,700 TKAs recorded in 
a community joint registry, polyethylene wear accounted for 
15% of all revisions and 30% of revisions after the knee sur- 
vived greater than 5 years (13). 

E The most common reason for TKA revision in a community 
joint registry prospectively following 1,047 patients under 
the age of 55 was aseptic loosening, but the study showed a 
14-year survival rate of 74.5% (3). 

E A study by Gschwend et al. (5) followed two cohorts of pa- 
tients after THA, one cohort active in Nordic and/or Alpine 
skiing and the other cohort inactive. At 10 years, the wear 
rate was higher in the active group but loosening remained 
higher in the inactive group of patients (5). 
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Table 118.1 | Activity After Total Hip Arthroplasty — 1999 Hip Society Survey 


Recommended/Allowed 


Allowed with Experience 






Not Recommended 





No Conclusion 





Stationary bicycling 
Croquet 

Ballroom dancing 
Golf 

Horseshoes 
Shooting 
Shuffleboard 
Swimming 
Doubles tennis 


Walking 


*NordicTrack, Logan, Utah. 
SOURCE: Adapted with permission from Healy WL, Iorio R, Lemos MJ. Athletic activity after joint replacement. Am J Sports Med. 2001;29(3):377-88. 





Low-impact aerobics 
Road bicycling 
Bowling 

Canoeing 

Hiking 

Horseback riding 


Cross-country skiing 


High-impact aerobics 
Baseball/softball 
Basketball 
Football 
Gymnastics 
Handball 
Hockey 

Jogging 
Lacrosse 
Racquetball 
Squash 

Rock climbing 
Soccer 

Singles tennis 


Volleyball 


Table 118.2 | Activity After Total Hip Arthroplasty — 2005 Hip Society Survey 









Jazz dancing 
Square dancing 
Fencing 

Ice skating 
Roller/inline skating 
Rowing 

Speed walking 
Downhill skiing 
Stationary skiing* 
Weightlifting 
Weight machines 





Recommended/Allowed Allowed with Experience Not Recommended No Conclusion 
Stationary bicycling Aerobics Soccer Fencing 
Ballroom dancing Rowing Jogging Baseball 

Golf Bowling Basketball Gymnastics 
Shuffleboard Canoeing Football Handball 
Swimming Hiking Hockey 
Doubles tennis Horseback riding Rock climbing 
Walking Cross-country skiing Squash/racquetball 
Bowling Doubles tennis Singles tennis 
Canoeing Roller skating Volleyball 

Road cycling Ice skating 


Square dancing 
Hiking 


Speed walking 


Downhill skiing 
Stationary skiing* 
Weightlifting 


Weight machine 





Note: The 1999 survey asked about croquet, horseshoes, shooting, and lacrosse, which were not included in the 2005 survey. 


*NordicTrack, Logan, Utah. 


SOURCE: Adapted with permission from Healy WL, Sharma S, Schwartz B, Iorio R. Athletic activity after total joint arthroplasty. J Bone Joint Surg Am. 2008;90(10):2245-52. 
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Table 118.3 | Activity After Total Knee Arthroplasty — 1999 Knee Society Survey 





Recommended/Allowed Allowed with Experience Not Recommended No Conclusion 
Low-impact aerobics Road bicycling Racquetball Fencing 
Stationary bicycling Canoeing Squash Roller blade/inline skating 
Bowling Hiking Rock climbing Downhill skiing 
Golf Rowing Soccer Weightlifting 
Dancing Cross-country skiing Singles tennis 
Horseback riding Stationary skiing* Volleyball 
Croquet Speed walking Football 
Walking Tennis Gymnastics 
Swimming Weight machines Lacrosse 
Shooting Ice skating Hockey 
Shuffleboard Basketball 
Horseshoes Jogging 

Handball 





*NordicTrack, Logan, Utah. 
SOURCE: Adapted with permission from Healy WL, Iorio R, Lemos MJ. Athletic activity after joint replacement. Am J Sports Med. 2001;29(3):377-88. 





E Frequently, the desire for functional improvement includes a de- 

INDICATIONS se ae naan E ay 
sire for athletic activity, and many patients choose to have joint 

replacement to enable them to return to a specific sport (23). 





E Pain remains the primary indication for joint replacement Œ Mancuso et al. (16) documented that patients who undergo 


operations; however, disability and reduced function associ- joint replacement have multiple expectations, including re- 
ated with a painful or stiff joint are increasingly seen as ap- lief of symptoms, improvement in physical function, and 
propriate indications for joint replacement. improvement in psychosocial well-being. 


Table 118.4 | Activity After Total Knee Arthroplasty — 2005 Knee Society Survey 





Recommended/Allowed Allowed with Experience Not Recommended No Conclusion 
Low-impact aerobics Road bicycling Racquetball Fencing 
Stationary bicycling Canoeing Squash Roller blade/inline skating 
Bowling Hiking Rock climbing Downhill skiing 
Golf Rowing Soccer Weightlifting 
Dancing Cross-country skiing Singles tennis 
Horseback riding Stationary skiing* Volleyball 
Croquet Speed walking Football 
Walking Tennis Gymnastics 
Swimming Weight machines Lacrosse 
Shooting Ice skating Hockey 
Shuffleboard Basketball 
Horseshoes Jogging 

Handball 





Note: The 1999 survey asked about croquet, horseshoes, shooting, and lacrosse, which were not included in the 2005 survey. 
*NordicTrack, Logan, Utah. 
SOURCE: Adapted with permission from Healy WL, Sharma S, Schwartz B, Iorio R. Athletic activity after total joint arthroplasty. J Bone Joint Surg Am. 2008;90(10):2245-52. 
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Table 118.5 | Activity After Total Shoulder Arthroplasty — 1999 American Shoulder and Elbow Society Survey 










Recommended/Allowed Allowed with Experience Not Recommended No Conclusion 
Cross-country skiing Golf Football High-impact aerobics 
Stationary skiing* Ice skating Gymnastics Baseball/softball 
Speed walking and jogging Shooting Hockey Fencing 

Swimming Downhill skiing Rock climbing Handball 

Doubles tennis Horseback riding 
Low-impact aerobics Lacrosse 


Bicycling, road and stationary 
Bowling 

Canoeing 

Croquet 

Shuffleboard 

Horseshoes 


Dancing: ballroom, square, and jazz 


Racquetball, squash 
Skating, roller/inline 
Rowing 

Soccer 

Tennis, singles 
Volleyball 


Weight training 





*NordicTrack, Logan, Utah. 


SOURCE: Adapted with permission from Healy WL, Iorio R, Lemos MJ. Athletic activity after joint replacement. Am J Sports Med. 2001;29(3):377-88. 





JOINT LOAD AND MOMENTS DURING 
SPORT ACTIVITIES 


Tables 118.6 and 118.7 summarize published data regarding 
hip and knee joint loads during various daily and athletic 
activities (11). 

As a general guide, the following hip and knee joint loads can 
be assumed. During daily activities, loads of up to 3—4 times 
body weight occur, whereas during sporting activities, loads 
of 5-10 times body weight might occur. 


Cycling appears to be the most joint friendly, with forces 
averaging between 1.2 and 1.5 times body weight at the hip 
and knee (less than the forces experienced while walking). 

A key consideration for both walking and jogging is that the 
hip and knee joint loads increase as speed increases. During 
fast running, the knee joint load can reach 10 times body 
weight or more. 

For activities such as skiing, joint loads can vary significantly 
depending on style, terrain, and experience. Short turns, large 
moguls, and inexperience all translate into larger joint loads. 





RECREATION OR EXERCISE 





E It is important to consider whether an activity will be per- 
formed for exercise or for recreation. 

E In order to maintain cardiovascular fitness, the American 
College of Sports Medicine recommends aerobic exercise at 
least three times a week for 30 minutes or more. 


E Joint wear shows a strong correlation to load. Therefore, the 
most prudent recommendation would be to engage in activi- 
ties with lower joint loads, such as cycling, swimming, and 
walking, to maintain cardiovascular fitness. 

E Activities with high joint loads, such as running or tennis, 
should not be performed as regular endurance activities; 
however, if patients would like to resume certain high-load 
activities for recreation, such as skiing 1 or 2 weeks a year or 
hiking on the weekends, this may be acceptable (11). 

Even when engaging in high-load sports recreationally, every 
effort should be made to reduce the joint forces as much as 
possible. For example, using ski poles while hiking downhill 
can reduce the load at the knees by as much as 20% (22). 





EXPERIENCE AND PREOPERATIVE 
ACTIVITY LEVEL OF PATIENT 


E The preoperative activity level is a strong predictor of sport- 
ing activities postoperatively. 

E Patients who have achieved high levels of skill in athletics 
have the best chance of safely resuming these activities. Pa- 
tients who have not previously participated in a specific sport 
or recreational activity may have an increased risk of injury 
when participating in a new sport after joint replacement (6). 

E Preliminary evidence from Switzerland suggests that indi- 
viduals not regularly active, out of practice, or inexperienced 
are at higher risk for sporting accidents (17). 

E Joint loads can be significantly increased for beginners com- 
pared with experienced individuals. 
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Table 118.6 | Hip Joint Loads During Different 
Activities 






Table 118.7 | Knee Joint Forces During Different 
Activities 








Activity Hip Joint Load (x BW) Activity Knee Joint Load (x BW) 

Standing on two legs 0.8 Walking at 5.4 km : h`! 3.4—4.0 

Standing on one leg 3.2 Walking 3.0 

Straight leg raise 1.9 Walking at 5 km - h`! 2.8 

Walking at 1 km - h`! 2.9 Walking at 7 km - h`! 4.3 

Walking at 5 km +h! 47 Walking 35 

Jogging at5km-h ! 5.0 Cycling at 120 W 1.2 

Jogging at 7km-h 5.4 Stair ascent 4.3-5.0 

Stumbling 8.7 Stair descent 3.8-6.0 

Cycling low resistance (40 W) 0.5 Ramp ascent 4.5 

Cycling high resistance 14 Ramp descent 4.5 

Jogging at 12km-h! 6 Ramp descent at 5.4 km + h™' 7.0-8.5 

Alpine skiing long turns, flat slope 4.5 Squat descent 5.6 

Alpine skiing long turns, steep slope 6 Isokinetic knee extension Up to 9 

Alpine skiing short turns, flat slope 5.5-6.0 Jogging at 9 km : h`! 8-9 

Alpine skiing short turns, steep slope 7-8 Jogging at 12.6 km - h`! 10.3 

Alpine skiing small moguls 8-9 Running at 16 km - h`! Up to 14 

Alpine skiing large moguls 10-15 Bowling on asphalt alleys Up to 12 

Cross-country skiing classical 4-5 Skiing medium steep slope 

Cross-country skiing skating 4.5 Beginner skier 10 

Walking at natural speed 3.2-6.2 Skilled skier 3.5 

Stair ascent 3.4-6.0 BW, body weight. 

Car entry 5-8 SOURCE: Adapted with permission from Kuster MS. Exercise recommendations 

after total joint replacement: a review of the current literature and proposal of 

Car exit 4.5-8.0 scientifically based guidelines. Sports Med. 2002;32(7):433—45. 

Bath entry 4.6-6.6 

Stair ascent 5 

Stair descent 5.6 : ; o. 

cee me in flexion (12). Hence, delamination and polyethylene 
destruction can occur during activities like hiking or run- 

Ramp descent 6.5 ning where high joint loads occur between 40 and 60 degrees 





BW, body weight. 

SOURCE: Adapted with permission from Kuster MS. Exercise recommendations 
after total joint replacement: a review of the current literature and proposal of 
scientifically based guidelines. Sports Med. 2002;32(7):433—45. 





DIFFERENCES BETWEEN JOINT TYPES 


E When considering appropriate sporting activities for total 
knee joint replacement patients, one must consider not 
only joint loads, but also the knee flexion angle of the 
peak load. 

E In many total knee designs, the femoral and tibial compo- 
nents are conforming near extension and nonconforming 


of knee flexion (11). 

E It is prudent to be more conservative after TKA than after 
THA when considering activities with high joint loads in 
knee flexion. Return to athletic activity 5 years after surgery 
increased from 36% to 52% after THA but decreased from 
42% to 34% after TKA (8). 


E Ina study by McCarty et al. (18) on return to athletic activity 
after shoulder arthroplasty, there was a high rate of return to 
swimming (86%), golf (77%), and tennis (75%), but a lower 
rate of return was seen in sports such as weightlifting (43%), 
bowling (40%), and softball (20%). 

E The rate of sports activity after total ankle replacement 
(TAR) was 56% and significantly increased the overall sports 
activity rate by 20%. Hiking was the most reported sports 
activity after TAR (21). 
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SURGICAL FACTORS 





ŒE A comprehensive discussion of surgical factors is beyond 
the scope of this chapter; however, some important factors 
to consider include (a) the importance of an anatomically 
and biomechanically accurate joint reconstruction with a 
well-designed implant and a properly balanced soft tissue 
or muscular envelope; (b) the surgical approach (e.g., lateral 
vs. posterolateral for THA); (c) fixation (cemented vs. un- 
cemented); and (d) component selection materials (ceramic 
vs. polyethylene vs. metal). 





CONCLUSIONS 





E In the absence of prospective randomized controlled trials, 
physicians have a duty to use the currently available scien- 
tific knowledge to educate their patients regarding the risks 
and benefits of individual athletic activities following joint 
replacement. 

E Patients should not be discouraged from participating in 
reasonable athletic activity when they prepare and train for 
the activity and when they understand the risks. 


E In general, patients with total joint replacements are encour- 
aged to participate in low-impact, low-demanding sports 
and to avoid high-impact, high-demanding sports. 

E Ultimately, whether to engage in a particular sporting activ- 
ity after total joint replacement is up to each individual pa- 
tient. The patient must make the final decision. 
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The Athlete with Cancer 


Jason M. Matuszak and Tracey O’Connor 





INTRODUCTION 





Cancer can strike individuals in the prime of their lives, and 
athletes are no exception. 


With advances in screening, diagnosis, and management, 
people increasingly survive cancer and return to activi- 
ties that are important to them. According to the National 
Cancer Institute, there are over 11 million cancer survivors 
in the United States (44). 


Studies indicate that regular exercise can help to prevent cer- 
tain types of cancer, with the best evidence supporting colon, 
breast, and endometrial. 


Exercise in a cancer patient or survivor has benefits to both 
health and general well-being. 


American College of Sports Medicine (ACSM) position 
stand on exercise in the cancer survivor was published in 
2010 (69). 


E This was created to highlight new evidence that shows 
cancer survivors — including those currently undergo- 
ing treatment — can experience a multitude of benefits 
from exercise. They should avoid inactivity and, as closely 
as possible, adhere to the 2008 federal Physical Activity 
Guidelines for Americans. 


E Exercise recommendations should be tailored to the 
individual cancer survivor to account for exercise 
tolerance and specific diagnosis. There are certain 
recommended alterations to the federal physical activ- 
ity guidelines for specific types of cancer, including 
breast, prostate, colon, and hematologic (blood or bone 
marrow). 


Sports medicine physicians are ideally positioned to: 
E Educate athlete about cancer risk 
E Screen for detectable cancers 


E Evaluate musculoskeletal pain for potential malignant 
causes 


E In conjunction with an athlete and their health care team, 
develop an exercise program/prescription 


E Educate on the benefits of exercise in the cancer patient 
and in cancer prevention 
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ATHLETES POTENTIALLY AT INCREASED 
RISK OF CANCER 





E Environmental exposure 


E Many sports are played outdoors, and as such, there is 
sun exposure. Multiple studies have shown an increased 
risk of skin cancer in outdoor sports, including aquatic 
and traditionally winter sports (3,34,76). 


E Radiation exposure may be higher for athletes that travel 
frequently by airplane and who have multiple x-rays or, 
especially, computed tomography scans (1,20,24,47). 

E Skin exposure to trihalomethanes or other carcinogens 
in swimming pool water has been suggested to be a risk 
factor for cancer (62). 


E Drugs or ergogenic aids that may predispose for cancer 


E Anabolic steroids have traditionally been implicated 
in hepatoma, and studies show there are sex hormone 
receptors in liver cancer cells (6,73). 

E Growth hormone 

Q Evidence shows individuals with acromegaly have 
pathologically increased tumor risk. 





Q Supplementation for medical or ergogenic reasons 
may lead to increases in colorectal cancer, second 
tumors in previous cancer patients taking growth hor- 
mone, and in primary tumors as a result of the ana- 
bolic effects and resulting abnormal proliferation of 
malignant cells (6,33,59,60,73). 


E Erythropoietin (EPO) may lead to angiogenesis and 
inhibit apoptosis of abnormal cells. 


E Oral contraceptive pills may increase risk of breast can- 
cer, especially when started before the age of 20 (41,42). 
Early menarche has also been implicated, and some have 
theorized that this is an effect of increased estrogen. 


E Some supplements, including creatine and chromium, 
are being evaluated for carcinogenicity. 


E Other risky behaviors 


E Tobacco use — lung, oropharyngeal cancers (12,55) 
E Sexually transmitted diseases that increase risk of cancer (55) 
4 Human papillomavirus — cervical cancer, penile cancer 


E Prolonged strenuous exercise 


E Most studies show a reduced risk of cancer with exercise; 
however, there continue to be concerns that prolonged 
strenuous exercise, such as that encountered by endurance 
athletes, may lead to an increased risk in certain individuals. 

E It is theorized that this could be an effect of increased 
oxidative stress leading to an increased burden of free 
radicals and significant increases in DNA damage, in con- 
junction with an observed reversal of the increased activ- 
ity seen with moderate exercise of macrophages, natural 
killer cells, and polymorphonuclear neutrophils, which 
are the first line of defense against cancer. 

E One study of world-class Norwegian athletes showed a three- 
fold increased risk of thyroid cancer in female athletes (66). 

E In vitro and animal studies do suggest that there is an 
increased incidence of DNA damage as a result of strenu- 
ous exercise; however, strenuous exercise has been dem- 
onstrated to shrink tumor size (5,7,65). 

E Human data remain incomplete and inconclusive at this 
time. 


FINDING CANCER IN ATHLETES 





Screening (59) 


E A history of night sweats, fatigue, unintentional weight loss, 
decreasing performance, treatment-resistant pain, and recur- 
rent infections suggest the need for further investigation. 

B® Social history should be reviewed for risk factors for cancer such 
as tobacco, environmental exposures, or anabolic steroid use. 

E A family history of malignancy is important, particularly in 
cancers that have a strong genetic link. 
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E The physical examination should include a skin examination 


to exclude melanoma or other skin cancers. Adenopathy, par- 
ticularly if a mass is enlarging, nontender, and fixed, suggests 
lymphoma or metastatic disease. Excessive ecchymoses can 
represent leukemia. Conjunctival pallor from anemia can 
be present with neoplasm that infiltrates the bone marrow 
or from occult blood loss in gastrointestinal malignancies. 
Testicular cancer frequently presents as testicular mass or 
swelling. The abdomen should be examined for masses and 
organomegaly. 


Malignancy as Musculoskeletal Pain 


E Cancer can present as musculoskeletal pain and should be 


considered in the differential diagnosis, especially when 
certain warning signs are seen, including pain unrelieved 
by rest, unrelenting pain, night pain, or pain that does not 
improve despite appropriate treatment. It should also be 
considered when there are constitutional symptoms that 
suggest malignancy (10). 


Cancers that commonly present as musculoskeletal pain 


E Metastases, most often from breast, lung, thyroid, kidney, 
and prostate 


4 Bone is third most common site of metastases after 
lung and liver (10). 


4 More common than primary tumors of the bone. 





4 More likely to cause significant clinical disease due to 
pain, pathologic fractures, hypercalcemia, and bone 
marrow replacement (61). 

E Solitary primary musculoskeletal tumors including oste- 

osarcoma, chondrosarcoma, Ewing sarcoma, giant cell 

tumors, and rhabdomyosarcoma (Table 119.1) 


E Leukemia, lymphoma, and multiple myeloma 


Table 119.1 | Malignant Solid Tumors of the Musculoskeletal System 


Tumor Population Notes 


Radiographic/Disease Notes 





Primary osteosarcoma < 30 years of age; male predominance 


Chondrosarcoma > 20 years of age 


Ewing sarcoma 


Giant cell tumors 20-40 years of age; female predominance 


Rhabdomyosarcomas 90% < 20 years of age 


Multiple myeloma > 50 years of age 


< 30 years of age; male 2:1 predominance 


60% in the knee; also consider in hip, pelvis, shoulder 
“Moth-eaten” or “sunburst” appearance 
Codman’s triangle 


Hip, pelvis, femoral diaphysis, ribs, and proximal humerus 
Pathologic fracture 


Pelvis, femur, humerus; lucency/lysis; “onion-skin layering” 


Lytic; “soap bubble lesion” 
Nonsclerotic, sharply defined borders 
Pathologic fracture; 

Epiphyseal predilection 


Enlarging, painful, soft tissue mass 
Most occur in areas naturally lacking significant skeletal muscle 
(head, neck, genitourinary tract) 


Spine or ribs 

Mechanical back pain 
Bence-Jones protein 
Lytic, punched out lesions 
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PREPARTICIPATION EVALUATION 
FOR THE ATHLETE PARTICIPATING 
WITH CANCER 





E There are no specific guidelines for the types of prepartici- 
pation evaluation that should be performed on athletes 
wanting to participate with active cancer; ACSM position 
stand on exercise guidelines for cancer survivors addressed 
the preexercise evaluation of survivors. 

E Consider using multidisciplinary approach to evaluate for 
individual risk, perceived complications, and clinical status. 

E Understand that athletes undergoing active cancer treatment 
can feel profoundly different over short periods of time. 
They should remain flexible with their exercise program to 
their changing condition. 

E Cancer treatments may result in different complications. 
Chemotherapy, radiation, and hormone therapy can all 
have side effects that will have a bearing on an individual’s 
ability to participate in activities. The profile of the specific 
agents should be understood prior to starting an exercise 
program. 

E If surgery has already been performed, evaluate for pos- 
sible site-specific or regional complications (i.e., wound 
integrity, lymphedema of the arm or leg with lymph node 
dissection). 

E Cardiac complications can be seen with a number of che- 
motherapy agents, and these may place the athlete at high 
risk for arrhythmias or cardiomyopathy. There is some 
evidence to show that stress testing or submaximal stress 
testing can be used to determine ability to start an exercise 
program (52). 

E In the cancer survivor without risk of cardiotoxicity or 
other specific indications, follow ACSM guidelines for ex- 
ercise testing before moderate to vigorous aerobic exercise 
training (69). 

E Resistance training can be safely undertaken by athletes with 
active cancer and cancer survivors. Consideration should be 
given for fracture risk with osteoporosis related to cancer 
treatment or bony metastases. Also, care must be taken when 
performing resistance training with abdominal wounds 
or an ostomy following cancer surgery to decrease risk of 
herniation by avoiding excessive intra-abdominal pressure 
(19,69). 

E Flexibility training may be undertaken safely. Avoid excessive 
intra-abdominal pressure for athletes with ostomies (69). 





THE BENEFITS OF EXERCISE IN THE 
CANCER PATIENT 





E There is substantial documentation that physical activ- 
ity has positive effects on physical and psychological 
health and overall quality of life (72), and that there is an 


association between physical activity and breast cancer 
survival (38,74). 

Physical activity is generally well tolerated during and fol- 
lowing cancer treatment. A recent meta-analysis showed 
that the majority of studies find a positive and significant 
impact of physical activity intervention during treatment 
for upper and lower body strength and self-esteem. Follow- 
ing treatment, a positive and significant impact of physical 
activity interventions was seen for aerobic fitness, upper and 
lower body strength, lower body flexibility, lean body mass, 
overall quality of life, and cancer-related fatigue (CRF) (72). 
Although the power of this study may be limited by the fact 
that approximately 80% of the patients in these studies had 
breast cancer, there have been promising results noted for 
prostate and hematologic cancers as well (69). 

Despite the documented benefits of exercise, only 25%-30% 
of cancer survivors are reported to be physically active 
(defined as meeting the public health exercise guidelines) 
(30). Young age, higher education, male gender, healthy 
weight, and absence of comorbidity are positively associated 
with physical activity among cancer survivors (8,13,40,50). 
Exercise is safe both during and after most types of can- 
cer treatments, including life-threatening treatments such 
as bone marrow transplant, with attention to infection 
risk among those inmunocompromised due to treatment 
(e.g., care to avoid spread of infection through use of equip- 
ment at public gyms) (69) 

Recently reported randomized controlled trials have dem- 
onstrated that a slowly progressive weightlifting program in 
breast cancer patients with lymphedema had no significant 
effect on limb swelling and resulted in a decreased incidence 
of lymphedema exacerbations, reduced symptoms, and in- 
creased strength (68). In breast cancer patients who are at 
risk for but have not yet developed lymphedema, a progres- 
sive program of resistance training and aerobic activity did 
not increase the risk for or increase symptoms of lymphe- 
dema (2,15). Similar safety data do not yet exist for patients 
suffering from lymphedema as a consequence of gynecologi- 
cal cancer. 

Exercise before and after a breast cancer diagnosis has been 
associated with a decreased risk of recurrence and/or death 
from breast cancer in observational studies (26,39,43). Two 
reported observational studies suggest that exercise after a 
colon cancer diagnosis may reduce the risk of colon cancer- 
specific and overall mortality (53,54). 





EXERCISE FOR THE PREVENTION 
OF CANCER 





E Physical activity and exercise are important health behav- 


iors in the prevention and management of many acute and 
chronic diseases (14). Research in cancer over the past 20 years 
has resulted in physical activity receiving a prominent place in 






Table 119.2 | Level of Supporting Evidence for 
Benefit of Physical Activity on 
Lifetime Risk of Cancer 


Level of Evidence 





Cancer Type (SORT Criteria) 
Colon 1 

Breast 2 

Endometrial 2 

Lung 3 

Ovary 3 

Prostate 2 

All others Insufficient evidence 





SORT, Strength of Recommendation Taxonomy. 


many cancer control and exercise science guidelines including 
the American Cancer Society’s guidelines for cancer preven- 
tion (48) and survivorship (21). 

E Physical activity is a complex behavior to assess since the 
type of activity, dose (intensity, duration, frequency), and 
timing (younger vs. older age) all need to be considered 
when assessing how this factor influences cancer risk (27). 


E Exercise can be safely advised for most individuals given its 
large benefit and relatively low risk. Although exercise can 
be safely recommended, the level of epidemiologic evidence 
varies by cancer site (Table 119.2) (14). 

E Colon cancer 


E A meta-analysis of case-controlled and cohort studies by 
Wolin et al. (79) examined the association between physi- 
cal activity and colon/colorectal cancers. From these data, 
it is estimated that physical activity reduces colon cancer 
risk by 20%—25% in both men and women who have the 
highest levels of physical activity versus the lowest levels 
of activity (79). Based on the evidence of studies of recre- 
ational activity, it is estimated that 30-60 minutes per day 
of moderate- to vigorous-intensity physical activity may 
be required to lower colon cancer risk significantly (48). 


E The association between physical activity and a decreased 
risk of colon cancer is supported by several biologic 
mechanisms. Physical activity may decrease inflamma- 
tion, reduce intestinal transit time (and decrease mucosal 
exposure to carcinogens), decrease insulin-like growth 
factors, reduce insulin levels, modulate immune function 
(35,67), and increase vitamin D levels (31). Some of the 
association may be related to obesity; however, there con- 
tinues to be statistically significant differences when body 
composition is controlled for (78). 

E Breast cancer 

E Physical activity as a means of reducing breast cancer 
risk was first reported in 1985 with an observation that 
the lifetime incidence of breast and other reproductive 
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cancers was lower in college athletes (29). Since breast 
cancer is a major cause of mortality and cancer incidence 
in developed nations and because most risk factors for 
breast cancer are not able to be modified, there has been 
considerable research and public interest in reducing 
breast cancer risk through increased activity (28). 


E Twenty-nine (40%) of 73 studies reviewed found a sta- 
tistically significant reduction in breast cancer risk when 
comparing the highest versus the lowest levels of activity. 
In addition, eight other studies (11%) observed a risk re- 
duction that was of borderline significance, and 14 (19%) 
had risk reductions that did not achieve statistical signifi- 
cance. No association was found between physical activ- 
ity and breast cancer in 19 studies (26%), and 3 studies 
(4%) showed a nonsignificant increased risk. The magni- 
tude of the risk reduction across all studies was 25% (51). 


E Recently, randomized controlled exercise intervention stud- 
ies have begun to investigate how exercise may influence 
breast cancer risk by examining the effect on hypothesized 
biomarkers of breast cancer risk. Evidence is accumulating 
that physical activity has a beneficial effect on breast cancer 
risk by decreasing body fat, sex and metabolic hormones, 
insulin resistance, and inflammation (28). 


E Physical activity reduces breast cancer risk when per- 
formed at any age, but activity done after the age of 50 
has a stronger effect than activity earlier in life, and sus- 
tained lifetime activity is of benefit (25). Current public 
health recommendations for breast cancer risk reduction 
are at least 4-7 hours per week of moderate- to vigorous- 
intensity activity (63). 


E Endometrial cancer 


E Many risk factors are similar for the development of 
breast and endometrial cancer. Epidemiologic evidence 
suggests that physical activity is likely to protect against 
the development of endometrial cancer, and this effect 
is independent of adiposity and exhibits a dose-response 
relationship (18). 


E A systematic review of 20 studies found a consistent 
reduction in endometrial cancer risk with a range of 
20%-30% (75). Higher intensity and longer duration 
activity may be more beneficial than lower intensity, 
shorter duration activity. Based on the studies conducted 
to date, about 1 hour of moderate-intensity activity 
appears to decrease endometrial cancer risk (27). 


E Prostate cancer 


E Prostate cancer is the most frequently diagnosed cancer 
and the second leading cause of cancer death among men 
in the United States (44). Risk factors include age, race, 
and family history; modifiable risk factors are not yet 
established (32). 


E The evidence for an association between physical activ- 
ity and prostate cancer is less established than for breast, 
colon, and endometrial cancer, and the link is classified as 
possible. In a recent review of 39 epidemiologic studies of 
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physical activity and prostate cancer, an average decrease 
of 9% in prostate cancer risk was seen when comparing 
high versus low levels of physical activity (49). 

Based on a limited number of studies, there was no strong 
protective effect of earlier life physical activity on risk for 
prostate cancer. Similarly, the association did not vary 
substantially between population subgroups. Studies that 
assessed activity intensity and those that considered fatal 
prostate cancer as an endpoint reported the strongest 
inverse association between physical activity and prostate 
cancer risk (49). 





SPECIAL CONSIDERATIONS OF EXERCISE 
IN THE ATHLETE WITH CANCER 





E The pediatric athlete 
E Studies suggest that children and adolescents have differ- 


ent levels of satisfaction with their athletic performance 

compared with other aspects of their life and in compari- 

son with their peers (46,57). Children with cancer also 
score their athletic competence lower than their parents 

do (22). 

Identifiable risk factors for physical performance limita- 

tions include (56): 

Q Original diagnosis of bone tumor, brain tumor, or 
Hodgkin disease; female sex; and an income less than 
$20,000 per year 

Q Treatment that included radiation and treatment with 
a combination of alkylating agents and anthracyclines 





4 Musculoskeletal, neurologic, cardiac, pulmonary, sen- 
sory, and endocrine organ system dysfunction 


E Exercise programs and CRF 


E Fatigue isa common symptom in patients with cancer and 


is nearly universal in those undergoing cytotoxic chemo- 
therapy, radiation therapy, bone marrow transplantation, 
or treatment with biologic agents (9). Patients perceive 
CRF to be the most distressing symptom they suffer, more 
distressing even than nausea and vomiting or pain, which 
can often be managed with medications (37,74). 

Current research evidence suggests that both aerobic and 
resistance exercise programs are beneficial at improving 
CRE. Recent evidence suggests that greater benefits may 
be seen when exercise programs are implemented in the 
survivorship phase rather than the active treatment phase 
(17,72). 

In a recent randomized controlled trial, a 12-week super- 
vised aerobic exercise program versus usual care in 
122 lymphoma patients was shown to offer significant 
benefit for symptoms of CRF and cardiorespiratory fit- 
ness, lean body mass, and depression (16). 

In prostate cancer patients, both resistance and aerobic 
exercise was found to significantly attenuate CRF over the 


short term. Only resistance exercise, however, was found 
to significantly improve CRF in the long term (70). 


E Exercise and immune function 


E Macrophages, natural killer (NK) cells, and polymorpho- 


nuclear neutrophils are the first line of defense against 
cancer. It is unclear what effects exercise can have on the 
function of these cells (77). Schmitz et al. (69) examined 
two randomized controlled trials that evaluated exercise 
training on intrinsic factors after breast cancer treatment. 
They noted one study showed no significant increases in 
NK cells or their cytotoxic activity after 8 weeks of aerobic 
exercise training, whereas the other did show significant 
improvement in NK cell cytotoxic activity after 15 weeks 
of weekly aerobic exercise three times a week (69). 


Human cross-sectional studies demonstrate an inverse 
relationship between regular physical activity and inflam- 
matory biomarkers, including C-reactive protein (CRP), 
tumor necrosis factor-alpha (TNF-a), and interleukin-6 
(IL-6). Reductions in CRP levels with exercise training 
have also been reported (45). 


Animal model data show a positive effect of exercise on 
macrophage function, with enhanced clearance of lung 
metastases. Additionally, training results in greater in 
vitro NK cell cytotoxicity, enhanced in vivo mechanisms 
of natural immunity, and reduced pulmonary tumor 
metastases in mice (77). 


4 No change in NK cell cytotoxicity was observed after a 
12-month walking intervention in healthy postmeno- 
pausal women. 


Moderate exercise enhances antigen-specific T-cell- 

mediated cytokine function, production, and prolifera- 

tion following vaccination (77). 

Q May translate into better protection from infectious 
agents and greater immunosurveillance 





L 


Adaptive immune responses in relation to exercise 
may have a clinically significant impact on virally 
induced cancers, for example, cervical cancer and 
human papillomavirus. 


The effect of exercise on lymphomas (Hodgkin lym- 
phoma [HL] and non-Hodgkin lymphoma [NHL]) has 
been examined in limited studies. It is felt that because 
of the role of immune mediation, that if there is a sig- 
nificant exercise-induced enhancement of antitumor 
mechanisms, it would be evident in lymphoma (77). 


Q Participation in collegiate sports was associated with 
a trend of reduced risk of HL, although this did not 
reach statistical significance. 





(E) 


Women who participated in strenuous physical activ- 
ity at various time points in adult life had a lower risk 
of HL. 


4 A case-control study on NHL and occupational physi- 
cal activity (measured as energy expenditure or sitting 
time) found no significant association. 


E Studies examining the effect of immune function during 

cancer treatment have mixed results (58). 

4 In a study examining children with acute lympho- 
cytic leukemia, there were nonsignificant decreases in 
T cells (71). 

4 Another study looking at participation in an exercise 
program after peripheral-blood stem cell transplan- 
tation found that exercise did not facilitate or delay 
immune cell recovery (36). 


J Fairey et al. (23) evaluated studies that looked at 
immune function status in cancer survivors and 





reported that several showed significant improve- 
ments in immune function as a result of exercise. 


E Ergogenic aids in the athlete with cancer 


E It is important to be aware of regular restrictions for use 
of ergogenic aids for athletes in competition. 

E Androgen receptor agonists, including anabolic androgenic 
steroids and nonsteroidal agonists (selective androgen re- 
ceptor modulators), can help with cancer cachexia (11). 

E Growth hormone use may lead to increased risk of 
second cancer (59,73). 

E EPO is considered for anemia related to cancer treatment. 

E Orchiectomy has been suggested to lead to enhanced ath- 
letic performance (4). 
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PATHOPHYSIOLOGY 





Definition 


Human immunodeficiency virus (HIV) is a human retrovi- 
rus that targets and infects CD4* T-helper cells. It replicates 
within the CD4 cells and causes cell death. 

Acquired immunodeficiency syndrome (AIDS) is a chronic 
illness with an average natural history of > 10 years. It is the 
result of a progressively immunocompromised state due to 
quantitative and functional defects in CD4* T-helper cells. 
The decline in CD4 cells results in decreased function of the 
immune system and the development of opportunistic infec- 
tions and various malignancies (16). 


Natural History 


Following a 10- to 28-day incubation period after exposure 
to HIV, the individual may develop an acute and self-limited 
viral-like syndrome, followed by seroconversion. 
Seroconversion may occur with the development of the viral 
syndrome. 

After seroconversion, a clinical latency period occurs that 
may last over 10 years. During this time, the infected person 
has normal immune and exercise function. 

As immunocompromise develops, the individual may expe- 
rience otherwise unexplained fevers, fatigue, weight loss, and 
lymphadenopathy. 

AIDS occurs as the immune system continues to fail, and 
opportunistic infections ranging from mild candidiasis to 
life-threatening Pneumocystis carinii pneumonia may occur. 
Malignancies such as lymphoma and Kaposi sarcoma may 
develop. Muscle wasting occurs through mechanisms that 
are still not completely understood (16). 





EPIDEMIOLOGY 





Worldwide (73) 


33.3 million people were living with HIV/AIDS as of Decem- 
ber 2009, compared with 42 million in 2002. 
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Human Immunodeficiency 
Virus and Sports 


In 2010, it was estimated that there were 2.6 million new 
cases of HIV/AIDS and 1.8 million AIDS deaths. 

Two-thirds of the total cases are in sub-Saharan Africa. 

HIV testing and treatment of pregnant females has decreased 
the transmission of disease to newborns and infants. 


United States (8,73) 


According to the Centers for Disease Control and Preven- 
tion (CDC), there were 17,000 deaths from HIV in 2009, and 
there have been approximately 500,000 HIV-related deaths 
in the United States since the onset of the disease. 

It is estimated that there have been approximately 48,000 
new cases annually since 2006. 

At the end of 2008, it was estimated that there were 
1,178,350 persons over the age of 13 in the United States liv- 
ing with HIV infection, and this number continues to in- 
crease annually. It is estimated that 20% are unaware of their 
positive status. 

Men having sex with men (MSM) account for 75% of the 
HIV cases in the United States. MSM represent 2% of the 
U.S. population but 50% of all new cases. MSM have a 
44 times greater rate of HIV infection than men having sex 
with women. 

African Americans represent 14% of the U.S. population and 
44% of the new cases annually. The rate of infection in African 
Americans is three times greater than Hispanics and six times 
greater than Caucasians. African American females have a 
15 times higher rate of infection than Caucasian females. 


Athletics 


The incidence and prevalence of HIV/AIDS in athletes are 
unknown, but there are several high-profile elite and pro- 
fessional athletes who have acquired HIV, including Earvin 
“Magic” Johnson in 1991 (competed in National Basketball 
Association [NBA] and 1992 Summer Olympics with HIV) 
and Greg Louganis (competed in 1988 Olympics with HIV), 
who attribute their infection to personal behaviors unrelated 
to sports participation. 

Tommy Morrison (professional boxing) was banned from 
sports after testing positive for HIV in 1996. He was reinstated 
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in 2006 after apparently becoming HIV negative and has sub- 
sequently fought professionally. Controversy regarding his 
true testing and disease status continues to exist. 

Several professional athletes have died from AIDS con- 
tracted from nonsports activities including sexual activity, 
drug abuse, and blood transfusion. Prominent HIV-positive 
athletes include Bill Goldsworthy (National Hockey League 
[NHL]), Jerry Smith (National Football League [NFL]), Alan 
Wiggins (Major League Baseball [MLB]), Esteban DeJesus 
(boxing), Tim Richmond (NASCAR driver), Robert McCall 
and Rudy Galindo (figure skating), and Arthur Ashe (profes- 
sional tennis). 

HIV-infected athletes have participated in professional 
American-style football in the United States as well as 
Canada (26). 

Fears of the widespread dissemination of HIV throughout 
professional sports have been fueled by reports such as in 
1991 when two Canadian physicians announced a woman 
who had died of AIDS had disclosed that she had sexual inter- 
course with 30-70 different hockey players in the NHL (33). 
HIV-positive athletes have participated in intercollegiate 
sports and the 2011 Ironman World Championship (36,43). 





TRANSMISSION 





HIV is found in all body fluids of the infected individual in- 
cluding blood, semen, vaginal and cervical secretions, breast 
milk, and amniotic fluid. The highest concentration of HIV 
is in the cerebrospinal fluid. The virus is also found in low 
concentrations in tears, sputum, saliva, and urine, but it is 
not considered to be infectious in these forms unless they are 
blood tinged. HIV has not been found in sweat (38). 


The primary routes of transmission are through sexual 
contact; parenteral exposure to blood, blood products, or 
blood-containing body fluids; and maternofetal transmis- 
sion at birth. 

HIV is not transmissible through casual contact, swimming 
pools, mosquitoes, saliva, sweat, tears, urine, feces, or inani- 
mate object (13). 

With the advances in diagnoses and treatment, the transmis- 
sion rate has dropped from 92% in the early 1980 to 5% in 
2008. This means that at the onset of the epidemic in the 
1980s, 92 of 100 HIV-positive patients transmitted the dis- 
ease to uninfected individuals; the rate is now less than 5 per 
100 HIV-positive patients (73). 

There are currently no reports of transmission of HIV from 
an athlete to a health care provider on the sidelines or in the 
training room. The theoretical risk to the athletic health care 
provider is based on data on health care professionals ex- 
posed to HIV by needlestick and is estimated at 0.3%. There 
have been several reports of health care workers who have 
contracted HIV from infected blood splashed onto their 
mucous membranes. This is extremely rare and requires 


prolonged exposure to large amounts of blood; the risk has 
been estimated at approximately 0.1%. The risk of transmis- 
sion following exposure to nonintact skin of HIV-infected 
blood is less than 0.1%, and small amounts of blood on in- 
tact skin pose no risk (25,73). 

E No transmission of HIV during sports has ever been docu- 
mented. However, two reports of transmission of HIV dur- 
ing bloody fistfights have been verified by the CDC (19). In 
determining theoretical risk of on-field HIV transmission, 
the following are necessary: (a) the presence of an infected 
athlete; (b) a bleeding wound or exudative skin lesion in the 
infected athlete; (c) a skin lesion or exposed mucous mem- 
brane on a susceptible athlete; and (d) sustained contact be- 
tween the portal of entry on the susceptible athlete and the 
infective material (13,43). 

The potential risk of HIV transmission during professional 
football has been estimated at less than 1 per 85 million game 
contacts (4). 


E Athletes are more at risk of contracting HIV from nonath- 
letic activities. Off-of-the-field situations in which athletes 
may more commonly put themselves at risk for contract- 
ing HIV include: sexual contact, use of injectable steroids or 
other drugs with shared needles or paraphernalia, tattoos, 
and body piercings. 

E There is a higher proportion of risky lifestyle behaviors 
among intercollegiate male athletes compared to nonathletes. 
These include number of sexual partners, sexual activity, 
intravenous drug use, and episodes of sexually transmitted 
diseases (51). Although female intercollegiate athletes also 
show high levels of risky health behaviors, this is less than 
nonathlete peers (35). 

E In the realm of the professional athlete, the rate of risky 
behavior is unknown, but anecdotal evidence suggests that 
their celebrity status may lead to higher risks (33). 





TESTING 


Screening Test 


m HIV antibodies are low or absent in the first few weeks of 
infection but are usually present within 6 weeks. However, 
antibody production may not be detectable until 6 months 
after infection. Therefore, antibody testing following possible 
exposure is recommended at 6 weeks, 3 months, 6 months, 
and 1 year (16). 

E The most common screening test is the enzyme-linked im- 
munosorbent assay (ELISA), which can identify HIV anti- 
bodies in the blood with a sensitivity of up to 99.5%. If the 
ELISA test is positive, it is automatically repeated. If the sec- 
ond screen is positive, infection is confirmed by the Western 
blot analysis, which identifies antibodies to proteins of a 
specific molecular weight. It is only after these confirma- 
tory tests are positive that an HIV antibody test should be 
reported as being positive. 
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E The U.S. Food and Drug Administration recently approved 
four rapid HIV antibody tests (28). The OraQuick Advance 
Rapid test of oral fluid and blood has a sensitivity of 99.6% 
and specificity of 99.8%-100.0%. The Reveal G-2 Rapid 
HIV-1 test of serum or plasma has a sensitivity of 99.9% and 
specificity of 98.6%—99.1%. The Uni-Gold Recombigen test 
of serum, plasma, and whole blood hasa sensitivity of 100.0% 
and specificity of 99.8%. The Multispot HIV-1/HIV-2 test of 
serum and plasma has a sensitivity of 100.0% and specificity 
of 99.93%. 

E Detection of p24 core antigen is possible 1-3 weeks after 
exposure. It is only present for a short interval and thus has 
been largely replaced by HIV RNA or DNA viral load to de- 
termine recent HIV exposure. 


Confirmatory Testing 


E HIV viral load is performed via polymerase chain reaction 
or branched DNA testing and is useful at detecting recent 
exposure as well as monitoring response to treatment. 

E It is suggested that a baseline measurement be obtained at 
the time of diagnosis and then rechecked within 2-8 weeks 
of initiating or changing treatment. Viral loads are then fol- 
lowed every 3—4 months. 

E Viral genotype and phenotypic resistance assays may be used 
to guide specific antiretroviral therapy. 

H T-cell tests can identify the total CD4 count and the CD4:CD8 
ratio in the blood, which can assist with HIV diagnosis, man- 
agement, and treatment and the initiation of prophylaxis 
therapy for opportunistic infections (24). Normal CD4 cell 
counts range from 500-1,600 cells + pL~'. CD4 levels rang- 
ing from 200-500 cells - L~' are considered low, and levels 
below 200 cells + wL~! are considered extremely low and di- 
agnostic of AIDS. Most experts recommend initiation of an- 
tiretroviral therapy if the CD4 level is below 350 cells - wL~'. 
The normal CD4:CD8 ratio is 30%—60%; if the ratio is less 
than 14%, it is considered diagnostic of AIDS. 


Mandatory Testing in Sports 


E The American College of Sports Medicine, National Colle- 
giate Athletic Association (NCAA), Canadian Academy of 
Sport and Exercise Medicine, CDC, International Federation 
of Sports Medicine, International Olympic Committee, and 
the World Health Organization do not recommend man- 
datory screening of athletes for HIV. Any testing that is 
performed must be accompanied by pre- and posttest coun- 
seling, incorporate confidentiality measures, address the fre- 
quency of testing, and adhere to local and federal law. 

E The 1993 survey of NCAA institutions concerning HIV/AIDS 
policies found that routine HIV testing for athletes occurred 
in 4% of institutions and only two were mandatory (44). 


E None of the four major professional sports leagues in North 
America (NFL, NBA, MLB, or NHL) have adopted manda- 
tory HIV testing, but they do recommend routine screening 


for athletes engaging in high-risk behaviors. In the NFL, the 
New York Giants and the Philadelphia Eagles reportedly 
tested players and personnel in 1991 and 1992 despite some 
of the players being unaware of the testing (33). 

In 1988, the Nevada Boxing Commission mandated HIV 
testing for all boxers fighting in Nevada, and a positive result 
would disqualify a boxer from fighting. Numerous boxing 
commissions followed the lead, and currently boxers with a 
positive HIV test are not allowed to box in the United States, 
although several have fought in other countries (19). 


TREATMENT 





General Recommendations 


E Treatment regimens of HIV-positive patients focus on 


improving overall general health and slowing the disease 
progression. Treatment goals should include suppression of 
viral replication and evolution of resistant strains, increased 
CD4 cell counts, prevention of disease progression, improved 
energy levels, maintenance of a healthy weight, improvement 
in quality of life, and prolongation of overall survival. 

In addition to engaging in a regular exercise program, 
other general health measures should be reinforced. Eating 
a healthy, well-balanced diet with high carbohydrates and 
moderate protein and avoidance of saturated fats and cho- 
lesterol is recommended. The HIV-positive patient should 
be encouraged to obtain adequate sleep, stop smoking, use 
alcohol in moderation, lose weight if obese, and treat other 
medical diseases such as hypertension and diabetes. 


Highly Active Antiretroviral Therapy 


E Highly active antiretroviral therapy (HAART), including 


nucleoside reverse transcriptase inhibitors, nonnucleoside 
reverse transcriptase inhibitors, and protease inhibitors, 
is the cornerstone of treatment of HIV-infected patients. 
Many drug protocols have been developed, and there are a 
number of combined medications available to decrease the 
number of pills that must be consumed. The ultimate goals 
of HAART are to optimize the immune system and decrease 
viral load while minimizing the toxicity and development of 
drug-resistant HIV strains. The main effect of these agents is 
to suppress viral replication. This allows the immune system 
to recover and delays and protects the infected individual 
from developing AIDS (66). 

Treatment regimens are constantly changing to achieve these 
goals, and thus consultation with HIV experts is necessary. 


Current guidelines now recommend initiation of HAART 
when CD4 counts drop to 350 cells + ~L~' and may be given 
with counts of 350-500 cells - wL~! (66). Earlier treatment 
may improve immunologic and virologic outcomes but may 
also increase drug toxicity and the rate of development of 
drug resistance. Only 20%, 26%, and 46% of those starting 
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HAART with CD4 counts of less than 50, 50-200, and 200- 
350 cells - L~, respectively, achieved cell counts over 800 
cells + L`! 7 years after initiation of therapy. If CD4 cell 
counts were 350-500 or over 500 cells + wL~', the rates im- 
proved to 73% and 87%, respectively (27). 

E ‘Treatment may also be considered in those with high viral 
loads, rapidly decreasing CD4 cell counts, or low CD4 percent- 
age. Deaths from non-AIDS causes are increased with lower 
CD4 cell counts. Those on intermittent HAART had higher 
rates of cardiovascular, renal, hepatic, and pancreatic disease 
than those on continuous HAART. Patients must adhere to an- 
tiretroviral regimens to obtain optimum outcome (1,65,66). 

E Drug toxicities include myopathy, neuropathy, pancreatitis, 
cardiomyopathy, bone marrow suppression, nephrotoxicity, 
lactic acidosis with hepatic steatosis, osteonecrosis, osteopo- 
rosis, insulin resistance, hyperglycemia, hyperlipidemia, and 
lipodystrophy. All of these, even in their mildest forms, could 
have adverse effects on athletic performance (9,61,63,70). 


E The fusion inhibitors enfuvirtide, maraviroc, cenicriviroc, and 
ibalizumab may prove to be a tremendous advancement in 
HIV therapy. These attach to cell surface proteins of the CD4 
cells or HIV to prevent the virus from entering the immune 
system. This may be especially beneficial in the treatment of 
drug-resistant HIV. Current drawbacks include subcutaneous 
administration, cost, and experimental status (61). 


Other Medications and Supplements 


E ‘Testosterone supplementation (transdermal or injection) 
has been used to improve hypogonadism, loss of lean body 
mass and muscle wasting, and increased visceral fat in HIV- 
positive males. Injection of 300 mg of testosterone enanthate 
for 16 weeks resulted in significant increase in lean body mass, 
strength, mental health, and quality-of-life scores compared to 
placebo; however, walking speed, stair climbing ability, fatigue, 
and mood scores were no different between the groups (34,48). 

E Growth hormone and the growth hormone analog tesamo- 
relin have been shown to decrease visceral fat and increase 
lean mass in HIV-positive patients suffering from lipodys- 
trophy associated with use of antiviral therapies (2,48). Glu- 
tamine and arginine are amino acids essential for immune 
system function. Both are used during exercise, and deficien- 
cies may have a detrimental effect on tissue recovery and 
immune function. Supplementation may improve cytokine 
profile and immunologic function in HIV-positive patients. 
High-dose arginine supplementation (12 g + d~') may in- 
crease weight gain in HIV-positive patients and may benefit 
those suffering from chronic or acute infection (20). Prelim- 
inary studies have shown that cysteine supplementation in 
HIV-positive individuals may slow disease progression and 
prevent muscle wasting, but further research is needed be- 
fore recommendations can be made (14). 

E Creatine supplementation during a 14-week resistance exercise 
program in HIV-positive patients resulted in nonsignificant 
increase in lean body mass but no difference in strength gains 


compared to placebo. Both groups had improved muscle size, 
strength, and overall function. Creatine supplementation may 
be considered in HIV-positive patients engaged in resistance 
training (67). 

Oral nutritional supplementation may increase protein synthe- 
sis, body weight, and fat mass in HIV-positive individuals (39). 
Future therapy for HIV treatment and prevention will focus 
on the development of new antiretroviral agents, genetic en- 
gineering, stem cell research, immunotherapy, and vaccine 
therapy (62). 





HIV AND EXERCISE 





Effects of Exercise on the Healthy 
Immune System 


Physical and psychological stresses are known to alter 
immune function. 


Brisk exercise, as short as 30 seconds in duration, causes an 
increase in leukocyte, monocyte, lymphocyte, and natural 
killer cell count. This increase is due to increased cardiac 
output; displacement of leukocytes from reserve pools in the 
lung, liver, and spleen; and release of epinephrine in response 
to exercise. Natural killer cell function increases due to the 
release of cytokines; this response is blunted as a person 
adapts to the exercise load (16). 

Lymphocytosis during exercise is brief, and the lymphocyte 
count will drop within 5 minutes of exercise cessation. The 
levels fall below baseline over the next hour due to cortisol 
effects, which after exercise is no longer opposed by epineph- 
rine. The lymphocyte count gradually returns to baseline 
within 24 hours (16). 


During exercise, leukocyte count gradually increases as a 
result of cortisol release; cortisol causes demargination of 
leukocytes as well as release from bone marrow. These levels 
return to baseline in about 24 hours. Strenuous exercise also 
evokes an acute-phase reactant response with activation of 
complement and release of tumor necrosis factor, interfer- 
ons, interleukins, and other cytokines (16). 

Chronic exercise with periods of intense training can have 
a negative effect on immune function. Natural killer cell 
count and leukocyte function have been shown to decline 
in swimmers and runners during periods of intense train- 
ing. Overtraining is also associated with an increase in upper 
respiratory tract and gastrointestinal infections (42). 


Effects of Exercise on the Immune System of 
HIV-Positive Patients 


Moderate exercise improves immune response in HIV-positive 
subjects. Aerobic exercise increases CD4 levels in asymptom- 
atic HIV-positive patients. Individuals with advanced stages 
of HIV infection may experience increased CD4 counts and 
CD4:CD8 ratio in response to aerobic exercise (16). 
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E At rest, HIV-positive patients have lower antioxidant activity 
(glutathione S-transferase) compared to noninfected con- 
trols, but following aerobic and resistance exercise, the levels 
are the same (11). 

E Intense exercise may impair the ability of HIV-positive 
patients to mobilize neutrophils and natural killer cells. This 
has been shown in response to 1 hour of exercise at 75% 
VOomax and after 20 minutes of aerobics followed by a set of 
six resistance exercises (11,72). 


Effects of Exercise on HIV-Positive Patients 


E There are a number of nonimmunologic effects of HIV that 
may impair the ability to exercise and must be taken into 
account when prescribing an exercise program for HIV- 
positive athletes and patients. These include cardiac effects 
(decreased VOomax due to deconditioning, which may be re- 
versible with aerobic training), pulmonary effects (opportu- 
nistic pulmonary infections may have restrictive ventilatory 
effects), hematologic effects (anemia due directly to HIV 
disease or as an adverse effect of medications may decrease 
VOomax and lower the lactic acidosis threshold), and mus- 
cular effects (some medications may induce mitochondrial 
myopathies or cause resting lactic acidosis) (69). 

E A recent systematic review concluded that although there 
are limited, high-quality exercise studies in HIV-positive pa- 
tients, aerobic exercise decreases body fat and improves lipid 
profiles, whereas resistance training increases body mass and 
strength (21). 


Effects of Aerobic Exercise on HIV-Positive Patients 


E Numerous studies and systematic reviews have concluded 
that 20 minutes of aerobic exercise, three times per week, for 
as little as 5 weeks improve oxygen consumption, body com- 
position, insulin sensitivity, and depressive and other psy- 
chological symptoms (9,11,29,37,40,54). This is especially 
important in the older HIV-positive patient. In a recent study, 
12 HIV-positive males, age 40—49 had near-normal VOomaxs 
whereas 20 HIV-positive males over age 50 had a 40% de- 
crease in VOomax Compared to age-matched controls (57). 

E Participation in a 6-month cardiorespiratory exercise pro- 
gram was shown to decrease body fat, total cholesterol, 
triglycerides, and glucose levels and increase VOzmax in 
HIV-positive patients in Rwanda, providing an economical 
treatment to improve overall patient health (59). 

E The addition of three times weekly participation in 1-hour 
gym classes along with monthly counseling sessions for 
6 months has been shown to significantly improve qual- 
ity of life compared with monthly counseling alone in 
HIV-positive patients (56). Adherence to an aerobic exer- 
cise program has been shown to be improved more when 
HIV-positive patient have better overall general health, 
whereas perceived self-efficacy and expected outcome are 
not predictive of continued exercise. Thus, it is important 
to recommend exercise early in the disease course (58). In 
addition, simple adherence to a 10-week aerobic exercise 


program improves perception of well-being of HIV-positive 
patients (60). 

HIV-positive patients who self-report being physically active 
have less central body fat compared to sedentary controls (23). 
Eighteen obese HIV-positive females treated with a 12-week 
program of aerobic exercise and decreased calorie intake 
had less visceral and subcutaneous fat and improved overall 
strength, fitness, and quality of life but no change in levels of 
blood glucose, insulin, lipids, tissue plasminogen activator, 
or plasminogen activator inhibitor and no change in insulin 
sensitivity. Although exercise improves overall health, this 
study suggests that additional interventions may be neces- 
sary to decrease the risk of diabetes and cardiovascular dis- 
ease in obese HIV-positive females (17). 


Effects of Resistance Exercise on HIV-Positive Patients 


Weightlifting exercise training increases muscle mass, 
strength, function, and insulin sensitivity and decreases body 
fat in HIV-positive individuals without causing additional 
adverse effects. It may be useful to combat AIDS-related 
muscle wasting and should be recommended for athletes 
with HIV (13,29,40,55). 

The addition of a 16-week resistance training program 
decreased body mass index and improved lipid profile, had 
a variable effect on CD4 cell counts, but did not affect viral 
load in a small series of HIV patients (45). 

A recent study of HIV-positive patients over the age of 60 
engaged in 1 year of resistance exercises twice weekly had 
improvement in strength, glucose control, and lipid profiles 
compared to nonexercising controls. This effect was most 
marked if the patients were not on protease inhibitors, and 
the exercises resulted in no additional adverse effects (68). 


Effects of Combined Aerobic and Resistance Exercise on 
HIV-Positive Patients 


Early studies found that involvement in either an aerobic or 
resistance weight-training regimen in HIV-positive patients 
will increase lean mass, upper and lower extremity strength, 
and VOomax (41). The combination of aerobic and resistance 
exercise should further improve overall health; however, the 
precise recommendations are difficult based on the available 
research. It does appear that combined programs are safe 
for HIV-positive patients of either sex at nearly any age, and 
there will be significant overall improvement in health. 
Systematic reviews have concluded that combining aerobic 
exercise with progressive resistance exercise in HIV-positive 
patients resulted in no additional health benefits beyond 
those achieved with either program alone (21,29,55,64). 
However, as little as 6 weeks of combined aerobic and re- 
sistance exercise significantly improved endurance, exercise 
time to exhaustion, and VOomax of HIV-positive patients 
compared to nonexercising controls (30). A study of 40 HIV- 
positive males over age 18 randomized to twice weekly 
aerobic and resistance exercise or unsupervised walking 
program found greater decreases in resting heart rate and 
improved overall health and cognition in those participating 
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in the combined program (22). In addition, a 16-week pilot 
study of five HIV-positive patients engaged in 20 minutes 
of aerobics three times weekly and resistance exercise of 
8-10 repetitions of seven exercises two times weekly showed 
increased aerobic capacity, total body weight, and lean body 
mass; decreased truncal fat and triglycerides; and improved 
insulin sensitivity (64). 

A recent 12-week study of exercise (three sets of 12 repeti- 
tion of five resistance exercises, 30 minutes of aerobics, and 
10 minutes of general stretching three times weekly) in 
27 HIV-positive patients on HAART showed significant im- 
provement in muscle and aerobic fitness and life satisfaction 
with no alteration of CD4 cell counts compared to nonexer- 
cising controls (18). 


Forty HIV-positive females were randomized to either par- 
ticipate in a 16-week combined home-based aerobic and 
resistance exercise program or maintain current lifestyle. 
Those in the exercise group had significant improvement in 
lean mass, strength, and endurance but no change in lipid 
profile, blood pressure, or visceral fat compared to the con- 
trol group (12). 


HIV-positive patients participating in 30 minutes each of 
aerobic and resistance exercise had higher levels of growth 
hormone and interleukin-6 and lower levels of cortisol and 
tissue necrosis factor than those completing 60 minutes of 
aerobics only (15). 


HIV-positive prisoners coinfected with hepatitis C engaged 
in a 4-month trial of aerobic and strength training had 
improvement in overall fitness and strength compared to 
controls (59). 


Twelve HIV-positive children, with an average age of 15 years, 
completed a 24-session supervised aerobic and resistance ex- 
ercise program followed by a home-based maintenance pro- 
gram and had improvement in lean body mass, strength, and 
endurance with no adverse effects (47). Two females, 10 and 
17 years of age with lifelong HIV infection, were engaged 
in a 12-week hospital-based aerobic and strength program 
and experienced significant increases in muscle mass and 
strength and a decrease in body fat with no adverse effects 
(46). These studies suggest that exercise has overall health 
benefits with minimal risk in young HIV-positive patients. 


Effects of Exercise on the Adverse Effects of HIV Therapy 


Æ Aerobic exercise has been shown to improve insulin sensitiv- 


ity and decrease central adiposity in HIV-positive patients on 
HAART (50,74). However, HIV-positive patients on HAART 
have also been shown to have decreased lipolysis and fatty 
acid oxidation during moderate aerobic exercise compared 
to those not on medications; this further complicates the 
treatment of HAART-associated central adiposity (6). 


Thirty HIV-positive patients with HAART-associated lipo- 
dystrophy were randomized to a low-fat diet with the addi- 
tion of either a 12-week moderate aerobic exercise program 
or a stretching and relaxation program. Those on the aerobic 
program had improvement in VOzmax but no change in body 
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weight, body fat, or lipid profile compared to the stretching 
and relaxation group (71). 

The addition of metformin to an aerobic exercise program 
may further improve central lipodystrophy (48). 


Aerobic exercise improves quality of life in patients on 
HAART (50). 


Miscellaneous Effects of Exercise on HIV-Positive Patients 


Exercise lowers anxiety and tension levels in HIV-positive 
individuals (37). 

Yoga and meditation improve overall well-being and have 
resulted in decreased blood pressure in those with cardio- 
vascular disease (3,7). Exercise has not shown benefit in 
the treatment of peripheral neuropathy in HIV-positive 
patients (53). 


Exercise Recommendations for HIV-Positive 
Athletes 


Moderate exercise is beneficial to the physical and psycho- 
logical well-being of the HIV-positive patient, but strenu- 
ous exercise may be detrimental (19). Although the exercise 
demands of high-level and professional athletes may be safe 
and beneficial, the possible psychological stress must be 
assessed on an individual basis (16). 


A complete physical exam should be performed to assess the 
overall health and status of HIV infection before beginning 
an exercise program. Measurements of lymphocyte levels, 
CD4 levels, CD4:CD8 ratio, and viral load should be ob- 
tained. Cardiopulmonary exercise testing with gas exchange 
measurements should be considered before determining an 
exercise prescription, especially in patients with low CD4 
counts or high viral loads (16,69). HIV-infected individu- 
als should begin exercising while healthy and attempt to 
maintain their exercise program. HIV-infected persons can 
use exercise to help manage their illness and improve their 
quality of life. 


For healthy, asymptomatic, HIV-positive individuals, un- 
restricted exercise is acceptable. Avoidance of overtraining 
should be emphasized. Stress related to competition should 
be minimized. Moderate exercise (40%-60% VOzmax) OF 
heavy aerobic exercise (60%-80% VOzmax) can be recom- 
mended depending on patient preference and motiva- 
tion. An exercise program prescription should include 
30-60 minutes of aerobic exercise most days of the week 
with resistance training 2-5 days per week depending on 
the routine. 


For individuals with advanced HIV infection with mild to 
moderate symptoms or lower CD4 counts (< 200), compe- 
tition, restrictive training schedules, and exhaustive exercise 
should be avoided. Physical activity and moderate exercise 
training should be encouraged under close supervision. 
Athletes with frank AIDS may remain active on a symptom- 
related basis but should avoid strenuous exercise and reduce 
or stop training during acute illness. 
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Recommendations and Restrictions for the 
HIV-Positive Athlete 


The most widely used recommendations regarding restric- 
tion of the HIV-positive athlete from competition come 
from the American Academy of Pediatrics (AAP) and the 
NCAA (31,52). 

E AAP recommendations: Athletes infected with HIV should 
be allowed to participate in all competitive sports. Physi- 
cians should respect the right to confidentiality including 
not disclosing infection status to participants or to staff of 
athletic programs. Physicians should counsel the known 
HIV-infected athlete of the theoretical risk of contaminat- 
ing others during sports involving blood exposure, especially 
wrestling and boxing. Physicians should strongly encourage 
the HIV-positive athlete to consider another sport (31). 

E The NCAA recommendations state that HIV-positive stu- 
dent athletes should be allowed to participate in intercol- 
legiate athletics based on the individual’s health status. The 
athlete should be allowed to play if asymptomatic with no 
evidence of immunodeficiency. However, the intensity of 
training and stress of competition should be taken into ac- 
count to prevent the deterioration of the athlete’s health sta- 
tus (52). Despite this recommendation, a number of NCAA 
institutions may restrict the HIV-positive athlete from par- 
ticipation in selected sports (44). 

E HIV-positive boxers are not allowed to box in any U.S. state 
or territory, are stripped of their title, and must relinquish 
any championship belt. While not specifically barred from 
participation in the four major professional sports in North 
America, given the demands of training and competition on 
overall health, adverse effects of therapy, and theoretical risk 
of transmission, most experts recommend against continued 
participation (16,19). 





PREVENTION 





E Physicians should educate athletes about risky behaviors 
and consider HIV testing on a voluntary basis. Education 
should include discussions on abstinence, safe sex, and use 
of shared needles or personal items such as razors, clippers, 
and earrings that may be contaminated with blood. Partici- 
pation in the Mathare Youth Soccer Association in Kenya, 
which emphasizes education and sports participation, has 
been shown to decrease high-risk behavior such as unpro- 
tected sexual activity and drug abuse (10). 

Œ Coaches and athletic trainers should receive training in uni- 
versal precautions and prevention of HIV transmission. The 
Occupational Safety and Health Administration (OSHA) has 
standards concerning occupational exposure to bloodborne 
pathogens, which are applicable to the athletic training room. 

E Athletes with skin wounds and potentially infectious skin 
lesions should be securely covered with bandages and wraps 
before competition. 


Athletes participating in sports with extensive skin-to-skin 
contact (i.e., wrestling) should be excluded from matches or 
practice when skin wounds or lesions are contagious or can- 
not be securely covered. 

Ambu bags and oral airways should be available for use for 
cardiopulmonary resuscitation. 

Athletic trainers and health care personnel should use dis- 
posable, preferably sterile, examination gloves when treat- 
ing athletes who are bleeding. Hands should be washed after 
glove removal. 


Immediate treatment is indicated when an athlete sustains 
a laceration or wound with substantial bleeding. The blood 
should be washed off thoroughly with soap and water. Emer- 
gency care should not be delayed if gloves are not available. 
A bulky towel may be used to cover the wound until an off- 
the-field location is reached and gloves can be used for de- 
finitive treatment. The athlete should be allowed to return 
only after the bleeding is controlled and the wound has been 
securely covered or wrapped. 

Small amounts of dried blood on uniforms or equipment 
do not constitute a risk for transmission and do not warrant 
changing. However, if uniforms or equipment appear wet 
with blood or if blood has penetrated both sides of the uni- 
form fabric, it should be changed at the next stoppage of play. 
After each practice or game, any uniforms or equipment soiled 
with blood should be laundered using standard laundry cycles. 


Disposable towels or absorbent cleaning material should be 
used to clean environmental surfaces. Clean with soap and 
water, a germicide registered with the Environmental Protec- 
tion Agency, or a 1/100 dilution of bleach in tap water (1 cup 
of bleach to 4 gallons of water). 

Receptacles should be available for uniforms soiled with 
bodily fluids. Sharps containers should be used for needles 
or scalpel blades. 

Rules forbidding activities such as biting, scratching, fight- 
ing, or other unsportsmanlike behaviors that may lead to 
bloody contact should be strictly enforced (31,43,52). 


Circumcision has also been suggested as a method to de- 
crease the spread of HIV infection (62). 





ETHICAL AND LEGAL IMPLICATIONS 





Mandatory Testing 


E Does the proposed testing policy serve an ethically accept- 


able purpose? The protection of the HIV-infected athlete and 
the protection of uninfected athletes from transmission are 
ethical purposes. Using test results for discrimination against 
HIV-infected athletes is unethical. 

Is mandatory testing necessary and effective for achieving 
that purpose? Because HIV transmission on the playing field 
has never been documented and the risk is theoretically low, 
mandatory testing is not necessary. 
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E Does mandatory testing violate the individual rights of the 
athlete? Mandatory testing does violate the individual ath- 
lete’s right to privacy, but the question for the professional 
athlete is if this intrusion is permitted under the collective 
bargaining agreement of that profession. 

E Arguments in favor of permitting violations of the right to 
privacy cite existing exceptions to HIV testing without con- 
sent including criminal justice settings, life insurance under- 
writing purposes, defense department and military recruits, 
immigrants to the United States, State Department foreign 
service personnel, and the Federal Bureau of Prisons for 
prison inmates. 


Œ A professional team player contract defines the conse- 
quences of failure to maintain physical fitness or pass the 
preseason medical exam, which may include suspension or 
termination. Proponents of mandatory testing argue that 
the acceptance of their contract negates any invasion of pri- 
vacy. It can be argued that the player’s privacy is no more 
violated by HIV testing than by other routine medical tests 
required by team and league policies. It can also be argued 
that the team owner should know the overall health status 
of a player who may be signed to a long-term, multimillion- 
dollar contract. 


E Professional boxers are subjected to mandatory HIV testing 
to theoretically protect the safety of the infected athlete or 
other competitors, and the mandatory testing program has 
yet to be contested in court (19). 


E However, most law theorists conclude that mandatory test- 
ing is both unethical and illegal (33). 


Competition Exclusion 


E Courts have ruled that without sufficient medical reason, an 
HIV-positive athlete cannot be excluded from sports partici- 
pation (School Board of Nassau County, Florida vs. Arline, 
480. U.S. 273 [1987]). 

E The Americans with Disabilities Act and the Rehabilitation 
Act of 1973 do not allow discrimination against people who 
have contagious diseases who are otherwise qualified to par- 
ticipate. Concern regarding the potentially harmful effects 
of competition on the immune system of the HIV-positive 
athlete has not been viewed as legally valid grounds for 
exclusion from sanctioned athletic events (33). 


Œ Courts have permitted schools to prohibit HIV-positive stu- 
dents from school-sponsored contact sports because of the 
perceived risk of transmission (Doe vs. Dolton Elementary 
School District Number 148, 694 F supp. 440 [1988]) and 
have upheld the decision to exclude an HIV-positive athlete 
from contact karate (Montalov vs. Radcliffe, 167 F. 3d 873 
[4th Cir. 1999], cert. Denied, 120 S Ct. 48 1999). 


E Ruben Palacio won the World Boxing Organization Feather- 
weight World Championship in 1993 after 12 years in box- 
ing. On the eve of his first title defense, he was subjected to 
mandatory HIV testing and tested positive. They stripped 
him of his title and refused to allow him to compete. Other 


boxers have suffered a similar fate, being forced to retire from 
their sport (33). 

In cases in which HIV-positive individuals fail to disclose 
their status to sexual partners, the courts have ruled in fa- 
vor of the plaintiff and have fined and sentenced the HIV- 
positive individual to prison. Canadian Football League 
Saskatchewan Roughriders player Trevis Smith, who played 
professional football while he was HIV positive, was con- 
victed of sexual assault and sentenced to 6 years in prison for 
failure to disclose his HIV status to a sexual partner (5). If an 
athlete fails to disclose their HIV-positive status and infects 
another player on the playing field, it is not known how the 
court may respond (33). 
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Abdominal bracing, 494 
Abdominal core muscles, 494 
Abdominal cramping, in triathlons, 726 
Abdominal injuries, 88 
in baseball, 576 
in gymnastics, 642 
in ice hockey, 651 
in lacrosse, 669 
in tennis, 716 
Abdominal pain 
exercise-related transient, 242, 246 
in triathlons, 726 
bduction-external rotation (ABER) position, in shoulder MRI, 305f, 306 
bductor digiti quinti muscle (ADQ), 472f, 473f 
bductor hallucis muscle (AHM), 473 
brasions, 181 
in lacrosse, 667 
bsolute intensity, 28 
buse, substance, 555-556, 555t 
Accessory bone, 15 
Accessory ossicles, 762 
Acclimation, to exercise routine, 80 
Acclimatization, to heat and humidity, 282 
Accommodative orthotics, 534 
Acetabular labral tear, 412 
MRI of, 399 
Acetabuloplasty, rehabilitation after, 572-573 
Achilles tendon injuries 
insertional tendinitis, 452 
MRI of, 405 
prolotherapy for, 509-510 
by sport 
in alpine skiing, rupture, 689 
in dance, tendinopathy, 609 
in figure skating 
tears, 624 
tendinosis, 624 
in running, tendinopathy, 682 
in soccer, tendinopathy, 697 
Acne mechanica, 181 
Acquired immunodeficiency syndrome (AIDS), 806. See also Human 
immunodeficiency virus (HIV) infection 
Acromioclavicular (AC) joint 
anatomy and biomechanics of, 334-336, 335f 
injections into, 524 
ligaments of, 335-336, 336f 
motion at, 334-335, 335f 
radiography of, 336 
in wheelchair athlete, abnormalities of, 787 
Acromioclavicular (AC) joint injuries, 18-19 
classification of, 336-338, 337f 
epidemiology of, 334 
history and physical examination in, 339-340, 340f, 341f 
mechanism of injury in, 338, 338f 
physical examination and radiographic correlation in, 340-342, 341f, 342f 
radiologic evaluation of, 338-339, 339f, 340f 
by sport 
in football, sprain, 629-630 
in golf, 636 
in water polo, sprain, 737 
surgery for, 320 
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Al 
Al 
Al 
Al 
Al 
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treatment of, 342-344 
anatomic coracoclavicular ligament reconstruction, 343-344 
arthroscopic suture fixation, 344 
distal clavicle excision with soft tissue reconstruction, 343 
general, 342-343 
nonoperative, 343 
operative, 343 
postoperative care, 344 
primary AC joint repair, 343 
Acromioclavicular (AC) joint separation 
in alpine skiing, 688 
in bicycling, 603 
in ice hockey, 651 
in lacrosse, 668 
MRI of, 307 
in rugby, 674 
Acromion morphology, 19 
Actin, 21, 741 
Active-assisted range of motion, 15 
Active commuting, 19 
Active motion, 15 
Activity, physical, 19. See also Exercise 
Activity prescription. See Exercise prescription 
Acupuncture, 489, 567 
Acute adrenal crisis, 222 
Acute mountain illness, 283-284, 284t 
Acute mountain sickness (AMS) 
in alpine skiing and snowboarding, 688, 690 
in disabled athlete, 790 
Acute renal failure, 189, 190-191 
Adaptation, 265 
Adaptive skills, 781 
Adductor avulsion syndrome, MRI of, 399 
Adductor muscle injuries 
in ice hockey, strain, 652 
in soccer, tendinopathy, 698 
in tennis, strain, 720 
Adenosine triphosphate (ATP), 66 
in immediate (phosphagen) cycle, 67f, 68, 68t 
Adhesive capsulitis, MRI of, 306, 307f 
Administrative responsibilities, 3 
Adolescent medial tennis elbow, 722 
Adrenal crisis, acute, 222 
Adrenal gland anatomy 
adrenal cortex, 221 
adrenal medulla, 222 
Adrenal gland disorders 
acute adrenal crisis, 222 
adrenal insufficiency, 221—222 
Adson’s test, 389 
Aerobic capacity, in exercise testing, 140 
Aerobic energy, in triathlons, 728 
Aerobic energy system, 67f, 68, 68t 
Aerobic exercise. See also specific types 
in HIV-infected, 810-811 
training effects of, 63-64 
Aerobic fitness, 497 
Aerobic metabolism, 497 
Aerobic power, maximal, 26 
Aeroneck, in triathlons, 726 
Afferent pathway, 128 
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Afterload, diving on, 616 
Agility, in clearance to play, 3 
Aging. See Geriatric athlete 
Aid climbing, 656 
Aiders, 656 
Alanine aminotransferase (ALT), elevated, 246-247 
Albuterol, 500 
for asthma, 250 
Alcohol, 160 
Alcohol use and dependence, 555-556, 555t, 556t 
Alcohol Use Disorders Identification Test (AUDIT-C), 555-556, 555t 
Alcohol withdrawal, 555, 556t 
Alignment, 17 
Alkaline phosphatase, elevated, 246-247 
Allergen immunotherapy (AIT), 250t, 259 
Allergic diseases, 256-263 
anaphylactic and anaphylactoid reactions, 261-263 
epidemiology of, 256 
evaluation of, 262-263, 262t 
exercise-induced anaphylaxis in, 187 
management of, 263 
pathophysiology of, 261-262, 262t 
conjunctivitis, 259, 259t 
epidemiology of, 256 
rhinitis, 256-259 (See also Rhinitis) 
urticaria and angioedema, 259-261 
evaluation of, 261 
management of, 261 
pathophysiology of, 259-261, 260t 
Allergic rhinitis, 256 
allergy testing for, 258-259 
epidemiology of, 256 
management of 
allergen immunotherapy in, 250t, 259 
athlete-specific medication issues in, 258 
medical therapy in, 256-258, 257f, 257t, 258t 
testing for, 258-259 
Allergic shiners, 256 
Allergy testing, 258-259 
Allograft, 15 
Allograft bone grafts, 42 
All or none law, 21 
Alpine climbing, 655 
Alpine skiing, 688-690 
biomechanics of, 688 
epidemiology of, 688 
injuries in 
ankle and foot, 689 
environmental and altitude, 689-690 
forearm, 688-689 
head and spinal cord, 689 
knee, 689 
shoulder, 688 
thumb, 689 
tibia and fibula fractures, 689 
wrist and hand, 688 
injury prevention in, 690 
participation in, 688 
Alpine skiing helmets, 688 
Altitude illness, 283—284, 284t 
Aluminum U-shaped splint, 551 
Amenorrhea, 776-778, 777£ 
American Academy of Pediatrics recommendations, on baseball, 577-578 
American College of Sports Medicine, rules and position statements of, 3 
American Medical Association Ligament Injury Classification, 19 
American Medical Society for Sports Medicine, rules and position statements of, 3 
Amino acids, in energy metabolism, 67f, 68, 68t 
Amino acid supplements, branched-chain, 74 
Amphetamines, 498t, 502 
Amputations, traumatic, 89 
Amputees. See Disabled athlete 
Anabolic-androgenic steroids, 160. See also Ergogenic aids 
as banned substances, 498 
in cancer, athlete with, 803 
cancer risk from, 798 
as ergogenic aids, 498t, 499, 499t 
Anaerobic energy, in triathlons, 728 
Anaerobic fitness, 497 
ANAM, 165-166 
Anaphylactic and anaphylactoid reactions, 85-86, 261-263 
epidemiology of, 256 
evaluation of, 262-263, 262t 


exercise-induced anaphylaxis in, 187 
management of, 263 
pathophysiology of, 261-262, 262t 
Anatomic axis, of lower extremity, 15 
Androstenedione 
abuse of, 226-227 
as ergogenic aid, 498t, 499-500 
Anemia, 229 
athletic pseudoanemia vs., 229 
from blood loss, 230 
iron deficiency, 229-230 
Anesthetic injections, 522, 523t. See also Injections; specific anesthetics 
by disorder 
for carpal tunnel syndrome, 525 
for de Quervain tenosynovitis, 525 
for iliotibial band syndrome, 526 
for lateral epicondylitis, 525 
for Morton neuroma, 527 
for pes anserine bursitis, 526 
for trigger finger, 525 
for trochanteric bursitis, 525-526 
by location 
into acromioclavicular joint, 524 
into ankle joint, 526-527 
into glenohumeral joint, 524 
into knee joint, 526 
into myofascial trigger points, 527 
into plantar fascia, 527 
into subacromial space, 524 
Aneurysm, midaxillary artery, in baseball, 576-577 
Angioedema, 259-261 
evaluation of, 261 
management of, 261 
pathophysiology of, 259-261 
Angiofibroblastic hyperplasia, 436 
Angiofibroblastic proliferation, 364 
Angulation, 17 
Anisotropy, 122 
Ankle 
anatomy of, 440 
bracing for, 547, 548 
diagnostic radiography of, 120 
injections into, 526-527 
joint mechanics of, 440 
MRI of, 403—406, 404f—406f 
sagittal movement of, 145 
tendons of, 405 
Ankle braces, 547, 548, 583 
in basketball, 583 
types and uses of, 547 
Ankle Brostrom-Gould procedure, rehabilitation after, 572 
Ankle fractures, 455—457 
classification of, 456, 456t 
epidemiology of, 455 
physical examination of, 455 
radiographic examination of, 455 
stress and insufficiency, MRI of, 404 
treatment of, 456—457 
Ankle impingement syndromes, MRI of, 405—406 
Ankle injuries. See also specific types 
in alpine skiing, 688 
in basketball, 583, 583t, 584f 
in figure skating, 624 
in lacrosse, 666—667 
musculoskeletal ultrasound for, 125 
in snowboarding, 689 
in soccer, 697 
in swimming, 713 
in tennis, 721 
in volleyball, 732-733 
Ankle instability, 440-445 
anatomy of, 440 
chronic, 445 
diagnostic tests for, 441 
grading of, 442, 443t 
imaging of, 442 
injury prevention in, 441 
vs. pain, 444f, 445 
pathophysiology of 
injury mechanisms in, 440 
joint mechanics in, 440 
ligament in, 441 








physical examination in, 441 
treatment of 
initial, 443 
postoperative care in, 445 
surgical, 445 
Ankle leashes, 708 
Ankle pain 
chronic, 444—445, 444f 
in soccer, 697 
vs. instability, 444f, 445 
Ankle replacement, athlete with, 792-797. See also Total joint replacement, 
athlete with 
Ankle splint, posterior, 551 
Ankle sprain. See also Ankle instability 
definition of, 440 
injury mechanisms in, 440 
injury prevention in, 440 
braces for, 547 
orthotics for, 534 
by sport 
in gymnastics, 640—641 
in ice hockey, 652 
in soccer, 697 
in softball, 704 
in tennis, 721 
in volleyball, 732-733 
syndesmotic (high), 440, 443 
taping for, 540-542, 541f-543f 
Ankle taping, 583 
Anorexia nervosa, 554-555, 554t 
on teeth, 210 
Anterior compartment syndrome, in pediatric athlete, 758 
Anterior cruciate ligament (ACL), 422 
anatomy of, 422 
in children, 425 
evaluation of, 423—424 
in knee stability, 416 
management of, 424 
natural history of, 424 
Anterior cruciate ligament (ACL) injuries 
mechanism of, 423 
MRI of, tear, 401—402, 401f 
by sport 
in alpine skiing, 688 
in basketball, 583 
in football, tear, 628 
in gymnastics, 641 
in ice hockey, 652 
in lacrosse, 666 
in soccer, 697, 698 
in softball, sprains, 704 
Anterior cruciate ligament (ACL) reconstruction, rehabilitation after, 570-571 
“Anterior drawer effect,” 689 
Anterior drawer test, 424, 441 
for ankle fractures, 455 
Anterior impingement syndrome, in dance, 609 
Anterior inferior iliac spine (AIIS) avulsion, in pediatric athlete, 758 
Anterior interosseous nerve syndrome, 393 
Anterior longitudinal ligament (ALL), 298 
Anterior superior iliac spine (ASIS) avulsion, in pediatric athlete, 758 
Anterior talofibular ligament (ATFL), 440 
Anterior talofibular ligament (ATFL) injuries 
in lacrosse, 666 
in soccer, 697 
in tennis, sprains, 721 
Anterior tarsal tunnel syndrome (ATTS), 474f, 475f, 479 
Anterior tibial compartment syndrome, in soccer, 698 
Anterior tibial diaphysis stress fracture, 467 
in running, 683 
Anticholinergics, for asthma, 250 
Antidiuretic hormone (ADH), 225 
Antihistamines, for allergic rhinitis, 257, 258t 
Anti-inflammatory adaptations, of aerobic exercise, 64 
Antioxidants, 74 
Anxiety, performance, 557-558 
AO classification, 456, 456t 
Apical abscess, 208 
Apophyseal injuries, 408 
avulsion, in pediatric athlete, 758 
stress, of medial epicondyle, MRI of, 308 
Apophysis, 15, 758 
Apophysitis, 15 
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Apposition, 17 
Apprehension sign, 431 
A2 pulley injury, in climbing, 657-659 
Aquagenic urticaria, 260, 260t 
Arcade of Frohse nerve entrapment, 395 
Arch weave, 540, 541f 
Arcuate ligament, 423 
Arm cast 
long, 551 
short, 551 
Arnica, 565 
Arrhythmia. See Dysrhythmia; specific types 
Arrhythmogenic right ventricular cardiomyopathy (ARVC) 
screening for, 110 
sudden cardiac death and, 173 
Arterial gas embolism (AGE), 612, 613f, 613t 
Arterial thoracic outlet syndrome (ATOS), 388-389 
Arteriovenous oxygen difference, 136-137 
Arthritis, 15 
platelet-rich plasma therapy for, 517-518 
Arthrography 
strengths and weaknesses of, 116 
uses of, 117 
Arthropathy, 15 
Arthroscopic debridement and lavage, for articular cartilage injury, 31, 32t 
Arthrosis, 15 
Articular anatomy, of thoracic and lumbar spine, 298 
Articular cartilage, 30 
diagnostic imaging of, 118 
healing response of, 30 
Articular cartilage injury, 30-36 
basic science of, 30 
epidemiology of, 30 
future direction in, 36 
grading of, 31, 31t 
patient evaluation in, 30-31 
treatment of 
decision making in, 35-36, 36f 
nonsurgical, 31 
surgical, 31-35 
arthroscopic debridement and lavage in, 31, 32t 
autologous chondrocyte implantation in, 34-35, 35t 
fragment fixation in, 31-32 
marrow-stimulating techniques in, 32, 33t 
osteochondral autograft in, 32, 34, 34t 
Articular cartilage lesions, 19 
Artifacts, in musculoskeletal ultrasound, 123 
Arts, performing. See Performing arts 
Ascent, 611 
Aseptic necrosis of the lunate, in volleyball, 733 
Aspartate aminotransferase (AST), elevated, 246-247 
Asthma, 248-252 
diagnosis of, 248 
diving with, 617-618 
epidemiology of, 248 
exercise-induced, 156, 251—252, 274 
challenge tests for, 274 
direct, 252 
indirect, 251—252 
clinical presentation of, 251 
diagnosis of, 251 
epidemiology of, 251 
exercise and, 273—274 
management of 
nonpharmacologic, 252 
pharmacologic, 252 
pathophysiology of, 251 
treatment of, 252 
management of, 250-251 
allergen immunotherapy in, 250t, 259 
exercise prescription in, 250-251 
goal of, 250 
long-term controllers in, 249-250 
short-acting agents in, 250 
stepwise approach to, 248, 250, 250t 
severity classification of, 248, 249t 
sports clearance with, 114t 
in swimming, 713 
Athlete-physician relationship, 12 
Athletic heart syndrome, 172-173, 173t 
Athletic nodules, 181 
Athletic pseudoanemia, 229 
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Athletic pseudonephritis, 189, 190 equipment in, 577 
Athletic pubalgia, 399, 409-410 injuries in, associated 
Athletic taping. See Taping abdominal, 576 
Atlantoaxial instability (AAI), 112t eye, 576 
in Down syndrome, 783 midaxillary artery aneurysm, 576-577 
Atrophy, 15 oral cancer, 576 
Attenuation, 121, 122 injuries in, catastrophic, 100 
AUDIT-C, 555-556, 555t injuries in, common 
Auditory exostoses, 202 Bennett lesion, 576 
Auricular hematoma, 83, 88, 201, 736 commotio cordis, 576 
in water polo, 736 head, 576 
in wrestling, 753 instability, 575 
Autograft, 15 little leaguer’s elbow, 576 
osteochondral, for articular cartilage injury, 32, 34, 34t olecranon stress fracture, 576 
Autologous blood, 513 osteochondritis dissecans, 576 
Autologous bone grafts, 42 rotator cuff, 575 
Autologous chondrocyte implantation, for articular cartilage injury, superior labral, 575-576 
34-35, 35t ulnar collateral ligament, 576 
Autologous conditioned serum, 514 ulnar neuritis, 576 
Autologous growth factor therapies, 512 valgus extension overload, 576 
Automated external defibrillator (AED), 634 injury prevention in, 577 
Automated Neuropsychological Assessment Metric (ANAM), 165-166 Little League, 577 
Autonomic dysreflexia, in spinal cord injury athlete, 789 protective equipment, 82 
Autonomy, athlete’s, 6 rehabilitation in, 577 
Avascular necrosis (AVN), 15. See also Osteochondroses throwing in, 575 
MRI of, 309 Baseball finger, 18, 310, 370 
in hip, 399—400, 400f Bases 
of navicular bone, 763 breakaway, 82, 705 
Aviator’s astragalus, 18 runner’s, 705 
Avulsed tooth, 208 traditional stationary, 82 
Avulsion fracture, 15, 17 Basic fibroblast growth factor (BFGF), 52 
Axes, of lower extremity Basketball, 579-583 
anatomic, 15 cardiac issues in 
mechanical, 15 hypertension, 580 
Axial loading, cervical spine, 293 hypertrophic cardiomyopathy, 580-581 
Axial resolution, 122 Marfan syndrome, 580, 581t 
Axillary nerve, 390 sudden cardiac death, 580 
Axillary nerve entrapment, 390-391 concussion in, 579-580 
Axillary nerve injury (neuropathy), 314 dermatologic issues in, 579 
in contact sports, 48 epidemiology of, 579 
in throwing sports, 48 history and popularity of, 579 
Axon, 45 injuries in 
Axonal injury, diffuse, 289 ankle and foot, 583, 583t, 584f 
Axonotmesis, 19, 45, 129, 129t facial and oral, 581 
knee, 582—583 
lower extremity, 582 
Back spine and pelvic, 581-582 
bracing for, 548 upper extremity, 582 
innervation of muscles of, 298 protective equipment for, 83 
low (See Low back pain) sprain in, 579 
Back injuries Batting helmet face masks, 705 
in basketball, 581—582 Battle’s sign, 200 
in bicycling, 604 Baumann’s angle, 360 
in climbing, 658 Beach volleyball, 734 
in ice hockey, 651 Bee stings, 187 
in rowing, 593 Behavioral health services, specialty, 559 
in tennis, 715-716 Bench press, 744 
in wrestling, 754 Beneficence, 6 
Back pain, in tennis, 715 Bennett fracture, 18, 380 
Bacterial skin infection Bennett lesion, 354 
erythrasma, 185 in baseball, 576 
furunculosis, 184-185 Berg Prediction Rule, 212 
impetigo, 184 B2-adrenergic receptor agonists, as ergogenic aids, 498t, 500 
MRSA, 184, 185, 755 B-alanine, 73 
pitted keratolysis, 185 Bias, 16 
Balance, in core strengthening, 494 Biceps (shoulder) 
Ballet dancing, 607-610. See also Dance anatomy of, 349 
Balneotherapy, 485 function of, 349 
Bankart lesion pathologic conditions of, 349-350 
MRI of, 304, 305f Biceps curls, 744 
operative treatment for, 315 Biceps femoris tendinopathy, in bicycling, 604 
Bareback, 693-694, 693t Biceps injuries 
Barefoot running, 532 epidemiology of, 349 
Barotrauma impingement, 350 
definition of, 611 shoulder tears, 349-350 
ear and sinus, 611—612, 613t Biceps Popeye muscle, 350 
pulmonary, 612, 613t Biceps tendon injuries 
Barrel racing, women’s, 693t, 694 rupture, MRI of, 308 
Bars, sport, 74 subluxation, 349—350 
Barton fracture, 18 tendinosis, 349-350 
Baseball, 575—578 tendonitis 
American Academy of Pediatrics recommendations on, 577-578 in tennis, 716-717 


elbow and shoulder anatomy in, 575 in water polo, 737 


Bicycle helmet, 605 
Bicycling, 601-605 
bicycle anatomy in, 601—603, 602f 
epidemiology of, 601 
equipment and safety in, 605 
injuries in 
back overuse, 604 
environmental, 605 
epidemiology of, 603 
foot/ankle overuse, 605 
hand overuse, 604 
head traumatic, 603 
hip overuse, 605 
knee overuse, 604 
neck overuse, 604 
perineum overuse, 605 
skin traumatic, 603 
upper extremity traumatic, 603 
vascular overuse, 605 
visceral traumatic, 604 
joint load in, 795, 796t 
participation in, 601 
training errors in, 605 
in triathlons, 725-731 (See also Bicycling) 
types of 
BMxX/trick cycling, 601 
cyclocross, 601 
mountain biking, 601 
road cycling, 601 
touring/commuting, 601 
Bike-Run-Ick, 725 
Bilateral contract, 9 
Bilateral strengthening, 60 
Biomarkers, 19 
Biomechanical orthotics, 534 
Biopsychosocial model, for injury rehabilitation, 558-559, 559t 
Bipartite patella, 430 
“Bird dog” core-strengthening exercise, 495, 495f 
Bite mouthguard, 209 
Black heel, 181 
Black toenail, 181-182 
Bladder injuries, 193 
Blade-related injuries, in figure skating, 623 
Blades, for figure skating, 622 
Blake orthotics, 535 
Bleeding disorder, sports clearance with, 112t 
Bleeding timeout, 752 
Blisters, 182 
in basketball, 579 
in gymnastics, 642 
in lacrosse, 667 
in rowing, 594-595 
Blocker’s exostosis, in lacrosse, 667 
Blood, autologous, 513 
Bloodborne infections, 215-216 
Blood doping, 160 
as ergogenic aid, 498t, 500 
erythrocytosis from, 231 
Blood loss 
anemia from, 230 
in exertional hemolysis, 230 
gastrointestinal, 230 
menstrual, 230 
Blood pressure, 269 
assessment of, 108 
exercise and, 270-271 
in exercise testing, 140 
Blowout fracture, orbital floor, in water polo, 736 
BMX cycling, 601. See also Bicycling 
Body composition, on performance, 497 
Body, of nerve cell, 45 
Boil mouthguard, 209 
Bone 
accessory, 15 
anatomy of, 39-40 
biochemistry of, 40 
cells of, 39 
composition of, 40 
diagnostic imaging of, 118 
long, 15 
metabolism of, regulators of, 40 
sesamoid, 16 
short, 16 
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supernumerary, 15 
types of, 39-40 
cancellous (trabecular), 40 
cortical, 39—40 
lamellar (secondary), 39 
woven (primary), 39 
Bone bruise, 15 
Bone grafts 
allograft, 42 
autologous, 42 
bone void fillers, 43 
Bone healing, 40-41 
physical stimulation therapies for, 43 
Bone marrow 
autogenous, 42 
MRI of abnormalities of, 309 
Bone marrow edema, in knee, 401, 401f 
Bone mineral density (BMD). See also Female athlete triad 
exercise and, 272-273 
low, in female athlete, 778-779 
Bone morphogenic proteins (BMPs), 40, 42 
Bone scanning 
radionuclide 
strengths and weaknesses of, 117 
uses of, 118 
triple-phase, for compartment syndrome, 154 
Bone void fillers, 43 
Bonking, 725 
Bony Bankart lesion, MRI of, 304, 305f 
Bony stress reaction, 467 
Boot 
high-top walking, 551 
skating, 622 
Boot lace laceration, in ice hockey, 652 
Boot-related injuries, in figure skating, 623 
Borg scale, 25 
Bottom time, 611 
Bouldering, 655, 656 
Boutonniére deformity, 370-371 
Boxer’s fracture, 18 
Boxer’s knuckles, 371 
Boxing, 586-589 
amateur vs. professional, 586, 587t 
bout termination in, conditions for, 588 
epidemiology of injuries in, 589 
postbout examination in, 589 
precompetition phase of, 586-588, 587t 
ringside observation in, 588 
ringside physician responsibilities in, 586 
unconscious (“stricken”) boxer management in, 588-589 
Box jellyfish stings, 709 
Braces, 547 
ankle, in basketball, 583 
for shoulder instability, 314 
Brachial plexus nerve entrapment, 387 
Brachial plexus neurapraxia, in football, 631 
Bracing 
evidence on, current, 548 
indications for 
for ankle, 547, 548 
for back, 548 
general, 547 
for hip, 548 
for knee, 547-548 
prophylactic, 547 
rehabilitative, 547 
selection of, 547 
Brain edema, malignant, 289 
Brain injury, traumatic 
in alpine skiing and snowboarding, 688 
in basketball, 579-580 
in boxing, 589 
in ice hockey, 650 
in soccer, 699 
in volleyball, 734 
Branched-chain amino acids (BCAAs), 74 
Breakaway bases, 82, 705 
Breast cancer prevention, exercise for, 800, 801, 801t 
Breaststroker’s knee, 712 
Breathing 
mouth, 211 
nasal, 211 
Breathing reserve (BR), 23 
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Brick, 725 

Brick training, 727 

Bronchiectasis, in children, 274-275 
Bronchitis, acute, 212 

Bronchopulmonary dysplasia, in children, 274 


Bronchospasm, exercise-induced. See Exercise-induced bronchoconstriction/ 


bronchospasm (EIB) 
Brostrom procedure, 445 
Bruise, bone, 15 
Bucket handle tear, 402—403, 417 
Buckle (torus) fracture, 18 
definition of, 758 
in pediatric athlete, 758-759 
Buck teeth, 208 
Buddy taping, 551 
Bulimia nervosa, 554—555, 554t, 774-776, 775t 
on teeth, 210 
Bull rider helmet, 694 
Bull riding, 692-695, 693t 
events and rules of, 694 
history of, 693 
participants and organizations in, 693 
sport medicine for, 693 
Bunion deformity, 453 
Bupivacaine injections, 520-527. See also Injections 
Burn, turf, 81 
Burners, 47—48, 87, 631 
epidemiology of, 292 
Erb’s point in, 387 
management of, 294 
shoulder, in lacrosse, 668 
Bursa 
diagnostic imaging of, 118 
pes anserine, 438 
prepatellar, 437 
retrocalcaneal, 452 
Bursitis, 15, 437 
calcific, 119 
coracoacromial, in water polo, 737 
foot, in figure skating, 623-624 
greater trochanter, in cross-country skiing, 598 
olecranon 
in ice hockey, 651 
in lacrosse, 668 
in wheelchair athlete, 788 
pes anserine, 438, 526 
in bicycling, 604 
prepatellar, 437—438 
in wrestling, 754 
retrocalcaneal, 452 
in soccer, 697 
subacromial 
in water polo, 737 
in wheelchair athlete, 787 
trochanteric, 525-526 
in bicycling, 605 
Butterfly fragment, 17 
Buttonhole deformity, 370-371 


Cadence 
bicycle, 603 
gait, 144 
Caffeine, 160 
as ergogenic aid, 498t, 501 
as supplement, 73 
in triathlons, 728 
Calcaneal apophysitis 
in gymnastics, 641 
in pediatric athlete, 760 
in soccer, 697 
in tennis, in adolescents, 722 


Calcaneal fibular ligament (CFL) injury, in soccer, 697 


Calcaneal nerve entrapment, 133t 
Calcaneal stress fractures, 468 


Calcaneal tuberosity Haglund deformity, in figure skating, 624 


Calcaneocuboid joint, 459 
Calcaneofibular ligament (CFL), 440 
Calcaneofibular ligament (CFL) injuries 
in lacrosse, 666 
in tennis, sprains, 721 
Calcaneus, 458 
Calcaneus fractures, 458—459, 460f 


Calcific bursitis, 119 
Calcific deposits, diagnostic imaging of, 119 
Calcific tendinitis, in posterosuperior glenoid impingement, 319 
Calcitonin, 40, 224 
Calcium, in bone health, 224 
Calcium intake, for bone mineral density, 778 
Calf injuries 
in soccer, medial strain, 697 
ultrasound for, 124-125 
Calf raises, 744 
Calluses, 182 
Cancellous bone, 40 
Cancellous bone graft, autologous, 42 
Cancer, 798-803 
athletes at risk for, 798-799 
athletes with 
cancer-related fatigue in, 802 
ergogenic aids in, 803 
exercise benefits in, 800 
immune function in, 802-803 
pediatric, 802 
preparticipation evaluation in, 800 
musculoskeletal pain in, 799-800, 799t 
physician role in, 798 
prevention of, exercise for, 800-802, 801t 
screening for, 799 
sports clearance with, 113t 
survivors of 
exercise in, 798 
exercise participation in, 800 
Cancer-related fatigue, 802 
Capitate fractures, 377 
Capitellum 
fractures of, 362 
osteochondritis dissecans of, 362-363 
in gymnastics, 642 
in pediatric athletes, 760 
in water polo, 737 
osteochondroses of, 762 
Capitulum, 357 
Capsular injuries, in throwing shoulder, 354 
Capsular ligaments, 323, 324f 
Capsulitis, adhesive, MRI of, 306, 307f 
Captain of the ship doctrine, 10, 13 
Carbohydrate loading, 728 
Carbohydrates, 217 
dietary, in athletes, 68-69, 68f 
as fuel sources, 66 
ingestion of, in triathlons, 728-729 
manipulation of, 72 
Carbon dioxide production (VCO), 23 
Carbon monoxide, in indoor ice rinks, 652 
Cardiac arrest, 85 
Cardiac conditions, catastrophic injuries in, 96 
Cardiac conduction system abnormalities, screening for, 110 
Cardiac death, sudden. See Sudden cardiac death (SCD) 
Cardiac output, 136 
Cardiometabolic, 19 
Cardiomyopathy 
arrhythmogenic right ventricular, screening for, 110 
hypertrophic 
in basketball, 580-581 
catastrophic injuries in, 96 
screening for, 110 
sudden cardiac death and, 173 
Cardiorespiratory endurance training, recommendations for, 59-60 
Cardiovascular considerations, 172—179 
arrhythmias in, 178-179 
athletic heart syndrome in, 172-173, 173t 
coronary artery disease in, 178, 178t 
ECG changes in, 173, 173t 
exercise benefits in, 172 
exercise on conditions in, 172 
hypertension in, 177-178, 177t 
signs and symptoms in, 137, 138t 
sudden cardiac death in, 172, 173-175 
arrhythmogenic right ventricular cardiomyopathy in, 173 
in basketball, 580 
epidemiology of, 173 
etiologies of, 173 
exercise-related, 109-110, 172 
familial conditions in, 175 
in football, 634 





hypertrophic cardiomyopathy in, 173 
screening for prevention of, 109-110, 173-175, 174t 
syncope and exercise-associated collapse in, 175-176, 175t, 176f 
in triathlons, 726 
Cardiovascular system 
aerobic exercise on, 63—64 
diagnostic tests of, 109 
preparticipation assessment of, 103, 108 
Carditis, sports clearance with, 112t 
Caries, 209 
Carnosine, 73 
Carpal bone fracture, MRI of, 309 
Carpal instability, 367 
Carpal navicular fractures, in pediatric athlete, 759 
Carpal tunnel syndrome (CTS), 49, 393-394 
anesthetic and corticosteroid injections for, 525 
in bicycling, 604 
in musicians, 608 
in rowing, 594 
in wheelchair athlete, 788 
Cartilage 
articular, 30 
healing response of, 30 
injury to, 30-36 (See also Articular cartilage injury) 
diagnostic imaging of, 118 
Cartilage degeneration, from injections, 520-521 
Cartilage injury, articular, 30-36. See also Articular cartilage injury 
Case-control study, 17 
Casein, 73 
Case law, 10, 13 
Cassette, bicycle, 603 
Cast 
high-top walking boots, 551 
long arm, 551 
radial gutter, 550 
short arm, 551 
short leg, 551 
short leg walking, 551 
thumb spica, 551 
ulnar gutter, 550 
Casting 
advantages and disadvantages of, 549 
complications of, 550 
follow-up of, 550 
materials for, 549 
of orthotics, 535 
principles of, 549 
process of, general, 549-550 
vs. splinting, 549 
Catastrophic sports injuries, 96-101 
direct 
in baseball, 100 
in cheerleading, 99-100 
in football, 97-98 
in gymnastics, 101 
in ice hockey, 100 
in pole vaulting, 98 
in rugby, 101 
in soccer, 98 
in swimming, 100-101 
in wrestling, 98-99 
epidemiology of, 96 
in gymnastics, 640 
indirect 
cardiac conditions, 96 
definition of, 96 
heat illness, 97 
in lacrosse, 666 
organizations collecting data on, 96 
prevention tips for, 101 
Catecholamines, 222 
Cauda equina syndrome, 301 
Cauliflower ear, 83, 88, 201, 736 
in water polo, 736 
in wrestling, 753 
Cavitation, 486 
Cell body, nerve, 45 
Cellulitis, tooth, 208-209 
Center of mass, 145 
Center of mass kinematics, 145 
Center of pressure, 145 
Center of pressure trajectory, 145 
Centor Score, modified, 213 
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Centripetal obesity, 269 
Cerebral palsy 
exercise and, 273 
sports clearance with, 112t 
Cerebral vascular accident, exercise after, 271 
Cervical cord neurapraxia, 97 
in football, 630-631 
Cervical lordosis, 293 
Cervical radiculopathy, in string musicians, 607 
Cervical spine 
diagnostic radiography of, 119 
epidemiology of, 292 
functional anatomy of, 292 
hyperflexion and hyperextension of, 293 
pain in, 292 
sport-specific biomechanics of, 293 
Cervical spine injuries, 292-296 
clinical features of, 293 
diagnostic studies of, 294 
management of 
general, 294 
on-site acute, 294 
rehabilitation in, 294-295 
prevention of, 295-296 
return to play after, 295, 295t 
by sport 
in basketball, 582 
in football, 630-631 
brachial plexus neurapraxia, 631 
cervical cord neurapraxia, 630-631 
mechanism and epidemiology of, 630 
potential, management of, 631 
spear tackler’s spine, 631 
in ice hockey, 651 
in rodeo, 694 
in rugby, 674 
in swimming, strain, 713 
in water polo, 739 
hain wheels, bicycle, 603 
hance fracture, 18 
hange scores, 163—164 
hauffeur’s fracture, 18 
heek laceration, in water polo, 736, 739 
heerleading, catastrophic injuries in, 99-100 
heiralgia paresthetica, 395 
hemical irritation, in water polo, 736 
hest injuries 
in ice hockey, 651 
in wrestling, 754 
Chest wall injuries, in wrestling, 754 
Chilblains, 280 
Children. See Pediatric athlete 
Cc 
Cc 
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hlamydia, 216 

hlorine irritation, in water polo, 736 
“Chokes,” 614 

holesterol levels, aerobic exercise on, 64 
holinergic urticaria, 260, 260t 

hondral defect of knee, MRI of, 403, 403f 
hondral injuries, in soccer, 698 


hondrocytes, 30 

hondroitin, 565 

hondromalacia, 15 

hondromalacia patella 

in bicycling, 604 

in tennis, 720-721 

hondrosarcoma, 799t 

hondrosis, 15 

hopart dislocation, 18 

hopart fracture, 18 

hromium picolinate, 564 

hronic disease, exercise and, 269-275 

cerebral palsy, 273 

after cerebral vascular accident, 271 

chronic obstructive pulmonary disease, 275 

coronary artery disease, 271 

diabetes, 269-270 

epilepsy, 273 

exercise-induced asthma, 273—274 

exercise-induced bronchoconstriction, 273—274 

hypertension, 270-271 

lung disease in children 
bronchiectasis, 274—275 
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hondrocyte implantation, autologous, for articular cartilage injury, 34-35, 35t 
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Chronic disease, exercise and (continued) 
bronchopulmonary dysplasia, 274 
cystic fibrosis, 274 

obesity, 269 

osteoarthritis, 275 

osteoporosis, 272-273 

renal disease, 272 

thyroid disease, 272 
Chronic exertional compartment syndromes (CECS), 150 
clinical presentation of, 151 
pathophysiology of, 151 
Chronic kidney disease, exercise and, 272 
Chronic obstructive pulmonary disease (COPD) 
exercise and, 275 
fundamentals of, 252-253 
Chronic traumatic encephalopathy, in boxing, 589 
Ciguatera poisoning, 616 
Civil law, 9-10 
Classic athletic taping, 539 
C 


for sports by contact, 111, 111t 
Clavicle 
anatomy and biomechanics of, 329, 329f, 330f 
development of, 329 
Clavicle injuries 
etiology and forces in, 331, 331f, 332f 
fractures, 330-331, 330f, 331f 
in alpine skiing, 688 
in bicycling, 603 
in gymnastics, 642 
in ice hockey, 651 
in lacrosse, 668 
physical examination of, 331 
radiologic evaluation of, 332, 332f, 333f 
treatment of 
general, 332 
nonoperative, 332-334, 333f 
operative, 334, 334f 
Clavicle osteolysis, distal, in wheelchair athlete, 787 
Claw toe deformity, 476 
Clay-shoveler’s fracture, 18 
Clearance, medical 
form for, 107f, 111 
to play, 3 
in preparticipation physical examination, 111, 111t—114t 
for training, 62-63 
Clenbuterol, 498t, 500 
Climber’s back, 658 
Climber’s finger (A2 pulley), 657-659 
Climbing, 655-660 
evolution of, 655—656 
history of, 655 
injuries in 
accident/fall-related, 657 
A2 pulley, 657-659 
back, 658 
foot, 658 
gender and age on, 659 
overuse, 657 
in rock climbing, 657 
scope of, 656—657 
training, 658 
treatment of, 659 
by type of climbing, 658-659 
injury prevention in, 659-660 
training and famous climbers in, 656 
types of 
aid, 656 
alpine, 655 
ice, 655-656 
rock, 656 
solo, 656 
speed, 655-656 
sport, 655 
traditional, 655 
Climbing shoes, 658 
Clinical utility, 164 
Closed basket weave, 540-542, 541f-543f 
Closed fracture, 17 
Coach, rapport with, 4 
Coagulation abnormalities, 231-232 
Cocaine, 160 
Coccyx pads, for football, 82 





assification systems, 18-19. See also specific systems and topics 


Code of points, 639 
Cognition, in clearance to play, 3 


CogSport/Axon Sports Computerized Cognitive Assessment Tool (CCAT), 165-167 


Cohort study, 17 

Cold illness, in pediatric athlete, 763 
Cold-induced vasomotor rhinitis, 652 
Cold injury, in geriatric athlete, preventing, 772, 772t 
Cold therapies, 487—488 

Cold urticaria, 260, 260t 

Collagen fibrils, type I, 55 
Collagenomas, 181 

Collapse, exercise-associated 
evaluation of, 95 

syncope and, 175-176, 175t, 176f 
Collateral ligament injuries, 369-370 
Collegiate wrestling, 752 

Colles fracture, 18 

in alpine skiing, 688-689 


Collision sport participation guidelines, Torg and Ramsey-Emrhein, 295t 





Colon cancer prevention, exercise for, 801, 801t 
Combat sports, 590. See also specific types 
Comminuted fracture, 17 
Common peroneal nerve (CPN), 473f-475f, 478 
Common peroneal nerve (CPN) entrapment, 477—478 
Commonwealth of Kentucky vs. David Jason Stinson, 13 
Commotio cordis, 85, 100, 576 
in ice hockey, 651 
Communication 
active, 2-3 
responsibilities in, 3—4 
Commuting 
active, 19 
bicycle, 601 (See also Bicycling) 
Compartments, leg, 150-151, 151t, 448, 449f 
Compartment syndrome, 89, 150-151 
anterior, in pediatric athlete, 758 
anterior tibial, in soccer, 698 
from casting and splinting, 550 
clinical presentation of, 151 
exertional, 448—449, 448f 
chronic, 150 
in cross-country skiing, 598-599 
in running, 681—682 
pathophysiology of, 151 
in soccer, 698 
types of, 150-151, 151t 
Compartment syndrome testing, 150-154 
intracompartmental pressure in, 151-154 
in anterior compartment, 152-153 
differential diagnosis in, 153 
indications for, 151—152 
in lateral compartment, 153 
performance of, 152 
in posterior deep compartment, 153 
in posterior superficial compartment, 153 
other diagnostic options for, 153-154 
Compensation, 5 
Competition, team, 2 
Complementary and alternative medicine (CAM), 561-567 
advising patients on, 562-563 
athlete use of, 561—562 
definitions and terminology for, 561 
evidence on, current, 563—567 
acupuncture, 567 
chondroitin, 565 
chromium picolinate, 564 
creatine, 564—565 
ephedra, 563-564 
expectation, 566 
ginkgo leaf, 564 
ginseng (Panax), 565 
glucosamine sulfate, 566-567 
homeopathy (Arnica), 565 
locating, 562 
massage, 566 
pulsed electromagnetic field therapy, 564 
spinal manipulation, 566 
St. John’s wort, 564 
transcutaneous electrical nerve stimulation, 565-566 
internet resources on, 562t 
users of, 561 
Complete fractures, in pediatric athlete, 759 
Complex regional pain syndrome, 550 


Complex repetitive discharges (CRDs), 130 
Composition, body, aerobic exercise on, 64 
Compound motor action potential (CMAP), 129 
Compression fractures, 17 
osteoporotic thoracic vertebral, in elderly, 301 
Compression neuropathy, 451 
Computed tomography (CT) 
strengths and weaknesses of, 117 
uses of, 117-118 
Concentric muscle contraction, 24, 51, 741 
Concurrent validity, 163 
Concussion, head (cerebral), 86, 236-238, 285-288 
advanced outpatient testing for, 236 
complications of, 632—633 
definition of, 236, 285 
diagnosis and on-field evaluation of, 286, 287t, 288t 
diagnostic tests for, 109 
epidemiology of, 236, 285, 286t, 632 
evaluation of, 632 
history of, 103 
management of, 236-237, 288, 632 
neuroimaging of, 288, 288t 
neuropsychological testing in, 162-170 (See also Neuropsychological testing, 
in concussion) 
in pediatric athlete 
incidence of, 757 
management and return to play in, 757 
postconcussion syndrome after, 237, 288-289 
return to play after, 237, 237t, 287-288, 288t 
second impact syndrome and, 86-87, 238, 289 
sideline evaluation of, 236 
signs and symptoms of, 236 
by sport 
in basketball, 579-580. 
in figure skating, 626 
in football, 632-633 
in ice hockey, 650 
in lacrosse, 669 
in mixed martial arts, 592 
in rodeo, 694 
in rugby, 673 
in soccer, 98, 699 
in softball, 704 
in wrestling, 753 
Team Physician Consensus statement on, 162 
Zurich Consensus statement on, 162 
Conditioning. See Training and conditioning, exercise 
Conduction abnormalities and disturbances, 484 
in exercise testing, 140 
screening for, 110 
Confidence interval, 16 
Confidentiality, 7 
Conflict of interest, 7 
Confounding, 16 
Congenital heart disease, sports clearance with, 112t 
Conjunctival lacerations, 196 
Conjunctivitis, 214 
allergic, 259, 259t 
in swimming, 713 
Conoid ligament, 335, 336f 
Contact dermatitis, 186—187 
Contemplation, 79 
Continuous erythropoietin receptor activators, as ergogenic aids, 498t, 500 
Contraceptives, oral, cancer risk from, 798 
Contract, 11 
bilateral, 9 
definition of, 9 
expressed, 9 
implied, 9 
sports physician, 4-5 
unilateral, 9 
Contraction, muscle, 24, 51—52 
concentric, 24, 51, 741 
eccentric, 24, 51-52, 741-742 
isokinetic, 25, 742 
isometric (static), 24, 51, 742 
isotonic (dynamic), 24, 742 
physiology of, 21 
Contracture, flexion, 15 
Contraindications, to exercise 
absolute, 63 
relative, 63 
Contrast baths, 485 
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Controlled trial 
randomized, 17 
randomized, double-blind, 17 
Contusion injuries 
by location 
hip and pelvic, 409 
muscle, 54 
by sport 
in figure skating, 626 
in football, of thigh/quadriceps, 629 
in gymnastics 
of abdominal wall, 642 
of heel pad, 642 
in lacrosse, of lower extremity, 667—668 
in wrestling, of face and head, 753 
Conus medullaris syndrome, 301 
Convection, 484 
Conversion, energy, 484 
Cool-down, 61 
Coracoacromial bursitis, in water polo, 737 
Coracoacromial impingement, in water polo, 737 
Coracoacromial ligament thickening, in wheelchair athlete, 787 
Coracoclavicular ligament, 335, 336f 
Coral abrasions, in diving, 614 
Coral envenomation, in surfing, 709 
Core, 493 
Core injuries, in figure skating, 624-625 
Core muscles 
abdominals (transversus abdominis), 494 
diaphragm, 494 
local (paravertebral-multifidi), 493 
lower extremity, 494 
pelvic floor, 494 
polysegmental (erector spinae), 493 
quadratus lumborum, 494 
Coreshorts, 548 
Core strengthening, 493—495 
balance in, 494 
core muscles in, 493—494 
definition of, 493 
goals of, 494 
importance of, 493 
for low back pain, 495 
practical applications of, 494—495, 494f, 495f 
technique for, 494 
Corneal injuries 
abrasion, 87, 196 
in water polo, 736 
foreign body, 87 
laceration, 87, 196 
Corns, 182 
Coronary artery anomalies, congenital, 96 
screening for, 110 
Coronary artery disease (CAD) 
in athletes, 178, 178t 
exercise and, 271 
exercise testing for, 137, 141-142 
screening for, 110 
Coronary disease. See also specific types 
diving with, 616-617 
epidemiology of, 616 
Coronoid fractures, 362 
Cortical bone, 39—40 
Cortical bone graft, autologous, 42 
Corticosteroids 
for asthma, 249 
as ergogenic aids, 498t, 501 
for exercise-induced asthma, 251 
injections of, 522, 522t, 523t (See also Injections) 
by disease 
for carpal tunnel syndrome, 525 
for de Quervain tenosynovitis, 525 
for iliotibial band syndrome, 526 
for lateral epicondylitis, 525 
for Morton neuroma, 527 
for pes anserine bursitis, 526 
for trigger finger, 525 
for trochanteric bursitis, 525—526 
by location 
into acromioclavicular joint, 524 
into ankle joint, 526-527 
into glenohumeral joint, 524 
into knee joint, 526 
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Corticosteroids (continued) 
into plantar fascia, 527 
into subacromial space, 524 
recommended doses of, 523t 
nasal, for allergic/nonallergic rhinitis, 256-258, 257t 
potencies and solubilities of, 522t 
for tendon injuries, 56-57 
Costochondral separation, in wrestling, 754 
Costochondritis, 302 
Costoclavicular compression test, 389 
Costoclavicular ligament, 323, 324f 
Costoclavicular syndrome, 388 
Costotransverse joints, 298 
Costovertebral joint, 298 
Costovertebral joint pain, 302 
Cough 
in acute bronchitis, 212 
in pneumonia, 212-213 
Cowboys, 692 
Cowgirls, 692 
Coxa saltans, 411 
COX-2-—selective NSAIDs, 504 
Cramps 
heat, 90, 97 
muscle, 55 
Cranial nerve XI, 385-386 
Cranial nerve XI entrapment, 386 
Crank arm length, bicycle, 602, 602f 
C-reactive protein (CRP), exercise on, 271 
Creatine, 73, 498t, 501-502, 564-565 
for HIV-infected, 809 
Creatine phosphatase, elevated, 246-247 
Crew, 592-595 
injuries in 
dermatologic, 594-595 
low back pain, 593 
nerve entrapment syndromes, 594 
overuse knee, 593-594 
rib stress fracture, 594 
tendinopathy (patellar, quadriceps, forearm), 594 
mechanics and equipment in, 593 
training in, 593 
Cricothyroidotomy, 203-204, 204t 
Criminal law, 9 
Crimp grip, 658 
Critical power, 27 
Cromolyn sodium 
for allergic rhinitis, 258 
for asthma, 249 
for exercise-induced asthma, 251 
Crossbeam imaging, 122 
Cross-country skiing, 596—600 
biomechanics of 
diagonal (classic) technique, 596 
skating technique, 596 
skating vs. diagonal techniques, 597 
competition in, 596 
injuries and conditions in 
de Quervain tenosynovitis, 600 
exercise-induced asthma, 597—598 


exertional anterior compartment syndrome, 598-599 


greater trochanter bursitis, 598 
incidence of, 597 
injury patterns in, changing, 597 
peroneus tendon, 599 
retropatellar knee pain, 598 
sacroiliitis, 598 
skier’s thumb, 600 
skier’s toe, 599 
types of, 597 
Cross-section study, 17 
Cross-training, 62 
Crotchitis, in bicycling, 605 
“Crunch factor,’ 635—636 
Cryotherapy, 487—488 
Cubital tunnel syndrome, 397 
Cubitus varus, 361 
Cuboid fractures, 461 
Cuboid stress fracture, 468 
Cuneiform fractures, 461 
Cuneiform stress fracture, 468 
Cushion, shoe, 531, 532 
Cutting cones, 39 


Cycling. See Bicycling 

Cyclist’s palsy, 47 

Cyclocross, 601. See also Bicycling 
Cyclooxygenase (COX), 503 
Cyclooxygenase-1 (COX-1), 503 
Cyclooxygenase-2 (COX-2), 503 
Cystic fibrosis (CF), 253, 274 


Daily adjusted progressive resistance exercise (DAPRE), 743, 743t 


Dance, 607—610 
epidemiology of, 607 
injuries in, 609-610 
popularity and styles of, 608 
psychological disorders in, 610 
terminology in, 609 
Dancer’s fracture, 468, 609 
Dancer’s hip, 609 
Dancer’s tendonitis, 609 
Danis-Weber classification, 456, 456t 
DAPRE method, 743, 743t 
Dartfish Technologies software, 147—149 
Dashboard fracture, 18 
Dashboard injury, 425 
Dead arm, 353 


Debridement and lavage, arthroscopic, for articular cartilage injury, 31, 32t 


Decompression illness (DCI), 613t, 614 
Decompression sickness (DCS), 612-614, 613f, 613t 
Decompression stop, 611 
Deep heating 
low-power and pulsed electromagnetic field, 487 
shortwave diathermy, 487 
ultrasound, 486 
Deep peroneal nerve (DPN), 474f, 475f, 478, 479 
Deep peroneal nerve (DPN) entrapment, 479 
Deep-water soloing, 656 
Defendant, 10 
Degree of change, 163 
Dehydration 
effects of, 69 
in football, 633-634 
on neuropsychological testing in concussion, 170 
in pediatric athlete, 763 
physiology of, 729 
in triathlons, 729 
Dehydroepiandrosterone (DHEA), 226 
abuse of, 226-227 
as ergogenic aid, 498t, 499-500 
Delayed-onset muscle soreness (DOMS), 28, 53-54 
Delayed union, 17 
Deliveries, in baseball, 575 
DeLorme method, 742-743, 743t 
Deltoid ligament, 440 
Deltoid ligament injuries 
in lacrosse, 666 
sprains, 440 
Demi plié, 609 
Demyelination, neurapraxia with, 129, 129t 
Dental checkups, 209-210 
Dental decay, 209 
Dental injuries, 206-210 
anatomy of, 206, 207f 
epidemiology of, 206 
field-side assessment of, 206 
infection, 208-209 
prevention of, 209-210 
by sport 
in basketball, 581 
in ice hockey, 650 
in soccer, 699 
trauma, 208 
Dentin, 206, 207f 
Dependence 
exercise, 557 
substance, 555-556, 556t 
tobacco, 556—557, 557t 
Dependent variable, 17 
Depression fracture, 17 
Depth, on pressure in diving, 611, 612t 
de Quervain tenosynovitis, 372 
anesthetic and corticosteroid injections for, 525 
MRI of, 309 
by sport 





in bicycling, 604 
in cross-country skiing, 596 
in golf, 637 
in tennis, 719 
Dermatitis 
contact, 186-187 
seaweed, 615 
Dermatographism, symptomatic, 260t, 261 
Dermatology, 181-187 
contact dermatitis in, 186-187 
envenomation in, 187 
environmental injury in 
chilblain, 183-184 
cholinergic urticaria, 183 
cold urticaria, 184 
frostbite, 184 
frostnip, 184 
miliaria, 183 
solar urticaria, 183 
sunburn, 183 
exercise-induced anaphylaxis, 187 
green hair in, 187,714 
infectious injury in 
bacterial 
erythrasma, 185 
furunculosis, 184-185 
impetigo, 184 
MRSA, 184, 185, 755 
pitted keratolysis, 185 
epidemiology of, 184 
fungal 
onychomycosis, 186 
tinea corporis, 186 
tinea cruris, 186 
tinea pedis, 186 
tinea versicolor, 186 
viral 
herpes gladiatorum, 185-186 
molluscum contagiosum, 185 
verrucae, 185 
mechanical injury in, 181-183 
abrasions, 181 
acne mechanica, 181 
athletic nodules, 181 
black heel, 181 
black toenail, 181-182 
blisters, 182 
corns and calluses, 182 
follicular keloiditis, 182 
ingrown toenail, 182 
jogger’s nipples, 182 
piezogenic papules, 182-183 
rower’s rump, 183 
runner’s rump, 183 
seabather’s eruption in, 187 
sports clearance with skin disorders in, 114t 
swimmer’s itch in, 187 
Dermatophytosis, in basketball, 579 
Descent, 611 
Desensitization, 558 
Detraining, 62 
DHEA, 226 
abuse of, 226-227 
as ergogenic aid, 498t, 499-500 
Diabetes mellitus 
diving with, 618 
exercise and, 220, 269-270 
sports clearance with, 112t 
Diagnosis, active, 2-3 
Diagnostic imaging, 116—120. See also specific disorders and injuries 
of acute vs. overuse injury, 118-119 
of chronic sequelae to trauma, 119 
considerations in, 118 
modalities of, 116 
specific uses of, 117—118 
strengths and weaknesses of, 116-117 
site-specific plain radiography in, 119-120 
tissue of interest in, 118 
Diagnostic tests. See also specific disorders 
in preparticipation physical examination, 109 
Dial test, 427 
Diaphragmatic breathing, 558 
Diaphragm muscles, 494 
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Diaphysis, 15 
Diarrhea 
runner’s, 242, 245-246 
sports clearance with, 112t 
in triathlons, 726 
Diastasis, 17 
Diathermy 
low-power and pulsed electromagnetic field, 487 
shortwave diathermy, 487 
ultrasound, 486 
Dietary Supplement Health and Education Act (DSHEA), 497 
Diffuse axonal injury, 289 
Digital ischemia, chronic, 371 
Digital nerve compression, in rowing, 594 
Digital nerve entrapment, 394 
Dimple sign, 361 
Disabilities, intellectual, 781-784. See also Intellectual disabilities 
Disabled athlete, 786-790 
acute mountain sickness in, 790 
benefits for, 786 
groups and classifications of, 749-750 
injuries and complications in, 787 
injury rate and type in, 786 
with limb loss, major 
heterotopic ossification in, 788-789 
neuroma in, 789 
skin complications in, 788 
participation by, 786 
preparticipation assessment in, 786-787 
with spinal cord injury 
autonomic dysreflexia in, 789 
heterotopic ossification in, 789-790 
orthostatic hypotension in, 790 
osteoporosis in, 790 
skin breakdown in, 789 
spasticity in, 790 
thermoregulation in, 789 
wheelchair sports for, 749-751 (See also Wheelchair sports) 
wheelchair use by 
elbow injuries in, 788 
shoulder injuries in, 787-788 
upper limb fractures in, 788 
wrist injuries in, 788 
Disc herniation, thoracic and lumbar spine, 301 
Discoid lateral meniscus, 762 
Dislocation, 15. See also specific types 
Displacement, 17 
Disseminated intravascular coagulation (DIC), 231 
Distal clavicle osteolysis, in wheelchair athlete, 787 
Distal humerus fractures, 362 
Distal interphalangeal flexion injury, 18, 310, 370, 381 
in basketball, 582 
in football, 630 
Distal interphalangeal joint injuries, 369 
Distal phalangeal fractures, 381 
Distal phalanx of thumb fractures, in lacrosse, 669 
Distal radial nerve lesion, 395 
Distal radius fractures, 375—376 
physeal stress fractures, in pediatric athlete, 761-762 
Distraction, 17 
Dive medicine, 611-619 
conditions in 
decompression illness, 614 
decompression sickness, 612-614, 613f, 613t 
ear and sinus barotrauma, 611—612, 613t 
marine life exposures, 614—616, 615f 
pulmonary barotrauma, 612, 613t 
spontaneous pneumothorax, 618 
depth on pressure in, 611, 612t 
in elderly, 618-619 
epidemiology and exposures in, 611 
flying after diving in, 614 
preexisting conditions in 
asthma, 617-618 
common medical disorders, 616 
coronary disease, 616-617 
diabetes mellitus, 618 
patent foramen ovale, 617 
pregnancy, 779 
terminology in, 611 
Documentation, of medical care, 3 
Doping. See also Ergogenic aids; specific types 
blood, 160 
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Doping (continued) eating disorder not otherwise specified, 774, 775t 
as ergogenic aid, 498t, 500 in figure skating, 625 
erythrocytosis from, 231 sports clearance with, 112t 
with growth hormone, 224 Eccentric muscle contraction, 24, 51—52, 741-742 
testosterone, 226-227 Echinacea, 217 
United States Anti-Doping Agency (USADA) on, 159 Economy, exercise, 25 
World Anti-Doping Agency (WADA) on, 159 Ectopy, in exercise testing, 140 
Doppler imaging, 123 Efferent pathway, 128 
Dorsal extension-block splint, 551 Efficiency, work, 25 
Dorsal forearm splint, 551 Effort headaches, 239 
Dorsal impaction syndromes, wrist, 366 Effusion, 15 
Dorsal intercalated segmental instability (DISI) deformity, 367 Eggbeater kick, 735, 738 
Double-base, 705 Elbow 
Double-blind trial, 17 anatomy of, 575 
randomized controlled, 17 diagnostic radiography of, 119 
Double float, 144 functional anatomy of, 357 
Double product, 137 MRI of, 307-308, 308f 
Double sugar tong splint, 551 ossification centers of, 360 
Double support, 144 ossification of, pediatric, 575 
Down syndrome, 782-784 Elbow injuries 
Drinks articular lesions, 360 
caffeinated, 73 dislocations, 89, 642 
energy, 74 fractures, adult 
sport, 74 capitellar, 362 
Drop finger, 18, 310, 370 coronoid, 362 
Drowning, 714 distal humerus, 362 
Drugs. See also specific drugs epidemiology of, 360 
for infections, adverse effects of, 211—212 olecranon, 362 
medication prescribing and dispensing in, 12 radial head, 362 
performance enhancers, 160 fractures, pediatric, 360-362 
recreational, 160 medial epicondyle, 361 
testing for, 12 olecranon, 361 
therapeutic, 159-160 proximal radius, 361-362 
Drug testing, 159-161 radiographic evaluation of, 360 
drugs in supracondylar, 360-361 
overview of, 159 musculoskeletal ultrasound for, 125 
performance enhancers, 160 by sport 
recreational, 160 in golf, 636-637 
therapeutic, 159-160 in gymnastics, dislocations, 642 
indications for, 159 in ice hockey, 651 
institutional, 161 in rodeo, 694 
legal issues in, 161 in swimming, 712 
postseason, 160-161 in tennis, 717-719 
procedures in, 160 in water polo, 737-738 
public relations and, 161 in wheelchair athlete, 788 
regulating agencies in, 159 tendinosis, 364-365 
scope of problem in, 159 Elbow instability, 357-359 
techniques of, 161 epidemiology of, 357 
Drug use, 7. See also specific drugs history of, 357-358 
Duck diving, 707 imaging studies of, 358 
Duke Treadmill Score, 142 physical examination of, 358 
Durability, shoe, 532 treatment of 
Duration nonoperative, 358-359 
of cardiorespiratory endurance training, 60 operative, 359 
in cardiovascular endurance prescription, 79 Elbow pain 
in exercise prescription, 79 in climbers, treatment of, 659 
of muscular strength and resistance training, 60 in wheelchair athlete, 788 
Duties Elderly athlete. See Geriatric athlete; specific sports 
of team and athletes, 11 Electrocardiography (ECG) 
of team physician, 1, 10-11 abnormalities of, in athletes, 173, 173t 
Dynamic contractions, 24 in athletic heart syndrome, 173, 173t 
Dynamic electromyography, 131, 145-146, 146t in exercise testing, 140 
Dynamic splinting, 551 in preparticipation screening, 174-175 
Dysrhythmia. See also specific types Electrodiagnostic report, 134 
in athletes, 178-179 Electrodiagnostic testing (EDX), 128-134 
in exercise testing, 140 anatomy and, 128 
sports clearance with, 112t electrodiagnostic report in, 134 


fundamentals of, 128 
indications for, 131-132 


Ear barotrauma, 611-612, 613t limitations of, 132-133 

Ear injuries, 88, 200-202 nerve injury pathophysiology in, 128-129, 129t 
auditory exostoses, 202 nerve recovery and return to play in, 132 
auricular hematoma, 83, 88, 201, 736, 753 for specific conditions 
laceration, 200-201 focal entrapment neuropathies in runners, 133, 133t 
otitis externa, 201 pain complaints, 133 
tympanic membrane rupture, 202 peroneal nerve, 134 
in water polo, 736-737 tarsal tunnel syndrome, 134 
in wrestling, 753-754 tibial nerve, 133—134 

Ear protectors, for wrestling, 83 specific studies in 

Eating disorders, 774-776, 775t dynamic or quantitative electromyography, 131 
anorexia nervosa, 774-776, 775t late responses, 130 
bulimia nervosa, 774—776, 775t magnetic stimulation, 130 


in dance and performing arts, 610 needle examination, 130-131, 130t 


nerve conduction studies, 129-130, 129t 
overview of, 129 
provocation electrodiagnostics, 131 
timing of, 132, 132t 
uses of, 128 
Electrolytes 
in football, 633-634 
in sports nutrition, 70 
Electromagnetic fields, for bone healing, 43 
Electromyography (EMG) 
dynamic, 131, 145-146, 146t 
for nerve injury diagnosis, 45 
quantitative, 131 
surface, 146 
Electrotherapy, 488—489 
Emergencies. See also specific sports and types 
nonparticipant, 2 
planning for, 3 
Emergencies, field-side, 84—91 
approach to fallen athlete in, 84 
life-threatening/disabling injuries in, potential 
abdominal/pelvic, 88 
ear, 88 
environmental, 90-91, 90f 
genitourinary, 88 
head, 86-87 
musculoskeletal, 89 
nasal, 88 
neck, 87 
ophthalmologic (globe), 87-88 
splenic/hepatic, 88 
life-threatening injuries in, immediate, 84-86 
anaphylaxis, 85 
cardiac arrest, 85 
hemorrhage, severe, 86 
upper airway obstruction, 84-85 
Enamel, tooth, 206, 207f 
Encephalopathy, chronic traumatic, in boxing, 589 
Endocrine system, 220 
training on, 265 
Endocrinology, 220-227 
adrenal gland 
acute adrenal crisis, 222 
adrenal cortex, 221 
adrenal insufficiency, 221-222 
adrenal medulla, 222 
growth hormone 
deficiency of, 223-224 
doping and, 224 
function of, 223 
pancreatic hormones, 220 
parathyroid hormone, 224 
participation guidelines in, 221 
posterior pituitary hormones 
antidiuretic hormone, 225 
exercise-associated hyponatremia and, 225-226 
sex hormones 
estrogen, 226 
luteinizing hormone, 226 
testosterone, 226—227 
thyroid hormone 
function of, 222 
hyperthyroidism, 223 
hypothyroidism, 223 
vitamin D 
deficiency of, 224-225 
function of, 224 
Endometrial cancer prevention, exercise for, 801, 801t 
Endoneurium, 45 
Endosteum, 39 
End-plate fractures, vertebral, in pediatric athlete, 758 
End stage renal disease (ESRD), exercise and, 272 
Endurance 
estimating, 29 
muscle, local, weightlifting for, 746t 
Endurance athletes, cancer risk in, 799 
Endurance exercise 
age-associated reductions in performance in, 768, 768t 
on hypertension, 269 
Endurance phase, 61 
Endurance training 
adaptations to, 28 
cardiorespiratory, recommendations for, 59-60 
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Energy, 25 
Energy drinks, 74 
Energy expenditure (EE), 19, 25 
Energy metabolism, 66—68 
energy needs in, general, 66, 67t 
energy sources and stores in, 66, 67t 
energy systems in, 66—68, 67f, 68t 
fuel utilization determinants in, 68, 68f 
Energy systems, 66-68, 67f, 68t 
Envenomation, 187 
Environmental injuries, 90-91, 90f, 279-284 
altitude illness, 283—284, 284t 
frostbite, 280-281, 281t 
heat illness, 281—283, 283t 
hypothermia, 279-280, 280t 
skin 
chilblain, 183-184 
cholinergic urticaria, 183 
cold urticaria, 184 
frostbite, 184 
frostnip, 184 
miliaria, 183 
solar urticaria, 183 
sunburn, 183 
Ephedra, 563-564 
Ephedra alkaloids, 222, 502 
Ephedrine, 160, 498t, 502 
Epicondyle apophyseal stress injury, medial, MRI of, 308 
Epicondyle debridement/release, lateral, rehabilitation after, 574 
Epicondylitis, 364 
lateral (See Lateral epicondylitis [tennis elbow]) 
medial 
MRI of, 308 
by sport 
in golf, 636 
in lacrosse, 667 
in tennis, 718 
MRI of, 307-308 
Epidural hematoma, 86 
Epilepsy, 239-241 
classification of, 239 
contact and collision sports with, 240 
epidemiology of, 239 
exercise and, 240, 273 
motor sports with, 240 
risks of participation with, 236, 239-240 
sports from heights with, 240 
sports participation and, 240 
sports safety and, 236, 239 
swimming and water sports with, 240 
treatment of, 240-241 
Epinephrine, 222 
Epineurium, 45 
Epiphysis, 15 
Epistaxis 
anterior, 202—203 
posterior, 203 
in wrestling, 753 
Erb’s point, 387 
Erector spinae muscles, 493 
Ergogenic aids, 72-74, 497-504. See also specific types 
anabolic-androgenic steroids and selective androgen receptor modulators, 
498t, 499, 499t 
androstenedione and dehydroepiandrosterone, 226-227, 498t, 499-500 
Bz-adrenergic receptor agonists, 498t, 500 
blood doping, recombinant erythropoietin, and continuous erythropoietin 
receptor activators, 498t, 500 
caffeine, 498t, 501 
cancer and, 798, 803 
corticosteroids, 498t, 501 
creatine, 498t, 501—502 
definition and classification of, 497 
efficacy of, 497-498 
ephedrine, pseudoephedrine, and amphetamines, 498t, 502 
ethical and legal considerations in, 498 
evaluation of, 497 
gene therapy, 498t, 502-503 
growth hormone and insulin-like growth factor, 498t, 503 
history of, 497 
nonsteroidal anti-inflammatory drugs, 498t, 503-504 
overview of, 497, 498t 
safety of, 498 
in triathlons, 728 
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Ergometer, 593 


Error 
type I, 17 
type II, 17 


Erythrasma, 185 
Erythrocythemia, 231 
Erythrocytosis 
etiologies of, 231 
secondary, 231 
Erythropoietin (EPO) 
in cancer, athlete with, 803 
cancer risk from, 798 
recombinant, 160, 498t, 500 
Essex-Lopresti fracture, 18 
Estrogen, 226 
Ethics, 6-8 
confidentiality in, 7 
definition of, 6 
divided loyalties in, 7 
drug use in, 7 
legal entanglement in, 8 
relationship with colleagues in, 8 
sports physician responsibilities in, 6-7 
terminology in, 6 
Etriers, 656 
Eucapnic voluntary hyperventilation (EVH) test, 156-157, 274 
Event coverage, 2 
Evidence-based medicine, terminology of, 16-17, 16t 
Evidence quality, 17 
Ewing sarcoma, 799, 799t 
Examination, preparticipation physical. See Preparticipation physical 
examination (PPE) 
Excessive lateral pressure syndrome (ELPS), 431, 432 
Excess postexercise oxygen consumption (EPOC), 27 
Excitation-contraction coupling, 21 
Exercise. See also specific issues and types 
Americans engaging in, 553 
behavioral health conditions with, 553—558 
alcohol use and dependence, 555-556, 555t, 556t 
disordered eating, 554-555, 554t 
exercise dependence and overtraining, 557 
performance anxiety, 557-558 
tobacco use and dependence, 556-557, 557t 
for cancer prevention, 800-802, 801t 
health benefits of, 59, 63—64, 172 
initiating and increasing, 553 
intense, 211 
moderate, 211 
on psychology, 553 (See also Psychological considerations) 
Exercise-associated collapse (EAC) 
evaluation of, 95 
syncope and, 175-176, 175t, 176f 
in triathlons, 730 
Exercise-associated headaches, 238—239 
Exercise-associated hyponatremia (EAH), 225-226 
Exercise challenge tests, 274 
direct, 252 
indirect, 251—252 
Exercise dependence, 557 
Exercise domains, 26-27, 27f 
Exercise economy, 25 
Exercise-induced anaphylaxis, 85, 187 
Exercise-induced asthma (EIA), 156, 251 
challenge tests for, 274 
direct, 252 
indirect, 251-252 
clinical presentation of, 251 
in cross-country skiing, 597-598 
diagnosis of, 251 
epidemiology of, 251 
exercise and, 273-274 
management of 
nonpharmacologic, 252 
pharmacologic, 252 
pathophysiology of, 251 
treatment of, 252 
Exercise-induced bronchoconstriction/bronchospasm (EIB) 
assessment for, 103 
challenge tests for, 274 
direct, 252 
indirect, 251—252 
diagnostic tests for, 109 
epidemiology of, 156 


exercise and, 273—274 
methacholine challenge for, 157, 274 
by sport 
in alpine skiing and snowboarding, 688-690 
in figure skating, 625 
testing for, 109, 156-157 
in athletes, 157 
contraindications to, 156 
eucapnic voluntary hyperventilation test in, 
156-157 
indications for, 156 
provocative, 156 
Exercise-induced hematuria, 190 
Exercise in Medicine initiative, 77 
Exercise intensity, quantifying, 28 
Exercise physiology, 21-29 
in aerobic and anaerobic exercise 
exercise domains in, 26-27, 27f 
maximal aerobic power in, 26, 26t 
oxygen kinetics in, 27 
Borg scale in, 25 
breathing reserve in, 23 
carbon dioxide production (VCO), 23 
endurance in, estimating, 29 
energy expenditure in, 19, 25 
energy in, 25 
exercise economy in, 25 
exercise training in, 28-29 
adaptations to, 28-29 
principles of, 28 
heart rate in 
maximal, 24 
target training, 24 
heart rate reserve in, 24 
lactate in, 23—24 
maximal voluntary ventilation in, 23 
metabolic energy equivalents in, 25 
muscular contractions in, 24—25, 51—52 
oxygen pulse in, 24 
oxygen uptake (VO.), 23, 23f 
plyometrics in, 28 
power in, 25 
pulmonary ventilation in, 23 
rating of perceived exertion in, 25 
resistance exercise 
biomechanical factors in muscle strength in, 28 
definition and use of, 27 
delayed-onset muscle soreness in, 28 
resistance training concepts in, 28 
weight training parameters in, 27-28 
respiratory exchange ratio in, 24 
respiratory quotient in, 24 
skeletal muscles in, 21-23, 22f, 22t 
strength in, estimating, 29 
ventilatory equivalents in, 24 
work efficiency in, 25 
work in, 25 
Exercise prescription, 77-80 
after exercise testing, 142 
ambivalence about change in, resolving, 80-81 
barriers to activity in, overcoming, 79 
for geriatric athlete, 770, 770t 
guidelines for, 77 
muscular strength and endurance in, 79 
obesity and, 77 
physical activity benefits and, 77-78 
readiness to change in, assessing, 79-80 
what to include in, 78-79 
Exercise-related transient abdominal pain (ETAP), 
88, 246 
Exercise science, 2 
Exercise stress test, identifying those needing, 63 
Exercise testing, 136-142 
in athletes, special considerations, 142 
clinical decision making from, 141-142 
coronary artery disease probability in, 141 
coronary artery disease severity in, 141-142 
exercise prescription in, 142 
exercise treadmill score in, 142 
contraindications to, 138-139 
identifying those needing, 63 
indications for 
class I, 137 


class II, 137 
class II, 137—138, 138t 
interpretation of, 140-141 
myocardial ischemia determination from, 141 
performance of, 139-140 
physical responsibilities in, 139 
in preparticipation screening, 175 
special considerations in, 139 
terminology in, 136-137 
Exercise training 
adaptations to, 28-29 
principles of, 28 
Exercise treadmill score, 142 
Exertion 
on blood system, 229 
rating of perceived 
in cardiorespiratory endurance training, 59-60 
in exercise physiology, 25 
Exertional compartment syndrome (ECS), 448—449, 449f 
in cross-country skiing, 598-599 
in running, 681—682 
Exertional headaches, 238 
Exertional heat illness (EHI), in lacrosse, 667 
Exertional hemolysis, 230 
Exertional leg pain, 150 
Exertional rhabdomyolysis, 232 
Exhaustion, heat, 97, 281—283, 283t 
in football, 633 
Exostosis 
auditory, 202 
blocker’s, in lacrosse, 667 
Expectation, in physical performance, 566 
Expiratory reserve (IRV), 23 
Expressed contract, 9 
Extension lag, 15 
Extensor carpi ulnaris (ECU) tendon 
MRI of, 309 
tendinitis/subluxation of, 372 
in tennis, 719 
Extensor hallux tendon, in figure skating 
tendinosis of, 624 
tenosynovitis of, 624 
Extensor mechanism force ratio, 434 
Extensor pollicis brevis (EPB) tendon 
tendonitis of, in tennis, 719 
tenosynovitis of, in bicycling, 604 
Extensor tendon 
subluxation and dislocation of, 371 
tendinitis of, in swimming, 713 
tenosynovitis of, in cross-country skiing, 596 
External auditory exostoses (EAEs), in surfing, 708-709 
External iliac artery endofibrosis, in bicycling, 605 
External rotation stress test, 441 
External snapping hip, 411 
Extra-articular, 17 


Extracorporeal shock wave therapy (ESWT), for bone healing, 43 


Extremity injuries, in wrestling, 754 
Eyebrow laceration, in water polo, 736 
Eye exam, preparticipation, 194 
Eye injuries 
corneal abrasions, 196 
corneal/conjunctival lacerations, 196 
foreign bodies, 197—198 
hyphema, 195-196, 195t 
lacerations 
eyelid, 87, 196 
in water polo, 736 
orbital wall fracture, 197 
retinal detachment, 197 
ruptured globe/penetrating injuries, 197 
by sport 
in baseball, 576 
in basketball, 581 
in boxing, 589 
in golf, 637-638 
in ice hockey, 650 
in lacrosse, 669 
in soccer, 699 
in water polo, 736 
subconjunctival hemorrhage, 197 
traumatic iritis, 195 
Eyelid lacerations, 87, 196 
in water polo, 736 
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Eye problems, sports clearance with, 112t 
Eyewear, protective, 198 
for basketball, 581 


Face masks 
batting helmet, 705 
in ice hockey, 647, 651 
in softball, 705 
Face shields, for ice hockey, 82 
Facet joints, 298 
Facet joint syndrome, 302 
Facial injuries. See also specific types 
epidemiology of, 200 
fractures, 203 
lacerations, 203 (See also Laceration; specific sports) 
sideline assessment of, 200 
by sport 
in basketball, 581 
in ice hockey, 650-651, 650t 
in soccer, 699 
in softball, 705 
in water polo, 739 
in wrestling, 753 
Facility safety, evaluating, 3 
Fall, in wrestling, 752 
Fall-related injuries, in climbing, 657 
Family Educational Rights and Privacy Act (FERPA), 12 
Fascicles, 741 
Fasciitis, plantar. See Plantar fasciitis 
Fast twitch muscle fibers, 22—23, 22t, 51, 741 
Fat 
high dietary, 72, 72f 
in sports nutrition, 68f, 69 
Fatigue 
cancer-related, exercise and, 802 
evaluation of, 267f 
Female athlete, 774-780. See also Eating disorders 
amenorrhea in, 776-778, 777£ 
anatomy and physiology of, 774 
bone mineral density in, low, 778-779 
participation by, 774 
pregnancy and exercise in, 779-780 
sports nutrition in, 74 
urinary incontinence in, 779 
Female athlete triad, 464, 555, 774-776, 775t. See also Bone mineral density (BMD); 
Eating disorders; Osteoporosis 
in dance and performing arts, 610 
in figure skating, 626 
in gymnastics, 644 
in pediatric athlete, 764 
Femoral acetabular impingement (FAI), MRI of, 399, 400f 
Femoral diaphysis stress fracture, 466—467 
Femoral head osteochondroses, 763 
Femoral neck fractures, stress, 408, 466 
in running, 683 
Femoroacetabular impingement (FAI), 412 
in tennis, 720 
Fever 
sports clearance with, 113t 
treatment of, 212 
Fiberglass, for casting, 549 
Fibers, muscles, 741 
Fibrin glue, 514 
Fibroblasts, 52, 55 
Fibrous union, 17 
Fibula fractures 
in alpine skiing, 688 
in soccer, 698 
stress, 467 
Field-side emergencies, 84-91. See also Emergencies, field-side 
Fifth metacarpal stress fractures, in softball, 704 
Fifth metatarsal base fractures, 462, 462f 
Fifth metatarsal stress fracture, in running, 683 
Figure skating, 621-626 
athlete attributes for, 621-622 
biomechanics of 
jumps, 622 
spins, 622-623 
throws and lifts, 623 
competition in, 621 
disciplines in, 621 
equipment in, 622 


832 Index 


Figure skating (continued) 

female athlete triad and, 626 

future of, 626 

medical concerns in 
disordered eating, 625 
exercise-induced bronchospasm, 625 
menstrual dysfunction, 626 

medical issues in 
ankle, 624 
boot- and blade-related, 623 


concussions, lacerations, and contusions, 626 


core, hip, and pelvis, 624—625 
foot, 623-624 
knee, 624 
lower leg, 624 
musculoskeletal, 623 
spine, 625 
upper extremities, 625 
participation in, 621 
training for, 623 
Fillers, bone void, 43 
Finger injuries 
collateral ligament, 369 
digital ischemia, chronic, 371 
dislocation, 89, 738 
fingertip, 368-369f 
frostbite, 371-372 
hypothenar hammer syndrome, 371 
joint, 369 
metacarpophalangeal joint, 369 
MRI of, 310, 310f 


rotary proximal interphalangeal joint subluxation, 369 


by sport 
in basketball, 582 
in volleyball, 733 
in water polo, 738 
in wrestling, 754 
tendon, 370-371 
thumb joint, 370 
trigger digits, 373 
volar dislocations, 369 
Finger osteoarthritis, prolotherapy for, 510 
Fingerpad injuries, 368-369 
Fingertip injuries, 368-369 
Finkelstein test, 372 


First branch of lateral plantar nerve (FB-LPN), 472f, 473f, 476 
First branch of lateral plantar nerve (FB-LPN) entrapment, 476-477 


Fitness 

aerobic, 497 

anaerobic, 497 

for participation, 2 

physical, 19-20 

terminology in, 19-20 
FITT, 28, 78 
Flat foot, flexible, orthotics for, 534 
Flexibility training 

with cancer, 800 

recommendations for, 61 
Flexion contracture, 15 
Flexion/extension moment, 145 
Flexor compartment tendinopathies, 372-373 


Flexor hallucis longus (FHL) tendonitis, in dance, 609 


Float, double, 144 

Fluidotherapy, 485 

Fluid replacement, 69-70 
in geriatric athlete, 772 
in triathlons, 729 

Flutter kick, 711 

Flying, after diving, 614 


Focal entrapment neuropathies, electrodiagnostic testing for, 133, 133t 


Focal motor dystonia, in musicians, 608 
Follicular keloiditis, 182 
Follow-up, specialist, 3 


Food-dependent exercise-induced anaphylaxis (FDEIA), 187 


Foot 
anatomy of, 457 


cutaneous innervation of plantar surface of, 473f, 478 


MRI of, 403—406, 404f406f 
Football, 628-634 
catastrophic sports injuries in, 97-98 
musculoskeletal injuries in 
lower extremity 
anterior cruciate ligament tear, 628 


hamstring strain, 629 
hip pointer, 629 
medial collateral ligament sprain, 628 
meniscal tears, 628 
thigh/quadriceps contusion, 629 
turf toe, 629 
upper extremity 
acromioclavicular sprain, 629-630 
glenohumeral instability, 629 
jersey finger, 630 
mallet finger, 630 
playing surface for, 81 
protective equipment for, 81-82 
spinal and neurologic injuries in, 630-634 
cervical spine 
brachial plexus neurapraxia, 631 
cervical cord neurapraxia, 630-631 
mechanism and epidemiology of, 630 
potential, management of, 631 
spear tackler’s spine, 631 


head, 285-288, 286t—288t (See also Concussion, head [cerebral] ) 


lumbar spine 
concussion, 632-633 
headache, 633 
heat illness, 633-634 
spondylolisthesis, 631 
spondylolysis, 631 
sudden death in, 634 
Football helmet, 81-82, 98 
Foot fractures, 457—463 
anatomy of, 457 
calcaneus, 458—459, 460f 
metatarsal and phalangeal, 461-462 
epidemiology and etiology of, 461 
fifth metatarsal base, 462, 462f 
metatarsal neck and head, 462 
metatarsal shaft, 462—463 
phalangeal, 462 
physical examination of, 461 
radiographic examination of, 461 
sesamoid, 462 
midfoot, 459—461 
cuboid, 461 
cuneiform, 461 
epidemiology of, 459 
Lisfranc joint, 461, 461f 
navicular, 460 
physical examination of, 459 
radiographic examination of, 460 
stress and insufficiency, MRI of, 404, 404f 
talus, 457—458, 457f, 458f 
Foot injuries 
musculoskeletal ultrasound for, 125 
by sport 
in alpine skiing, 688 
in basketball, 583, 583t 
in climbing, 658 
in figure skating, 623-624 
in ice hockey, 652 
in swimming, 713 
in tennis, 721 
in volleyball, 732-733 
Footstrike hemolysis, 230 
Footwear, 530—533 


barefoot running and minimal footwear design in, 532 


climbing shoes in, 658 


controversies, conclusions, and future research on, 535-536 


descriptors of, 531 
goal of, 530 
overuse injury and, 530 
research on, 530 
rugby cleats in, 673 
running shoes in, 530-533 
selection of, 531—532 
shoe construction and anatomy in, 530-531 
special considerations in, 532-533 
Force production, 741 
Forearm fractures 
in alpine skiing, 688-689 
in gymnastics, 642 
in lacrosse, 668 
in pediatric athlete, 759 
Forearm splint, volar/dorsal, 551 


Forearm tendinopathy, in rowing, 594 
Forefoot, 452 
Forefoot extension, rigid, 535 
Forefoot soft tissue injuries, 452—454 
hallux rigidus, 452—453 
hallux valgus, 453 
metatarsalgia, 454 
turf toe, 453—454 
Foreign bodies 
corneal, 87 
intraocular, 87 
ocular, 197-198 
Fractures. See also specific sites and types 
acute, biomechanics of, 41 
avulsion, 15 
biomechanics of, 41 
definition of, 17 
eponyms for, 18 
healing of 
augmentation of, 42 
factors in, 41 
incomplete, 17 
low-risk vs. high-risk, 41 
open, 89 
stress (See Stress fractures) 
terminology for, 17-18 
vertebral, 301 
Fragment 
butterfly, 17 
fixation of, in articular cartilage injury, 31-32 
Frames, bicycle, 601—602 
Free fatty acids, in energy metabolism, 67f, 68, 68t 
Free solo climbing, 656 
Freestyle stroke, 711 
Freestyle wrestling, 752 
Freiberg disease, 763 
Frequency 
in cardiorespiratory endurance training, 60 
in cardiovascular endurance prescription, 79 
in exercise prescription, 78 
in muscular strength and resistance training, 60 
Friction injury, in wrestling, 753 
Frostbite, 280-281, 281t, 371-372 
Frozen shoulder, MRI of, 306, 307f 
Fuel source, performance, 728 
Fuel utilization, determinants of, 68, 68f 
Fulcrum test, 465 
Fulminant rhabdomyolysis, 233 
Functional electric stimulation, 489 
Function, physical, 20 
Fungal skin infection 
onychomycosis, 186 
tinea corporis, 186 
tinea cruris, 186 
tinea pedis, 186 
tinea versicolor, 186 
in wrestling, 755 
Furunculosis, 184—185 
F wave, 130 


Gain, in musculoskeletal ultrasound, 123 
Gait analysis, 144-149 
dynamic electromyography of, 145-146, 146t 
gait cycle in, 144, 145t, 146, 146f 
gait evaluation in, 147-149 
principles of, 147 
retroflective taping landmarks in, 147, 147t, 148f 
videotaped observational gait analysis in, 147-149, 147t, 148f, 148t 
kinematics of, 145 
kinetics of, 145 
oxygen consumption in, 146—147 
use and goals of, 144 
Gait cycle, 144, 145t 
activation of, in running vs. walking, 146, 146f 
Gait velocity, 144 
Galeazzi fracture, 18 
Gamekeeper’s thumb, 370 
MRI of, 309 
by sport 
in alpine skiing, 688 
in baseball, 576 
in cross-country skiing, 596 
in ice hockey, 651 
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in lacrosse, 668 
in swimming, 712 
in tennis, 718 
in water polo, 737, 738 
in wrestling, 754 
Gastric emptying, 728 
Gastrocnemius rupture, 435—436 
Gastroenteritis, 215 
Gastroenterology, 242-247 
epidemiology of, 242 
lower GI, 245-247 
abdominal pain (“side stitch”), 246 
liver enzyme elevation, 246-247 
runner’s diarrhea, 242, 245-246 
upper GI 
gastroesophageal reflux disease, 242-244 (See also Gastroesophageal 
reflux disease [GERD]) 
peptic ulcer disease, 242, 244-245, 245t 
Gastroesophageal reflux disease (GERD), 242-244 
epidemiology of, 242 
evaluation of, 243, 243f 
pathophysiology of, 242-243 
signs and symptoms of, 242, 243t 
in surfing, 709 
treatment of, 243-244, 244f 
Gastrointestinal bleeding, in triathlons, 726 
Gearing, bicycle, 603 
Gear ratio, bicycle, 603 
Gene therapy, as ergogenic aid, 498t, 502-503 
Genital injuries, 193 
Genitourinary disorders, 189-193 
acute renal failure, 189, 190-191 
anatomy of, 189 
epidemiology of, 189 
hematuria, 189, 190, 191f 
pathophysiology of, 189 
proteinuria, 189, 190, 192f 
return to play with, 193 
trauma 
bladder, 193 
genitalia, 193 
renal, 191-192 
ureters, 192 
Genitourinary injury, 88 
Genitourinary system, 189 
Geometry, shoe, 531 
Geriatric athlete, 766-773. See also specific sports 
benefits of exercise in, 766-768, 767t 
definition of, 766 
diving by, 618-619 
endurance exercise performance in, 768, 768t 
exercise prescription in, general, 770, 770t 
fluid replacement in, 772 
heat and cold injury prevention in, 772, 772t 
joint replacement in, 772-773 
nutrition in, 771-772, 771t 
osteoporosis in, 772 
participation by, 766 
performance records of, 768t 
physical and physiologic changes in, 766, 767t 
preparticipation screening of, 768-769, 769t 
in professional sports, 769t 
runners’ injuries in, 770-771 
temperature regulation in, 772 
Giant cell tumors, 799, 799t 
Gibney strips, 542, 542f 
Gilmore groin, in soccer, 698-699 
Ginkgo leaf, 564 
Ginseng (Panax), 565 
Glenohumeral instability, in football, 629 
Glenohumeral internal rotation deficit (GIRD), 353 
Glenohumeral joint, 575 
Glenohumeral joint injections, 524 
Glenohumeral joint subluxation/dislocation 
in alpine skiing, 688 
in ice hockey, 651 
in rodeo, 694 
Glenoid impingement, posterosuperior, pathophysiology of, 318 
Globe injury, 87-88 
Globe rupture, 88, 197 
Gloves 
bicycle, 605 
ice hockey, 647 
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lucagon, 220 
ucocorticoids, 501 
uconeogenesis, 66 
lucosamine sulfate, 566-567 
utamine, 217 
uteus maximus muscles, 494 
lycemic index (GI), 71-72, 72f 
lycogen, 66 
lycogen-lactic acid system, 67f, 68, 68t 
lycogenolysis, 66 
Goalkeeper’s thumb, in lacrosse, 669 
Goalpost injuries, soccer, 98 
Golf, 635-638 
epidemiology of, 635 
history of, 635 
injuries in 
elbow, 636-637 
eye and head, 637-638 
golf cart, 638 
hand and wrist, 637 
hip, 637 
knee, 637 
lightning, 638 
lower back, 635-636 
shoulder, 636 
psychological disorders in, 638 
skin disorders in, 638 
swing in, 635 
Golf cart injuries, 638 
Golfer’s cramps, 638 
Golfer’s elbow, 308, 636-637 
Golf swing, 635 
Golgi tendon organs, 21-22 
Gonorrhea, 216 
Good Samaritan doctrine, 5 
definition of, 11 
fallacy of, 11-12 
Grand plié, 609 
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Greater trochanter bursitis, in cross-country skiing, 598 


Great toe stress fracture, sesamoid, 469 
Greco-Roman wrestling, 752 
Green hair, 187, 714 
Greenstick fracture, 18, 759 
Griplock, 642 
Grips, in climbing, 658 
Groin injuries, by sport 
in ice hockey, 651-652 
in lacrosse, 666 
in rodeo, 694 
in soccer, 698-699 
Ground reaction forces, 145 
Growth and development 
in cancer, athlete with, 803 
in pediatric athlete, 764 
Growth factors 
autologous, 512 
function of, 512 
Growth hormone (GH) 
cancer risk from, 798 
deficiency of, 223-224 
as ergogenic aid, 224, 498t, 503 
function of, 223 
for HIV-infected, 809 
Growth plates, 758 
Guidelines, preestablished, 3 
Guyon’s canal, ulnar nerve entrapment at, 397 
Gymnastics, 639-645 
epidemiology of, 639 
events and competitive levels of, 639 
injuries and disorders in 
abdominal wall contusion, 642 
ankle ligament sprains, 640-641 
catastrophic, 101 
clavicular stress fractures, 642 
elbow dislocation, 642 
female athlete triad in, 644 
forearm fracture, 642 
hand blisters/rips, 642 
heel pad contusions, 642 
inciting events for, 643 
knee 
overuse, 641 
traumatic, 641 


location of, 640 
low back pain, 641 
onset of, 640 
osteochondritis dissecans of capitellum, 642 
Sever disease, 641 
severity of, 640 
spondylolysis, 641 
vulvar hematomas, 642 
wrist pain, dorsal, 641-642 
injury prevention in, 644—645 
injury risk factors in 
extrinsic, 643 
intrinsic, 642-643 
popularity of, 639 
Gymnast’s wrist, 373 


air, green, 187, 714 
allucinogens, 160 
allux rigidus, 452-453 
orthotics for, 534 
Hallux valgus, 453 
orthotics for, 534 
Hamate fractures, 376-377 
in lacrosse, 668 
amstring curls, 744 
amstring injuries 
musculoskeletal ultrasound for, 124 
strain 
in football, 629 
in lacrosse, 666 
in tennis, 720 
Hamstrings, 494 
Hamstring syndrome, 409 
Hand blisters/rips, in gymnastics, 642 
Handcuff neuropathy, 395 
Hand dislocation, in water polo, 738 
Hand fractures 
comminuted, 379 
epidemiology of, 375 
metacarpal, 378-379 
base, 380 
neck, 379-380 
thumb, 380-381 
oblique and spiral, 379 
phalangeal, 381 
pisiform, 377 
transverse, 379 
Hand injuries 
diagnostic radiography of, 119 
MRI of, 308-309, 310f 
musculoskeletal ultrasound for, 125 
overuse, 372-373 
soft tissue, 368—373 
collateral ligament, 369-370 
epidemiology of, 366 
finger joint, 369 
distal interphalangeal, 369 
proximal interphalangeal, 369 
volar dislocations, rotary subluxation, 369 
fingertip 
fingerpad, 368-369 
nail avulsion, 368 
subungual hematoma, 368 
tendon 
boutonnière deformity, 370-371 
boxer’s knuckles, 371 
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extensor tendon subluxation and dislocation, 371 


jersey finger, 310, 371, 630 
mallet finger, 18, 310, 370, 381, 582, 630 
pseudoboutonnière deformity, 371 

thumb joint, 370 

vascular, 371-372 

by sport 

in bicycling, 604 

in golf, 637 

in gymnastics, 642 

in ice hockey, 651 

in rock climbing, 657 

in volleyball, 733 

in water polo, 738 

Handlebar, bicycle, 602, 602f 


aglund deformity of calcaneal tuberosity, in figure skating, 624 


Haversian canals, 39 

Haversian system, 39 

Hawkins classification, of talar neck fractures, 457, 458f 
Hawkins sign, 318 

Hawkins test, 318 

Headache, 236, 238-239 


effort, 239 

exertional, 238 

in football, 633 

high altitude, 283-284, 284t 
thunderclap, 238 
weightlifter’s, 238-239 


Head injuries, 86-87, 285-289 
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cerebral concussion, 285-288 (See also Concussion, head [cerebral] ) 
diffuse axonal injury, 289 
epidemiology of, 285 
intracranial hemorrhage, 289 
malignant brain edema, 289 
management of, 289 
postconcussion syndrome after, 237, 288-289 
posttraumatic seizure, 289 
second impact syndrome, 86-87, 238, 289 
by sport 
in alpine skiing and snowboardings, 688 
in baseball, 100, 576 
in bicycling, 603 
in cheerleading, 99-100 
in climbing, 657 
in football, 97, 285-288, 286t—288t (See also Concussion, head [cerebral] ) 
in golf, 637-638 
in ice hockey, 100, 650 
in pole vaulting, 98 
in rugby, 674 
in soccer, 98, 697, 699 
in softball, 705 
in surfing, 708 
in wrestling, 753 
eadminder Concussion Resolution Index (CRI), 167 
ead races, rowing, 593 


Health benefits, of exercise. See also specific types 


cardiovascular, 172 
training and conditioning in, 59, 63—64 
ealth Insurance Portability and Accountability Act (HIPAA), 4, 9, 12 
eart disease. See also specific types 
congenital, sports clearance with, 112t 
diving with, 616 
eart murmur, sports clearance with, 112t 
eart rate 
in exercise testing, 140 
maximal 
in cardiorespiratory endurance training, 59 
exercise physiology of, 24 
target training, 24 


Heart rate reserve (HRR) 


in cardiorespiratory endurance training, 59 
exercise physiology of, 24 
in exercise prescription, 78 


Heart rate response, to exercise testing, 140 
Heart valve disorders, screening for, 110 
Heat cramps, 90, 97, 281-283, 283t 


in football, 633 


Heat deck, 90, 90f 
Heat exhaustion, 97, 281—283, 283t 


in football, 633 


Heat illness, 281—283, 283t 


catastrophic injuries from, 97 
exertional, in lacrosse, 667 

in football, 633-634 

in geriatric athlete, preventing, 772, 772t 
history of, sports clearance with, 113t 

in pediatric athlete, 763 

in triathlons, 731 


Heating modalities, 484-487 


deep heating (diathermy) 
low-power and pulsed electromagnetic field, 487 
shortwave diathermy, 487 
ultrasound, 486 
superficial, 484-486 
contrast baths, 485 
fluidotherapy, 485 
heat lamps, 485 
hot packs (hydrocollator), 484-485 
hydrotherapy, 485 


Index 


indications, contraindications, and precautions with, 484 
paraffin baths, 485 
physiology of, 484 
spa therapy (balneotherapy), 485 
therapeutic heat, 484 
Heat lamps, 485 
Heat loss, in pediatric athlete, 763 
Heat stress, in geriatric athlete, preventing, 772, 772t 
Heat stroke, 90, 90f, 97, 281-283, 283t 
in football, 633 
in triathlons, 731 
Heat syncope, 97 
in football, 633 
Heel cushioning, 535 
Heel lift, 535 
Heel lock, 542, 542f, 543f 
Heel pad contusions, in gymnastics, 642 
Helicobacter pylori infection, 242, 245, 245t 
Helmets 
alpine skiing and snowboarding, 688 
baseball/softball, 82 
bicycle, 605 
bull riders, 694 
football, 81-82, 98 
ice hockey, 82, 647 
lacrosse, 82, 663, 669 
skiing, alpine, 688 
snowboarding, 688 
surfing, 708 
Hematology, 229-234 
anemia in, 229 
from blood loss, 230 
iron deficiency, 229-230 
athletic pseudoanemia in, 229 
erythrocythemia (polycythemia) in, 231 
erythrocytosis etiologies in, 231 
exertion on, 229 
other disorders in, 232 
platelet and coagulation abnormalities, 231-232 
rhabdomyolysis in 
exertional, 232 
follow-up to, 234 
fulminant, 233 
of isolated muscle or muscle group, 233-234 
mild, 232-233 
moderate, 233 
severe, 233 
sickle cell trait in, 231 
WBC line abnormalities in, 231 
Hematoma 
auricular, 83, 88, 201, 736 
epidural, 86 
septal, 88, 202 
subdural, 97 
subungual, 368 
Hematuria, 189, 190, 191f 
Hemorrhage 
intracranial, 289 
retrobulbar, 88 
severe, 86 
subconjunctival, 87 
Hepatic injury, 88 
Hepatitis B virus (HBV), 215-216 
Hepatitis C virus (HCV), 216 
Hepatitis, sports clearance with, 113t 
Hepatomegaly, sports clearance with, 113t 
Hernia 
disc, thoracic and lumbar spine, 301 
sports, 399, 409-410 
Herniated nucleus pulposus (HNP), in golf, 636 
Herpes gladiatorum, 185-186, 755 
Herpes zoster infections, in wrestling, 755 
Heterotopic ossification (HO) 
in amputee athlete, 788-789 
in spinal cord injury athlete, 789-790 
High altitude headache (HAH), 283-284, 284t 
High altitude pulmonary edema (HAPE), 283-284, 284t 
High ankle sprain, 440, 443 
in tennis, 721 
High-fat diets, 72, 72f 
Highly active antiretroviral therapy (HAART), 808-809 
Highly inverted orthotics, 535 
High school wrestling, 752 
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High-top walking boots, 551 
Hill-Sachs lesion/deformity 
MRI of, 304, 306f 
operative treatment for, 315 
Hindfoot, 450 


Hindfoot and midfoot soft tissue injuries, 450—452. See also specific injuries 


compression neuropathy, 451 
insertional Achilles tendinitis, 452 
painful os trigonum, 450 
plantar fasciitis, 406, 451—452 
retrocalcaneal bursitis, 452 
tarsal tunnel syndrome, 451 

Hip 
bracing for, 548 
diagnostic radiography of, 120 
joint load in, during sports, 795, 796t 
MRI of, 399-400, 400f 


Hip arthroplasty, athlete with, 792-797. See also Total joint replacement, athlete with 
Hip arthroscopic surgery, rehabilitation after, 572-573 


Hip injuries 
anterior, musculoskeletal ultrasound for, 124 
avulsion fractures, 408 
dislocation, 89 
femoroacetabular impingement, 412 
hip pointer, 409 
loose bodies, 413 
piriformis syndrome, 410-411 
ruptured ligamentum teres, 413 
snapping hip, internal/external, 411 
soft tissue, 409 
by sport 
in figure skating, 624-625 
in golf, 637 
in soccer, 698 
in tennis, 720 
in water polo, 738 
stress fractures, 408 
trochanteric pain syndrome, 410 
Hip instability, in Down syndrome, 783 
Hip pads, for football, 82 
Hip pain, musculoskeletal ultrasound for, 124 
Hip pointers, 409 
in football, 629 
in volleyball, 734 
Hockey helmet, 82, 647, 651 
Hockey, ice. See Ice hockey 
Homeopathy, 565 
Hook of the hamate fractures, 376 
in golf, 637 
in lacrosse, 668 
Hot packs, 484—485 
Howship’s lacunae, 39 
H reflex, 130 


Human immunodeficiency virus (HIV) infection, 215, 806-813 


definition of, 806 
epidemiology of 
in athletes, 806-807 
in United States, 806 
worldwide, 806 
ethical and legal implications in 
of competition exclusion, 812 
of mandatory testing, 811-812 
exercise and immune system in 
in healthy, 809 
in HIV-infected, 809-810 
exercise on patients with, 810-811 
exercise recommendations for, 811 
natural history of, 806 
prevention of, 811 
restrictions for, recommended, 812 
sports clearance with, 113t 
testing for 
confirmatory, 808 
mandatory, in sports, 808 
screening, 807-808 
transmission of, 807 
treatment for 
creatine in, 809 
general recommendations in, 808 
growth hormone and tesamorelin in, 809 


highly active antiretroviral therapy in, 808-809 


nutritional, 809 
testosterone in, 809 


Human papillomavirus (HPV), 216 
cancer risk with, 798 


Humeral medial epicondyle apophysitis, in tennis in adolescents, 722 


Humerus fractures 
distal, 362 
proximal, 314 
Hydration 
monitoring of, 69 
in pediatric athlete, 763 
recommendations for, 69—70 
by sport, 69-70 
in football, 633-634 
in soccer, 696 
in triathlons, 729 
Hydrocollator, 484—485 
Hydrolysates, protein, 73 
Hydrotherapy, heating, 485 
Hyperabduction-extension test, 389 
Hypercalcemia, 224 
Hyperglycemia, 220 
from injections, 520 
Hypertension, 108 
in athletes, 177-178, 177t 
in basketball, 580 
classification of, 177, 177t 
diving with, 616 
exercise and, 270-271 
pharmacologic treatment of, 177 
sports clearance with, 112t 
Hyperthermia, 90, 90f 
Hyperthyroidism, 223, 272 
Hypertrophic cardiomyopathy (HCM) 
in basketball, 580-581 
catastrophic injuries in, 96 
screening for, 110 
sudden cardiac death and, 173 
lypertrophy, muscle, 28, 742 
weightlifting for, 745t 
lyphema, 87, 195-196, 195t 
in water polo, 736 
lypoglycemic emergencies, 220 
lypogonadism, 226 
lyponatremia 
exercise-associated, 225-226 
in triathlons, 730-731 
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lypothenar hammer syndrome, 371 
lypothermia, 90, 279-280, 280t 

in triathlons, 730 

in water polo, 739 
lypothyroidism, 223, 272 
lypovolemic shock, 86 
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Ice climbing, 655-656 
Ice dancers, 621 
Ice hockey, 647—652 
catastrophic injuries in, 100 
equipment in, 647—648 
history and popularity of, 647 
injuries by location in, 649t, 650 
abdomen, 651 
ankle, 652 
back, 651 
cervical spine, 651 
chest, 651 
concussions, 650 
elbow, 651 
foot, 652 
knee, 652 
maxillofacial, 650-651, 650t 
ocular, 650 
shoulder, 651 
thigh and groin, 651-652 
wrist and hand, 651 
injury epidemiology in, 648-650, 649t 
medical illness in, 652 
physiology of, 648 
protective equipment for, 82 
Ice rinks, indoor 
carbon monoxide in, 652 
nitrogen dioxide in, 652 
Iliac crest avulsion, in pediatric athlete, 758 


lypotension, orthostatic, in spinal cord injury athlete, 790 


Iliopsoas tendinopathy, in bicycling, 605 
Iliotibial band (ITB) friction syndrome, 437 
anesthetic and corticosteroid injections for, 526 
in bicycling, 604 
in cross-country skiing, 598 
in rowing, 594 
in running, 680 
Imaging, diagnostic. See Diagnostic imaging; specific injuries 
Immediate energy system, 67f, 68, 68t 
Immediate Postconcussion Assessment and Cognitive Test (ImPACT), 167-168 
Immune modulators, 216-217 
for asthma, 249-250 
Immune system 
exercise on, 211, 802-803 
aerobic, 64 
in healthy, 809 
in HIV-infected, 809-810 
training on, 265 
Immunomodulators, 211 
Impaction, 17 
Impetigo, 184 
Impingement syndrome (IS) 
MRI of, 304-305, 307f 
in ankle, 405—406 
in volleyball, 733 
in wheelchair athlete, 787 
Implied contract, 9 
Improvement, from exercise routine, 80 
Improvement stage, 61 
Incident, 16 
Incomplete fracture, 17 
Incontinence, urinary, 779 
Independent variable, 17 
Indigenous medicine, 561 
Individually identifiable health information, 12 
Infectious disease, 211-217. See also specific diseases 
bloodborne, 215-216 
conjunctivitis, 214 
cough 
acute bronchitis, 212 
pneumonia, 212-213 
epidemiology of, 211 
exercise and, 211-212 
exercise in unusual places and, 216 
gastroenteritis, 215 
immune modulators in, 216-217 
immunology and exercise in, 211 
meningitis, 214 
myocarditis, 214-215 
otitis media and externa, 214 
reportable diseases, 216 
return to play after, 217 
rhinorrhea and nasal congestion 
sinusitis, 212 
upper respiratory tract infections, 211, 212 
sexually transmitted diseases, 216 
sore throat 
infectious mononucleosis, 213 
pharyngitis, 213 
in triathlons, 727 
upper respiratory tract, 211 
Infectious mononucleosis (IM), 213 
Inflammatory stage, of bone healing, 40 
Influenza vaccine, 212 
Information, health, individually identifiable, 12 
Infrapatellar tendinosis, in figure skating, 624 
Ingrown toenail, 182 
Inhaled corticosteroids (ICs) 
for asthma, 249 
for exercise-induced asthma, 251 
Initiation stage, 61 
Injections, 520-527. See also specific types and disorders 
contraindications to, 521 
general principles of, 521-524 
anesthesia in, 522 
consent in, 521 
corticosteroids in, 522, 522t, 523t 
equipment in, 521-522 
evidence-based medicine evaluation of, 524 
postprocedure care in, 523 
technique in, 522-523 
indications for, 520, 521t 
risks and complications of, 520-521, 521t 
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specific 
acromioclavicular joint, 524 
ankle joint, 526-527 
carpal tunnel syndrome, 525 
de Quervain tenosynovitis, 525 
glenohumeral joint, 524 
iliotibial band syndrome, 526 
knee joint, 526 
lateral epicondylitis, 525 
Morton neuroma, 527 
myofascial trigger points, 527 
pes anserine bursitis, 438, 526 
plantar fascia, 527 
subacromial space, 524 
trigger finger, 525 
trochanteric bursitis, 525-526 
Injuries. See also specific types 
epidemiology of, 558 
prevention of, 4 
Injury rehabilitation, psychology of, 558-559, 559t 
Injury risk to other players, in clearance to play, 3 
Injury timeout, 752 
Inner ear barotrauma, 612, 613t 
Insall-Salvati Index, 434 
Insertional Achilles tendinitis, 452 
Insertional plantar fasciitis, 451—452 
Insole, shoe, 530 
Inspiratory reserve volume (IRV), 23 
Instability, 15 
Instability injuries. See specific types 
Insulin, 220 
Insulin-like growth factor (IGF-1), as ergogenic aid, 498t, 503 
Insurance, malpractice, 11 
Integrative medicine, 561 
Intellectual disabilities, 781-784 
definition of, 781 
Down syndrome in, 782-784 
event coverage in, 784 
injury and illness patterns in, 782 
physiologic considerations in, 781 
preparticipation evaluation in, 782 
Special Olympics for, 784 
terminology for, 781 
Intense exercise, 211 
Intensity 
absolute, 28 
of cardiorespiratory endurance training, 59-60 
in cardiovascular endurance prescription, 79 
in exercise prescription, 78 
exercise, quantifying, 28 
of muscular strength and resistance training, 60 
relative, 28 
in weightlifting, 744 
in weight training, 28, 744 
Interclavicular ligament, 323-324, 324f 
Interdigital neuroma, 454, 471, 472f 
Interferential frequency currents, 489 
Interleukin-1 (IL-1), 52 
Internal snapping hip, 411 
Interosseous nerve entrapment, in racquet sports, 47 
Interphalangeal (IP) joint injuries 
dislocations, in lacrosse, 668 
distal, 369 
proximal, 369 
thumb, 370 
Intersection syndrome, 372 
in cross-country skiing, 596 
Intervertebral disc, thoracic and lumbar spine, 298 
Intervertebral foramina, 297 
Interviewing, motivational, 80 
Intra-articular, 17 
Intraclass correlation coefficient (ICC), 163 
Intracompartmental pressure measurements 
differential diagnosis in, 153 
indications for, 151—152 
by leg compartment, 152-153 
performance of, 152 
techniques for, 152 
Intracranial hemorrhage, 289 
Intraocular foreign body, 87 
Inversion stress test, 441 
Inverted orthotics, highly, 535 
Iontophoresis, 489 
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Ipratropium bromide 

for asthma, 250 

for rhinorrhea, 258 
Tritis, traumatic, 195 
Iron deficiency anemia, 229-230 
Ischial ramus stress reaction, 466 
Ischial tuberosity tenderness, in bicycling, 605 
Iselin disease, in pediatric athlete, 760 
Isokinetic muscle contraction, 25, 742 
Isometric muscle contraction, 24, 51, 742 
Isotonic muscle contraction, 24, 742 
Isthmic spondylolisthesis, 302 


Jellyfish stings 

in diving, 615-616 

in surfing, 709 
Jersey finger, 310, 371 

in football, 630 
Jogger’s foot, 133t, 451, 477 
Jogger’s nipples, 182 
Jogging, joint load in, 795, 796t 
Joint forces, 145 
Joint kinematics, 145 
Joint load, during sports, 795, 796t 
Joint replacement 


athlete with, 792-797 (See also Total joint replacement, athlete with) 


in geriatric athlete, 772-773 
Joint wear, load in, 795 
Jones fracture, 18, 468—469 
in running, 683 
J point, 136 
Jumper’s knee, 436 
in basketball, 583 
in tennis, 720-721 
in volleyball, 732 
Jumps, in figure skating, 622 


Karvonen formula, 24 
Keratolysis, pitted, 185 
Khellin derivatives 
for asthma, 249 
for exercise-induced asthma, 251 
Kick 
eggbeater, 735, 738 
flutter, 711 
Kidney absence, sports clearance with, 113t 
Kidney disease, chronic, in athletes, 272 
Kidney injuries, 191-192 
Kidneys, 189 
Kienbick disease 
in pediatric athlete, 762 
in volleyball, 733 
Kilohertz frequency currents, 489 
Kiloh-Nevin syndrome, 393 
Kinesio taping, 539 
Kinetic chain of throwing, 352 
Kinetics 
of gait analysis, 145 
oxygen, 27 
of running, 678-679 
Kleinknecht vs. Gettysburg College, 13 
Knapp vs. Northwestern, 13 
Knee 
anatomy of 
anterior cruciate ligament, 422 
lateral collateral ligament, 423 
medial collateral ligament, 422—423 
posterior cruciate ligament, 422 
posterolateral corner, 423 
bracing for, 547-548 
joint load in, during sports, 795, 796t 
MRI of 
general, 400-403, 401f-404f 
menisci, 417 


Knee arthroplasty, athlete with, 792-797. See also Total joint replacement, 


athlete with 
Knee braces, 547—548 
diagnostic radiography of, 120 
for football, 82 
Knee injuries 
bone marrow edema, 401, 401f 


dislocation, 89, 427—428 
meniscal, 414—420 (See also Meniscal injuries) 
musculoskeletal ultrasound for, 124 
soft tissue, 434—438 
gastrocnemius rupture, 435—436 
iliotibial band syndrome, 437 
patellar tendinitis, 436 
pes anserine bursitis, 438, 526 
popliteus tendinitis, 436—437 
prepatellar bursitis, 437-438 
quadriceps tendinitis, 436 
synovial plicae syndrome, 438 
tendon ruptures 
biomechanics of, 434 
patellar, 434-435 
quadriceps, 435 
by sport 
in alpine skiing, 688 
in basketball, 582—583 
in bicycling, 604 
in figure skating, 624 
in football, 628 
in golf, 637 
in gymnastics, 641 
in ice hockey, 652 
in lacrosse, 666 
in rowing, 593-594 
in soccer, 697—698 
in surfing, 708 
in volleyball, 732 
in water polo, 738 
in wrestling, 754 
Knee instability, 422-428 
anterior cruciate ligament 
anatomy of, 422 
in children, 425 
evaluation of, 423—424 
management of, 424 
mechanism of injury of, 423 
natural history of, 424 
knee dislocation, 427—428 
medial collateral ligament 
anatomy of, 422-423 
examination of, 426 
mechanism of injury of, 426 
natural history of, 426 
treatment of, 426 
posterior cruciate ligament 
anatomy of, 422 
evaluation of, 425 
management of, 425—426 
mechanism of injury of, 425 
natural history of, 425 
posterolateral corner and lateral collateral ligament 
anatomy of, 423 
evaluation of, 427 
mechanism of injury of, 427 
natural history of, 427 
treatment of, 427 
Knee joint injections, 526 
Knee osteoarthritis, prolotherapy for, 510 
Knee pain 
patellar 
etiology and symptoms of, 430 
physical examination of, 431 
radiographs of, 431 
by sport 
in cross-country skiing, retropatellar, 598 
in figure skating, anterior, 624 
in tennis, 720-721 
Knowledge, core, 2 
Kocher technique, 314 
Kohler disease, 763 














Labral debridement, rehabilitation after, 572-573 
Labral repair, rehabilitation after, 572-573 
Labral tear, in football, 629 
Lace bite, in ice hockey, 652 
Laceration 
by location 
cheek, 736, 739 
conjunctival, 196 


corneal, 87, 196 
ear, 200-201 
eye, 736 
eyebrow, 736 
eyelid, 87, 196, 736 
facial, 203 
lip, 203, 736 
muscle, 55 
scalp, 86 
by sport 
in figure skating, 626 
in lacrosse, 668 
in surfing, 708 
in water polo, 736, 739 
Lachman test, 423 
Lacing, shoe, 530 
Lacrosse, 662—669 
epidemiology of, 663-666, 663f-665f 
catastrophic injuries in, 666 
injury by body part in, 663-664, 663f-665f 
injury patterns in, 664—666, 665f 
injury rate in, 663 
equipment in, 662-663 
game fundamentals in, 662 
history of, 662 
injuries in, contact 
acromioclavicular joint separation, 668 
clavicular fracture, 668 
concussions, 669 
eye, 669 
forearm fractures, 668 
gamekeeper’s/skier’s thumb, 668 
goalkeeper’s thumb, 669 
hamate fracture, 668 
lacerations, 668 
lower extremity contusions, 667—668 
metacarpal, phalangeal, and interphalangeal joint dislocations, 668 
nose bleeds, 668—669 
olecranon bursitis, 668 
rib fractures and abdominal trauma, 669 
scaphoid fracture, 668 
shoulder burners/stingers, 668 
shoulder subluxation/dislocation, 668 
throat trauma, 669 
injuries in, noncontact 
abrasions/turf burns, 667 
ankle, 666—667 
anterior tibial shin splints, 667 
blisters, 667 
blocker’s exostosis, 667 
exertional heat illness, 667 
groin, hamstring, and low back strains, 666 
knee, 666 
medial and lateral epicondylitis, 667 
turf toe, 667 
participation in, 662 
protective equipment for, 82 
Lacrosse helmets, 82, 663, 669 
Lactate, 23-24 
Lactate dehydrogenase, elevated, 246-247 
Lactate threshold (TLac), 26 
Lactobacillus powders, 217 
Lag, extension, 15 
Lake Louise Acute Mountain Sickness Scoring System (LLS), 283 
Lamellar bone, 39 
Laryngeal fracture, 85, 204, 204t 
Laser therapy, low-intensity, 489 
Lastings, 530 
Last, shoe, 530 
Lateral capsular sign, 18 
Lateral collateral ligament (LCL), 423 
anatomy of, 423 
evaluation of, 427 
natural history of, 427 
treatment of, 427 
Lateral collateral ligament (LCL) complex, 357 
Lateral collateral ligament (LCL) injuries 
mechanism of, 427 
sprains, MRI of, 402, 402f, 404, 405f 
Lateral epicondyle debridement/release, rehabilitation after, 574 
Lateral epicondylitis (tennis elbow) 
adolescent medial, 722 
anesthetic and corticosteroid injections for, 525 
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MRI of, 308 
prolotherapy for, 509 
by sport 
in golf, 636-637 
in lacrosse, 667 
in tennis, 717-718 
in wheelchair athlete, 788 
Lateral femoral cutaneous nerve (LFCN), 480 
Lateral femoral cutaneous nerve (LFCN) entrapment, 480 
Lateral meniscus 
anatomy of, 414 
attachments of, 414—415 
biomechanics and function of 
additional roles of, 416 
in motion, 415 
discoid, 762 
Lateral plantar nerve (LPN), 471, 472f, 473, 473f 
Lateral process fractures of the talus, 458 
Lateral rearfoot posting, 535 
Lateral ulnar collateral ligament (LUCL) instability 
epidemiology of, 357 
history of, 357-358 
imaging studies of, 358 
physical examination of, 358 
treatment of 
nonoperative, 358-359 
operative, 359 
Late responses, 130 
Lauge-Hansen classification, 456, 456t 


Law, 9 
case, 10, 13 
civil, 9-10 


criminal, 10 
municipal, 9-10 
natural, 10 
Lawful, 9 
Laxity, 15 
Left bundle branch block (LBBB), exercise testing for, 137 
Legal issues, 9-13 
captain of the ship doctrine in, 10, 13 
case law in, 13 
contracts in, 11 
definitions in, 9-10 
drugs in 
medication prescribing and dispensing in, 12 
testing for, 12 
in drug testing, 161 
duties, roles, and responsibilities in 
of team and athletes, 11 
of team physician, 1, 10-11 
ethics of, 8 
Good Samaritan doctrine, 5, 11—12 
liability in, 11-12 
patient (athlete)—physician relationship, 12 
privacy in, 12 
risk management in, 13 
Leg cast 
short, 551 
short walking, 551 
Leg compartments, 150-151, 151t, 448, 449f 
Legg-Calve-Perthes disease, 763 
Leg injuries 
soft tissue, 448—450 
exertional compartment syndrome, 448—449, 449f 
peroneal tendon injury, 450 
posterior tibial tendon injury, 449-450 
by sport 
in tennis, 721 
in volleyball, 732 
Leg pain, exertional, 150 
Leg splint, posterior long, 551 
Leg wrestling, 752 
Leukotriene modifiers, for asthma, 249 
Leukotriene receptor antagonists 
for allergic rhinitis, 258 
for asthma, 249 
for exercise-induced asthma, 251 
Liability, 10, 11-12 
Liability risk, 4-5 
Lidocaine injections, 520-527, 523t. See also Injections 
Lifts, in figure skating, 623 
Ligament injuries. See also specific types 
American Medical Association classification of, 19 
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Ligament injuries (continued) 
diagnostic imaging of, 118 
platelet-rich plasma therapy for, 517 

Ligament of Struthers site 
median nerve entrapment at, 392 
ulnar nerve entrapment at, 396 

Ligamentum flavum, 298 

Ligamentum teres, ruptured, 413 

Lightning injuries, 90-91 
in golf, 638 

Lionfish, 615, 615f 

Lipids, blood, aerobic exercise on, 64 

Lip lacerations, 203 
in water polo, 736 

Lisfranc joint, 459 

Lisfranc joint injuries, 461, 461f 
in dance, 609 
fracture/dislocation, 18 

Lisfranc ligament, 461, 461f 

Little League Baseball, 577 

Little leaguer’s elbow, 361, 576, 760 
MRI of, 308 

Little league shoulder, 761 

Liver, enlarged, sports clearance with, 113t 

Liver enzyme elevation, 246-247 

Liver injury, 88 

Logroll, 84 

Long-acting B,-agonists (LABAs) 
for asthma, 249 
for exercise-induced asthma, 251 

Long arm cast, 551 

Long arm posterior splint, 551 

Longboards, 707-708 

Long bone, 15 

Long leg splint, posterior, 551 

Long program, in figure skating, 621 

Long-term energy system, 67f, 68, 68t 

Long thoracic nerve, 389 

Long thoracic nerve entrapment, 389-390 

Loose bodies, hip, 413 

Lordosis, cervical, 293 

Low back injuries 
in golf, 635-636 
in lacrosse, 666 
in swimming, 713 
in volleyball, 733 

Low back pain 
core strengthening for, 495 
orthotics for, 534 
prolotherapy for, 510 
by sport 

in bicycling, 604 

in gymnastics, 641 
in rowing, 593-594 
in tennis, 715 

in water polo, 739 

Lower body, weightlifting for, 744 

Lower extremity. See also specific sites and disorders 
anatomic axis of, 15 
core muscles of, 494 
mechanical axis of, 16 
MRI of, 399-406 (See also Magnetic resonance imaging [MRI], 

of lower extremity) 
neuroanatomy of, 476t 
Lower extremity injuries, by sport 
in basketball, 582 
in figure skating, 623-624 
in football 
anterior cruciate ligament tear, 628 
hamstring strain, 629 
hip pointer, 629 
medial collateral ligament sprain, 628 
meniscal tears, 628 
thigh/quadriceps contusion, 629 
turf toe, 629 

in lacrosse, 667—668 

in rugby, 674 

in soccer, 697, 698 

in volleyball, 732-733 

Lower extremity nerve entrapments, 471—481 
common peroneal nerve, 477—478 
deep peroneal nerve, 474f, 475f, 479 
epidemiology of, 471 


first branch of lateral plantar nerve, 472f, 473f, 476-477 
interdigital neuroma (Morton neuroma), 471, 472f 
lateral femoral cutaneous nerve, 480 

medial calcaneal nerve, 479 

medial hallucal nerve, 481 

medial plantar nerve (jogger’s foot), 477 

obturator nerve, 480 

saphenous nerve, 472f, 473f, 480 

superficial peroneal nerve, 474f, 475f, 478-479 

sural nerve, 133t, 475f, 479—480 


tibial nerve (tarsal tunnel syndrome), 133-134, 472f, 473-476 (See also Tarsal 


tunnel syndrome) 
Lower extremity stress fractures, 464—469 
calcaneus, 468 
cuboid, 468 
cuneiform, 468 
femoral diaphysis, 466-467 
femoral neck, 466 
fibula, 467 
history of, 464 
imaging of, 465 
ischium, 466 
medial malleolus, 468 
metatarsal, 468—469 
navicular bone, 468 
patella, 467 
pelvis, 466 
physical examination for, 465 
prevention of, 466 
risk factors for, 464 
sesamoids, 469 
talus, 468 
tibia, 467 
treatment of, general principles of, 465-466 
Lower limb, neuroanatomy of, 476t 
Lower quarter stress fracture, orthotics for, 534 
Lower rib pain syndromes, 302 
Lower trunk plexopathy, 388-389 
Low-intensity laser therapy, 489 
Low-intensity pulsed ultrasound (LIPUS), for bone healing, 43 
Low-power electromagnetic field, 487 
Loyalties, divided, 7 
Lumbar spine 
anatomy of, 297-298 
diagnostic radiography of, 119 
Lumbar spine injuries, 297-303 
anatomy in, 297-298 
clinical syndromes in, 300-302 
disc herniation, 301 
facet joint syndrome, 302 
fracture, subluxation, and dislocation, 301 
musculoligamentous injuries, 300-301 
sacroiliac joint dysfunction, 302 
spondylolysis and spondylolisthesis, 301-302 
epidemiology of, 297 
evaluation of 
imaging in, 299-300 
initial, 298-300, 299t, 300t 
red flags in, 299t 
return to play after, 302-303 
by sport 
in basketball, 582 
in football, 631-634 
concussion, 632—633 
headache, 633 
heat illness, 633-634 
spondylolisthesis, 631 
spondylolysis, 631 
in volleyball, 733 
in water polo, 739 
Lunate aseptic necrosis, in volleyball, 733 
Lunate fractures, 377—378 
Lunatomalacia (Kienbéck disease) 
in pediatric athlete, 762 
in volleyball, 733 
Lung disease in children, chronic. See also specific disorders 
exercise and 
bronchiectasis, 274-275 
bronchopulmonary dysplasia, 274 
cystic fibrosis, 274 
Lunotriquetral instability, 367 
Luteinizing hormone, 226 
Lymphoma, exercise on, 802 


Macrocycle, 62, 743 

Macrophages, in muscle healing, 52 
Maddocks questions, 164 

Magnetic devices, 489 

Magnetic fields, static, 489 


Magnetic resonance imaging (MRI). See also specific disorders 


and injuries 
for compartment syndrome, 154 
of lower extremity, 399—406 
foot and ankle, 403—406, 404f406f 
hip, 399-400, 400f 
knee, 400—403, 401f-404f 
ordering of, 4 
of rotator cuff pathophysiology, 319 
strengths and weaknesses of, 116-117 
of upper extremity, 304-310 
elbow, 307-308, 308f 
shoulder, 304—307, 305f-307£ 
wrist and hand, 308-309, 309f, 310f 
uses of, 117 
Magnetic stimulation, 130 
Maintenance, of exercise routine, 79-80 
Maintenance stage, 61—62 
Maisonneuve fracture, 18 
Malignant brain edema, 289 
Mallet finger, 18, 310, 370, 381 
in basketball, 582 
in football, 630 
Mallet finger splint, 551 
Malpractice, 11 
Malunion, 17 
Mandibular fractures, 203 
March fracture, 18, 468 
Marfan syndrome, 174, 174t 
in basketball, 580, 581t 
screening for, 110 
Marijuana, 160 
Marine life exposures, 614-616, 615f 


Marrow-stimulating techniques, for articular cartilage injury, 32, 33t 


Martial arts, mixed (MMA), 590-592 
injuries in, 592 
ringside physician’s role in 
postfight, 592 
prefight, 590-591, 591t 
ringside, 591-592 
tules and regulations in, 590-592 
Massage, 566 
Mass participation events, 92-95 
chain of command at, medical, 93 
common sense principles for, 95 
communication plan at, 93 
definition of, 92 
epidemiology of, 92 
financial planning for, 94 
laboratory plan at, 93 
level of care at, 92-93 
logistics of 
medical aid station location in, 94 
transportation plan in, 95 
medical coverage at, 92 
medical-legal issues in, 95 
medication plan at, 93 
safety environment for, 92 
staffing at, 93-94 
training for, medical, 93 
triage and treatment guidelines at, 94 
Match, rugby, 670-673 
equipment in, 673 
formations in, 672—673 
goals of, 670-671 
pitch in, 671 
positions in, 671—672 
rules of, 671 
Maxillary fractures, 203 


Maxillofacial injuries, in ice hockey, 650-651, 650t 
Maximal accumulated oxygen deficit (MAOD), 27 


Maximal aerobic power (VOomax)s 26, 26t 
Maximal heart rate (HRimax), 24 


in cardiorespiratory endurance training, 59 


Maximal lactate at steady state (MLSS), 26 
Maximal voluntary ventilation (MVV), 23 
McConnell taping, 539, 543-544, 544f, 545f 
Mechanical axis, of lower extremity, 16 
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Medial calcaneal nerve (MCN), 472f, 473f 
entrapment of, 479 
neuritis of, 133t 
Medial (ulnar) collateral ligament (MCL), 422—423 
anatomy of, 422-423 
examination of, 426 
natural history of, 426 
treatment of, 426 
Medial (ulnar) collateral ligament (MCL) injuries 
mechanism of, 426 
MRI of, 309 
by sport 
in alpine skiing, 688 
in baseball, 576 
in football, 628 
in gymnastics, 641 
in ice hockey, 652 
in lacrosse, 666 
tear, MRI of, 308, 309f, 310, 310f 
Medial (ulnar) collateral ligament (MCL) instability 
epidemiology of, 357 
history of, 357 
imaging studies of, 358 
treatment of 
nonoperative, 358 
operative, 359 
Medial epicondyle apophysitis, in pediatric athlete, 760 
Medial epicondyle injuries 
apophyseal stress injury, MRI of, 308 
in pediatric athlete 
avulsion, 758 
fractures, 361 
Medial epicondylitis 
MRI of, 308 
by sport 
in golf, 636 
in lacrosse, 667 
in tennis, 718 
Medial facet, patellar, 430 
Medial hallucal nerve, 481 
Medial hallucal nerve entrapment, 481 
Medial/lateral meniscectomy, arthroscopic partial, rehabilitation after, 571 
Medial malleolar stress fracture, 468 
in running, 683 
Medial meniscus 
anatomy of, 414 
biomechanics and function of 
additional roles of, 416 
in knee stability, 416 
in motion, 415 
Medial patellofemoral ligament, 430 
Medial patellofemoral ligament injury, in bicycling, 604 
Medial patellotibial ligament, 430 
Medial plantar nerve (MPN) 
anatomy of, 471, 472f, 473, 473f, 477 
entrapment of, 451, 477 
Medial retinaculum, patellar, 430 
Medial tibial stress syndrome (MTSS) 
orthotics for, 534 
by sport 
in basketball, 582 
in running, 680-681 
in soccer, 698 
Median nerve, 392—394 
Median nerve entrapment 
anterior interosseous nerve syndrome, 393 
carpal tunnel syndrome, 393-394 
digital nerve, 394 
ligament of Struthers site, 392 
pronator syndrome, 392-393 
Median nerve injuries 
MRI of, 309 
musculoskeletal ultrasound for, 125 
Medical conditions. See also specific conditions 
sports participation and, 111, 112t—-114t 
Medical evaluation, preseason, in pediatric athlete, 764 
Medical responsibilities, 2-3 
Medications, 497. See also Drugs; Ergogenic aids; specific medications 
prescribing and dispensing of, 12 
Meningitis, 214 
Meniscal allograft transplantation, 419—420 
Meniscal injuries, 414—420 
diagnosis of, 416-417 


841 


842 Index 


Meniscal injuries (continued) 
epidemiology of, 416 
MRI of, 417 
by sport 
in figure skating, 624 
in football, 628 
in gymnastics, 641 
in soccer, 698 
in wrestling, 754 
tears 
MRI of, 402—403, 402f 
patterns of, 417 
treatment of 
future directions in, 420 
general principles of, 418-419 
meniscal substitutes in, 419—420 
meniscus repair in, 418 
nonoperative, 418 
operative, 418 
outcomes of, 419 
partial meniscectomy in, 418—419 
Meniscal substitutes, 419—420 
Meniscectomy 
arthroscopic partial medial/lateral, rehabilitation after, 571 
partial, 418-419 
Meniscus 
biomechanics and function of 
additional roles of, 416 
in knee stability, 416 
in motion, 415 
lateral 
anatomy of, 414 
attachments of, 414—415 
discoid, 762 
medial, 414 
microscopic anatomy of, 415 
neurovascular anatomy of, 415 
nutrition of, 415 
Meniscus repair, 418 
rehabilitation after, 571—572 
Meniscus scaffolds, 420 
Menstrual blood loss, 230 
Menstrual dysfunction 
amenorrhea in, 776-778, 777£ 
in figure skating, 626 
in gymnasts, 644 
Mental retardation, 781. See also Intellectual disabilities 
Meralgia paresthetica, 480 
Mesenchymal syndrome, 364 
Mesocycle, 62, 743 
Metabolic disease, signs and symptoms in, 137, 138t 
Metabolic energy equivalents (METs), 19, 25, 137 
Metabolism, aerobic, 497 
Metacarpal fractures, 378-379 
base, 380 
neck, 379-380 
Metacarpal joint dislocations, in lacrosse, 668 
Metacarpophalangeal (MCP) joint injuries, 370 
Metaphysis, 16 
Metatarsal and phalangeal fractures, 461—462 
epidemiology and etiology of, 461 
fifth metatarsal base, 462, 462f 
metatarsal neck and head, 462 
metatarsal shaft, 461—462 
phalangeal, 462 
physical examination of, 461 
radiographic examination of, 462 
sesamoid, 462 
Metatarsal fracture, stress, 404, 404f 
Metatarsalgia, 454 
in bicycling, 605 
Metatarsal head cut out, 535 
Metatarsal head fractures, 462 
Metatarsal head osteochondrosis, 763 
Metatarsal neck fractures, 462 
Metatarsal pads, 535 
Metatarsal shaft fractures, 461—462 
Metatarsal stress fractures, 468—469 
Metatarsophalangeal (MTP) joint injury 
in football, 629 
hallux rigidus, 452-453 
hallux valgus, 453 
skier’s toe, 599 


synovitis of, 454, 471 
turf toe, 453—454 
Methacholine challenge, 157, 274 
Methylxanthines, for asthma, 250 
MET-minutes, 19 
METs, 19, 25 
10,000-m hematuria, 189, 190 
Microcycle, 62 
Microfibrils, 55 
Microfracture, for articular cartilage injury, 32, 33t 
Microscopic hematuria, in triathlons, 727 
Midaxillary artery aneurysm, in baseball, 576-577 
Middle ear barotrauma, 611-612, 613t 
“Middle ear squeeze,” 611-612, 613t 
Middle phalangeal fractures, 381 
Midfoot, 450, 459 
Midfoot injuries 
fractures, 459—461 
soft tissue, 450—452 
Midsole, shoe, 530, 532 
Milch technique, 314 
Mild traumatic brain injury (MTBI) 
in basketball, 579-580 
in soccer, 699 
Military press, seated, 744 
Minerals, in sports nutrition in athletes, 69 
Minute ventilation (VE), 23 
Mixed martial arts (MMA), 590-592 
injuries in, 592 
ringside physician’s role in 
postfight, 592 
prefight, 590-591, 591t 
ringside, 591-592 
rules and regulations in, 590-592 
Mixed nerve action potential (MNAP), 129 
Mode 
of cardiorespiratory endurance training, 59 
of muscular strength and resistance training, 60 
Moderate exercise, 211 
Modified Outerbridge classification, 19, 31, 31t 
Molluscum contagiosum, 185 
in wrestling, 755 
Moments, during sports, 795 
Monocular athlete, 198 
Mononucleosis, infectious, 213 
Monteggia fracture, 18 
Morton neuroma, 454, 471, 472f 
anesthetic and corticosteroid injections for, 527 
Morton’s extension, 535 
Morton’s toe, 133t 
Motion, active, 15 
Motion control, shoe, 531 
Motivational interviewing, 80 
Motor neurons, 21, 51 
Motor pathway, 128 
Motor performance, weightlifting for, 746t 
Motor unit, 21, 51, 741 
Motor unit action potentials (MUAPs), 131 
Mountain biking, 601. See also Bicycling 
Mountaineering, 656 
Mouth, 206, 207f 
Mouth breathing, 211 
Mouth guard, 210 
for basketball, 83, 581 
for football, 82 
in pediatric athlete, 764 
for soccer, 83 
Mouthpiece, ice hockey, 647 
MRSA infections 
skin, 184, 185 
in wrestling, 755 
Multibeam imaging, 122 
Multidirectional instability (MDI), shoulder, 312, 314, 315 
Multimodal exercise, 61 
Multiple myeloma, 799t 
Multiple regression, 164 
Municipal law, 9-10 
Murmur, heart, sports clearance with, 112t 
Muscle contraction. See Contraction, muscle 
Muscle-derived stem cells (MDSCs), 52 
Muscle electrical stimulation, 489 
Muscle endurance, local, weightlifting for, 746t 
Muscle fibers, 51, 741 


Muscle hypertrophy, 28, 742 
weightlifting for, 745t 
Muscle injury and repair, 51-55 
anatomy and physiology of, 51-52 
classification of, 52 
contusion injury, 54 
cramps, 55 
delayed-onset muscle soreness, 28, 53-54 
epidemiology of, 51 
laceration, 55 
platelet-rich plasma therapy in, 516-517 
reparative process in, 52 
strain injury, 52-53 
Muscle physiology, 741-742 
Muscle power, weightlifting for, 746t 
Muscle ruptures. See also specific types 
gastrocnemius, 435—436 
Muscle, skeletal. See also specific muscles 
aerobic exercise on, 64 
anatomy and physiology of, 51-55 
concentric and eccentric contractions in, 741 
contraction of, 741 
fiber types in, 741 
hypertrophy of, 742 
isometric, isotonic, and isokinetic contractions in, 742 
resistance training response of, 742 
Muscle soreness, delayed-onset, 28, 53-54 
Muscle spindles, 21 
Muscular power 
vs. muscular strength, 747 
training for, 747 
Muscular strength 
definition of, 742 
vs. muscular power, 747 
weightlifting for, 745t 
Muscular strength training, 747 
in pediatric athlete, 764 
progression of, 60 
resistance, 742 
Musculocutaneous nerve, 349, 391-392 
Musculocutaneous nerve entrapment, 392 
Musculoligamentous injuries, thoracic and lumbar spine, 300-301 
Musculoskeletal assessment, 108, 108t 
Musculoskeletal disorders. See also specific disorders 
sports clearance with, 113t 
Musculoskeletal injuries, 89. See also specific injuries 
Musculoskeletal pain. See also specific types 
as malignancy, 799-800, 799t 
Musculoskeletal ultrasound. See Ultrasound, musculoskeletal 
Musculotendinous junction, 51 
Musician, medical care of, 607-608 
Myelin, 45 
Myelinated fibers, conduction in, 128 
Myelopathy, surfer’s, 708 
Myocardial ischemia, exercise testing for, 141 
Myocardial oxygen compensation, 137 
Myocarditis, 214-215 
Myofascial trigger point injections, 527 
Myofiber, 51 
Myofibril, 741 
Myofilaments, 21 
Myosin, 21 
Myosin crossbridges, 741 
Myositis ossificans, 54 
in ice hockey, 651 
in lacrosse, 667—668 
Myostatin, 502 
Myostatin inhibitors (antagonists), 502-503 





Nail avulsion, 368 
Narcotics, 160 
Nasal breathing, 211 
Nasal injuries, 88, 202-203 
fractures, 202, 753 
by sport 
in boxing, 589 
in wrestling, 753 
National Center for Catastrophic Sports Injury Research (NCCSIR), 96 
National Collegiate Athletic Association (NCAA), drug testing by, 159 
Natural law, 10 
Nausea and vomiting, in triathlons, 727 
Navicular bone, avascular necrosis of, 763 
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Navicular fractures, 460 
in pediatric athlete, 759 
stress, 468 
in basketball, 583 
in figure skating, 624 
in running, 683 
Near infrared spectroscopy (NIRS), for compartment syndrome, 154 
Neck injuries, 87 
in bicycling, 604 
in rugby, 674 
in wrestling, 754 
Neck pain, differential diagnosis of, 293 
Nedocromil sodium 
for asthma, 249 
for exercise-induced asthma, 251 
Needle examination, 130-131, 130t 
Neer impingement sign, 318 
Negative predictive values, 16, 16t 
Negligence, 10, 11 
Neoplasm, malignant. See Cancer 
Nerve conduction studies (NCSs), 45, 129-130, 129t 
Nerve entrapment. See also specific nerves specific types 
interosseous, in racquet sports, 47 
lower extremity, 471—481 (See also Lower extremity 
nerve entrapments) 
in rowing, 594 
upper extremity, 384-397 (See also Upper extremity nerve entrapments) 
Nerve injuries. See also specific types 
pathophysiology of, 128-129, 129t 
Nerve injuries, peripheral, 45—49 
anatomy in, 45 
carpal tunnel syndrome, 49 
classification of 
Seddon, 19, 45, 128 
Sunderland, 19, 45 
in contact sports 
axillary nerve injury, 48 
peroneal nerve injury, 48 
stingers and burners, 47—48, 87, 631 (See also Stingers) 
diagnosis of, 45 
epidemiology of, 45 
etiology of, 45 
in noncontact sports 
cycling, 47 
epidemiology of, 46 
racquet, 47 
volleyball, 47 
prognosis of, 45 
in sports, 47 
in throwing sports 
axillary nerve, 48 
suprascapular nerve, 48 
ulnar nerve, 48 
treatment of, 45 
Nerve recovery. See also specific nerves 
return to play and, 132 
Nervous system 
aerobic exercise on, 64 
spinal anatomy of, 298 
Neurapraxia, 19, 45, 128-129, 129t 
Neuritis. See also Lower extremity nerve entrapments; Upper extremity 
nerve entrapments 
medial calcaneal, 133t 
saphenous, 472f, 473f, 480 
ulnar, in baseball, 576 
Neurogenic thoracic outlet syndrome (NTOS), 388-389 
Neurology, 236-241 
concussions, 236-238 (See also Concussion, head [cerebral] ) 
epidemiology of, 236 
epilepsy, 236, 239-241 (See also Epilepsy) 
headaches, 236, 238-239 
Neuroma 
in amputee athlete, 789 
interdigital, 454, 471, 472f 
Morton, 454, 471, 472f 
anesthetic and corticosteroid injections for, 527 
Neuromuscular electrical stimulation, 489 
Neuropsychological testing, in concussion, 162-170, 237 
administration of, 169 
age on, 169 
baseline testing in, 168 
arguments of, 170 
factors in, 169-170 
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Neuropsychological testing, in concussion (continued) 
comprehensive (clinical), 164-168 
ANAM, 165-166 
CogSport/Axon Sports CCAT, 165-167 
computerized, 165, 165t 
Headminder Concussion Resolution Index (CRI), 167 
Immediate Postconcussion Assessment and Cognitive Test (ImPACT), 
167-168 
paper-and-pencil (clinician-administered), 164-165, 165t 
dehydration on, 170 
epidemiology of, 162 
factors in, 168 
future directions in, 170 
interpretation of, 169 
prior concussion on, 169-170 
sex on, 169 
sideline (brief), 164 
statistical factors in choice of, 163—164 
symptomatology and recovery in, 170 
types of, 163 
value of, 162 
Zurich Consensus statement on, 162 
Neurosensory testing, for compartment syndrome, 154 
Neurotmesis, 19, 45, 129, 129t 
Neutral zone, 493 
Neutral zone control, 493 
Nightstick fracture, 18 
Nitrogen dioxide—induced lung injury, 652 
Noble’s test, 437 
No-decompression dive, 611 
Nonallergic rhinitis, 256-258, 257f, 257t, 258t 
Nonmaleficence, 6 
Nonparticipant emergencies, 2 
Nonsteroidal anti-inflammatory drugs (NSAIDs) 
as ergogenic aids, 498t, 503-504 
for muscle strain, 53 
for tendon injuries, 56 
Nonunion, 17 
Nordic skiing, 596—600. See also Cross-country skiing 
Norepinephrine, 222 
Nosebleeds, 88, 202-203 
in lacrosse, 668—669 
in wrestling, 753 
Novel nutritional immune formula (NNIF), 216 
Number needed to harm (NNH), 16 
Number needed to treat (NNT), 16 
Nutrient timing, 70-71, 70f 
Nutrition, 2 
on fracture repair, Al 
in geriatric athlete, 771-772, 771t 
Nutritional supplements. See also specific supplements 
general discussion of, 72-74 
in HIV-infected, 809 
Nutrition, sports, 66-74 
in athletes 
carbohydrates, 68-69 
fat, 69 
protein, 69 
vitamins and minerals, 69 
electrolytes in, 70 
energy metabolism basics in, 66—68 
energy needs in, general, 66, 67t 
energy sources and stores in, 66, 67t 
energy systems in, 66-68, 67f, 68t 
fuel utilization determinants in, 68, 68f 
ergogenic agents and nutritional supplements in, 72-74 
antioxidants, 74 
branched-chain amino acids, 74 
caffeine, 73 
carnosine and B-alanine, 73 
creatine, 73 
energy drinks, 74 
overview of, 72-73 
protein powders, 73 
sport bars, 74 
sport drinks, 74 
female, 74 
in geriatric athlete, 771-772, 771t 
hydration and fluid replacement in, 69-70 
nutrient timing in, 70-71, 70f 
nutritional issues in 
carbohydrate manipulations in, 72 
glycemic index in, 71-72, 72f 


high-fat diets in, 72, 72f 
preexercise meals in, 71, 71t 
in triathlon, 728-729 


Ober’s test, 437 
Obesity 
centripetal, 269 
epidemiology of, 77 
exercise and, 269 
sports clearance with, 113t 
Oblique fracture, 17 
Obturator nerve entrapment, 480 
Occipital triangle, 386 
Ocular evaluation, of injured athlete, 194-195, 195t 
Olecranon bursitis 
in ice hockey, 651 
in lacrosse, 668 
in wheelchair athlete, 788 
Olecranon fractures, 362 
pediatric, 361 
stress, in baseball, 576 
Omalizumab, for asthma, 249-250 
Omission, 10 
Onset of blood lactate accumulation (OBLA), 27 
Onychomycosis, 186 
Open fracture, 17, 89 
Open grip, 658 
Open pneumothorax, 85 
Ophthalmologic injury, 87-88 
Ophthalmology, 194-198 
common eye injuries in 
corneal abrasions, 196 
corneal/conjunctival lacerations, 196 
eyelid lacerations, 196 
foreign bodies, 197-198 
hyphema, 195-196, 195t 
orbital wall fracture, 197 
retinal detachment, 197 
ruptured globe/penetrating, 197 
subconjunctival hemorrhage, 197 
traumatic iritis, 195 
epidemiology of, 194 
monocular athlete in, 198 
ocular evaluation of injured athlete in, 194-195, 195t 
preparticipation eye exam in, 194 
protective equipment in, 198 
sports and injury risk in, 194 
Oral cancer, in baseball players from chewing tobacco, 576 
Oral contraceptives, cancer risk from, 798 
Oral injuries 
in basketball, 581 
in soccer, 699 
Oral jewelry, 209 
Orbital fractures, 203 
orbital floor blowout, in water polo, 736 
orbital rim, 88 
orbital wall, 197 
Orchiectomy, on athletic performance, 803 
Organ transplant recipient, sports clearance with, 113t 
Orthostatic hypotension, in spinal cord injury athlete, 790 
Orthotics, 533-536 
casting of, 535 
clinical conditions for, 533—534 
controversies, conclusions, and future research on, 
535-536 
goals of, 533 
indications and effects of, 533 
requirements for, 535 
selection of, 534—535 
specific components of, 535 
success with, 533 
types of, 534 
use of, 533 
Osgood-Schlatter disease 
in basketball, 583 
in pediatric athlete, 760 
in soccer, 697 
in tennis, in adolescents, 722 
Osseous anatomy, of thoracic and lumbar spine, 297 
Osseous stress reaction, in hip, 399 
Ossicles, accessory, 762 
Osteitis pubis, 410, 466 
in ice hockey, 652 


Osteoarthritis 
exercise and, 275 
in geriatric athlete, from running, 771 
prolotherapy for, 510 
Osteoblasts, 39 
Osteochondral autograft, for articular cartilage injury, 32, 34, 34t 
Osteochondral injuries, 432—433 
of elbow, MRI of, 308 
of knee, 403 
Osteochondral lesion (OCL), in pediatric athlete, 760 
Osteochondral lesions of the talus (OLTs), MRI of, 404, 405f 
Osteochondritis dissecans (OCD), 16, 362-363 
in baseball, 576 
of capitellum 
in gymnastics, 642 
in pediatric athletes, 760 
in water polo, 737 
in pediatric athlete, 760 
of talus, in pediatric athlete, 760-761 
Osteochondroplasty, rehabilitation after, 572-573 
Osteochondroses 
of capitellum, 362, 762 
definition of, 762 
of femoral head, 763 
of metatarsal head, 763 
in pediatric athlete 
Freiberg disease, 763 
Kohler disease, 763 
Legg-Calve-Perthes disease, 763 
Panner disease, 762 
Osteoclasts, 39 
Osteoconduction, 42 
Osteocytes, 39 
Osteogenesis, 42 
Osteoid, 40 
Osteoinduction, 42 
Osteomalacia, 225 
Osteoporosis. See also Female athlete triad 
exercise and, 272-273 
in female athlete, 778-779 
in geriatric athlete, 772 
in spinal cord injury athlete, 790 
Osteoporotic thoracic vertebral compression fractures, in elderly, 301 
Osteoprogenitor cells, 39 
Osteosarcoma, 799, 799t 
Osteotomy, 16 
Os trigonum, 450, 762 
painful, 450 
Otitis externa (OE), 201, 214 
in surfing, 709 
in swimming, 713 
in water polo, 737 
Otitis media (OM), 214 
Otorhinolaryngology, 200-204, 203 
ear injuries, 88, 200-202 
auditory exostoses, 202 
auricular hematoma, 83, 88, 201, 736 
laceration, 200-201 
otitis externa, 201 
tympanic membrane rupture, 202 
facial injuries, 203 
nasal injuries, 202-203 
sideline assessment of, 200 
tracheal injuries, 203—204, 204t 
Ottawa ankle rules, 442, 455 
Ottawa foot and ankle rules, 583, 583t, 584f 
Outerbridge classification, modified, 19, 31, 31t 
Outsole, 530 
Ovary absence, sports clearance with, 113t 
Overbite, 208 
Overload, 28, 60 
progressive, 61 
Overload principle, 742 
Overreaching, 265 
Overtraining, 62, 557. See also specific sports 
for triathlons, 727 
Overtraining syndrome, 265-268 
definitions in, 265 
differential diagnosis of, 266 
epidemiology of, 266 
evaluation of, 266-267, 267f 
history of, 265 
monitoring of, 267-268, 268t 
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pathophysiology of, 266 
physical findings in, 266 
physiologic changes in, 265 
prevention of, 268 
sympathetic vs. parasympathetic, 266 
treatment of, 267 
Overuse injuries. See also specific types and sports 
in climbing, 657 
in geriatric athlete, 771 
in pediatric athlete, 759-762 
epidemiology of, 759 
osteochondritis dissecans, 760 
osteochondritis dissecans of talus, 760-761 
pelvis apophysitis, 760 
risk factors for, 759 
Scheuermann disease, 761 
stress fractures, 761 
distal radius physeal, 761-762 
lunatomalacia (Kienbéck disease), 762 
pathophysiology and diagnosis of, 761 
proximal humeral physeal, 761 
spondylolysis, 761 
traction apophysitis, 759-760 
in triathlons, 726 
Overuse injury 
footwear in, 530 
of knee, in gymnastics, 641 
Overuse syndrome. See also specific sports and types 
in musicians, 608 
Oxygen compensation, excess postexercise, 27 
Oxygen consumption, in gait analysis, 146-147 
Oxygen content 
arterial, 136 
venous, 137 
Oxygen debt, 27 
Oxygen deficit, 27 
maximal accumulated, 27 
Oxygen kinetics, 27 
Oxygen pulse (O; pulse), 24 
Oxygen uptake (VCO,), 23, 23f 


Pace sign, 411 
Paddling, in surfing, 707 
Pain. See also specific types and locations 
electrodiagnostic testing for, 133 
Painful os trigonum, 450 
Pairs skaters, 621 
Palmar entrapment, of ulnar nerve, 397 
Pancreatic hormones, 220 
Panner disease, 308, 362, 762 
Paraffin baths, 485 
Paralympic, 749 
Paralympic Games, 749 
Paraplegia. See Disabled athlete 
Paratenonitis, 56 
Parathyroid hormone (PTH), 40, 224 
Paravertebral-multifidi muscles, 493 
Passive motion, 16 
Passive patellar tilt test, 431 
Patella 
apophysitis of inferior pole of, in pediatric athlete, 760 
bipartite, 430 
Patella alta, 430 
Patella baja, 430 
Patella injuries 
dislocation, 89 
MRI of, 403, 404f 
fractures, 433 
stress, 467 
Patellar chondral delamination, 403, 403f 
Patellar instability, 432 
in tennis, 720-721 
Patellar malalignment, 432 
Patellar medial facet, 430 
Patellar pain, 430 
taping for, 544, 544f, 545f 
Patellar pain syndrome, in bicycling, 604 
Patellar tendon, 430 
Patellar tendon injuries 
ruptures, 434—435 
tendinitis (jumper’s knee), 436 
in basketball, 583 
in volleyball, 732 





845 


846 Index 


Patellar tendon injuries (continued) 
tendinopathies 
in bicycling, 604 
prolotherapy for, 509 
in rowing, 594 
tendinosis 
in figure skating, 624 
proximal, 403 
Patellar tracking, taping for, 544, 544f, 545f 
Patellofemoral crepitus, 431 
Patellofemoral joint, 430-433 
anatomy of, 430 
injuries and disorders of 
in cross-country skiing, 598 
in Down syndrome, dislocation, 783-784 
excessive lateral pressure syndrome, 431, 432 
fractures, 433 
osteochondral, 432—433 
patellar malalignment and instability, 432 
synovial plica, 432 
in tennis, 720-721 
pain in, 430 
pain treatment in, general, 432 
physical examination of, 431 
radiographs of, 431 
Patellofemoral ligament, 430 
Patellofemoral (pain) syndrome 
orthotics for, 533 
by sport 
in basketball, 582 
in lacrosse, 666 
in running, 679-680 
in swimming, 712 
in tennis, 720—721 
Patent foramen ovale (PFO) 
diving with, 617 
pathophysiology of, 617 
Pathologic fracture, 18 
Patient—physician relationship, 12 
Pearson coefficient, 163 
Pectoralis major musculotendinous unit, MRI of, 306 
Pediatric athlete, 757-764 
anatomic variants in 
accessory ossicles, 762 
discoid lateral meniscus, 762 
tarsal coalition, 762 
concussion in 
incidence of, 757 
management and return to play in, 757 
epidemiology of, 757 
fractures in 
complete, 759 
greenstick, 759 
physeal, 758 
supracondylar, 759 
torus, 758-759 
wrist and forearm, 759 
osteochondroses in 
Freiberg disease, 763 
Kohler disease, 763 
Legg-Calve-Perthes disease, 763 
Panner disease, 762 
overuse injuries in, 759-762 
epidemiology of, 759 
osteochondritis dissecans, 760 
osteochondritis dissecans of talus, 760-761 
pelvis apophysitis, 760 
risk factors for, 759 
Scheuermann disease, 761 
stress fractures, 761 
distal radius physeal, 761-762 
lunatomalacia (Kienbéck disease), 762 
pathophysiology and diagnosis of, 761 
proximal humeral physeal, 761 
spondylolysis, 761 
traction apophysitis, 759-760 
safety in 
equipment, proper, 763-764 
female athlete triad, 764 
growth and development, 764 
heat and cold illness, 763 
hydration, 763 
preseason medical evaluation, 764 





strength training, 764 
sun exposure, 763 
Pelvic floor muscles, 494 
Pelvis apophysitis, in pediatric athlete, 760 
Pelvis injuries, 88 
acetabular labral tear, 412 
athletic pubalgia, 399, 409-410 
femoroacetabular impingement, 412 
fractures 
avulsion, 408 
stress, 408 
pubic rami, 466 
sacrum, 466 
loose bodies, 413 
osteitis pubis, 410, 466 
piriformis syndrome, 410—411 
soft tissue, 409 
by sport 
in basketball, 581—582 
in figure skating, 624-625 
Pelvis radiography, diagnostic, 120 
Penetrating injuries, ocular, 197 
Penile injuries, 193 
Peptic ulcer disease (PUD), 242, 244-245, 245t 
Performance 
body composition on, 497 
ergogenic aids for (See Ergogenic aids) 
Performance anxiety, 557-558 
Performance enhancers, 160 
Performance fuel source, 728 
Performance, motor, weightlifting for, 746t 
Performing arts, 607-610 
dancer care in, 608-610 
epidemiology of, 607 
musician care in, 607—608 
psychological disorders in, 610 
Perineurium, 45 
Periodization, 28, 62, 265, 743-744 
Periodontal disease, 209 
Periodontal ligament, 206, 207f 
Periosteum, 39 
Peripheral nerve 
anatomy of, 45 
injuries of (See Nerve injuries, peripheral) 
Peripheral nerve injury, 45—49. See also specific nerves 
Pernio, 183—184 
Peroneal nerve injuries, 48 
electrodiagnostic testing for, 134 
Peroneal nerves 
anatomy of, 474f 
entrapment of, 133t, 134 
Peroneal tendon injuries, 450 
in cross-country skiing, 599 
tears, MRI of, 405 
Peroneus brevis tendon transfer, 445 
Peroneus longus tendon, 450 
Perthes lesion, MRI of, 304, 305f 
Pes anserine bursa, 438 
Pes anserine bursitis, 438, 526 
in bicycling, 604 
Pes cavus, orthotics for, 534 
Phalangeal injuries 
fractures, 381, 461—462 
etiology of, 464 
joint dislocations, in lacrosse, 668 
Pharmacology, expertise in, 2 
Pharyngitis, 213 
Phonophoresis, 486 
Phosphagen system, 67f, 68, 68t 
Phosphorus, in bone health, 224 
Physeal fractures 
in pediatric athlete, 758 
Salter-Harris classification of, 758 
stress, in pediatric athlete 
distal radius, 761-762 
proximal humeral, 761 
Physeal injuries, in tennis, in adolescents, 722 
Physical activity, 20. See also Exercise 
benefits of, 77-78 
initiating and increasing, 553 
recommendations for, 77 
Physical activity levels (PAL), 66, 67t 


Physical examination, preparticipation. See Preparticipation physical examination (PPE) 


Physical fitness, 20 
Physical function, 20 
Physical modalities, 484-490. See also specific modalities 
cold, 487—488 
complementary and alternative 
acupuncture, 489 
low-intensity laser therapy, 489 
static magnetic fields, 489 
electrotherapy, 488—489 
heating, 484—487 (See also Heating modalities) 
Physician, team. See Team physician 
Physiology, exercise. See Exercise physiology 
Physis, 16 
Piedmont fracture, 18 
Piezogenic papules, 182-183 
Pincer impingement, 412 
Piriformis syndrome, 410—411 
Pirouette, 609 
Pisiform fractures, 377 
Pitch 
in baseball (See Baseball) 
rugby, 671 
windmill, 704 
Pitching injuries, in softball, 704 
Pitted keratolysis, 185 
Pituitary hormones, posterior 
antidiuretic hormone, 225 
exercise-associated hyponatremia and, 225-226 
Pivot shift test, 423—424 
Plaintiff, 10 
Plank core-strengthening exercise, 494f, 495 
Plantar fascia injections, 527 
Plantar fasciitis, 406, 451—452 
insertional, 451—452 
orthotics for, 533 
prolotherapy for, 510 
by sport 
in figure skating, 624 
in running, 682-683 
Plantar flexors, 461 
Plantar nerve entrapment, 133t 
Plantar warts, 185 
Plaster, for casting and splinting, 549 
Plateau, 26 
Platelet concentrate, 513 
Platelet-derived growth factor (PDGF), 52 
Platelet releasate, 514 
Platelet-rich fibrin matrix, 513 
Platelet-rich growth factor (PRGF). See Platelet-rich plasma (PRP) therapy 
Platelet-rich plasma (PRP) therapy, 16, 513-518 
for arthritis, 517 
categories of, 515 
conclusions on, 518 
definition of, 513 
history of, 513 
for ligament injuries, 517 
for muscle injuries, 516-517 
for tendon injuries, 57, 515-516 
terminology for, 513-514 
variables in, 514-515 
Platelets 
abnormalities of, 231—232 
function of, 512 
Playing surface, 81 
Play, return to. See Return to play; specific conditions 
Plicae, 438 
in bicycling, 604 
synovial, 438 
Plié, 609 
Plyometrics, 28 
Pneumonia, cough in, 212-213 
Pneumothorax, 85 
open, 85 
spontaneous, in diving, 618 
tension, 85 
Pointe, 609 
Poisonous fish envenomation, 615, 615f 
Pole vaulting, catastrophic injuries in, 98 
Polycythemia, 231 
Polycythemia vera, 231 
Polysegmental muscles, 493 
Popliteofibular ligament, 423 
Popliteus tendinitis, 436-437 
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Popliteus tendon, 436 
Portuguese man-of-war sting, 709 
Positive predictive values, 16, 16t 
Postconcussion syndrome, 237, 288-289 
Posterior ankle splint, 551 
Posterior capsule strain, in bicycling, 604 
Posterior cruciate ligament (PCL), 422 
anatomy of, 422 
evaluation of, 425 
management of, 425—426 
mechanism of injury of, 425 
natural history of, 425 
Posterior cruciate ligament (PCL) tear, MRI of, 402 
Posterior drawer test, 425 
Posterior fourchette (PF) tear, 451 
Posterior impingement syndrome, in dance, 609 
Posterior inferior glenohumeral ligament (PIGHL) overload, 353 
Posterior ligamentous complex (PLC), 298 
Posterior longitudinal ligament (PLL), 298 
Posterior long leg splint, 551 
Posterior-medial tibial shaft stress fracture, 467 
Posterior oblique ligament (POL), 422—423 
Posterior pituitary hormones 
antidiuretic hormone, 225 
exercise-associated hyponatremia and, 225-226 
Posterior process fractures of the talus, 458 
Posterior sag test, 425 
Posterior talofibular ligament (PTFL), 440 
Posterior talofibular ligament (PTFL) injuries 
in lacrosse, 666 
in soccer, 697 
in tennis, 721 
Posterior tibial tendon dysfunction, orthotics for, 533-534 
Posterior tibial tendon injury, 449-450 
Posterior triangle, 385 
Posterolateral corner, 423 
anatomy of, 423 
evaluation of, 427 
mechanism of injury of, 427 
natural history of, 427 
treatment of, 427 
Posterosuperior glenoid impingement, pathophysiology of, 318 
Posterosuperior impingement (PSI) syndrome, MRI of, 306, 307f 
Postinjection flare, from injections, 520, 521t 
“Post mold” splint, 551 
Postoperative athletes, 570-574 
ankle Brostrom-Gould procedure rehabilitation, 572 
anterior cruciate ligament reconstruction, 570-571 
hip arthroscopy rehabilitation, 572-573 
lateral epicondyle debridement/release, 574 
medial/lateral meniscectomy, arthroscopic partial, 571 
meniscus repair rehabilitation protocol, 571-572 
rotator cuff repair, arthroscopic, 573-574 
superior labral tear (slap lesion), 574 
Poststroke patients, exercise in, 271 
Posttraumatic seizure, 289 
Power, 16, 25 
aerobic, maximal, 26, 26t 
critical, 27 
muscle 
training for, 747 
weightlifting for, 746t 
Practice, team, 1-2 
Precontemplation, 79 
Predictive values, negative, 16, 16t 
Preexercise meals, 71, 71t 
Pregnancy 
diving in, 779 
exercise in, 779-780 
Prehypertension, 269 
Preload, diving on, 616 
Premature ventricular contractions (PVCs), exercise testing for, 137 
Preparation, for exercise, 79 
Preparticipation assessment (PPA), is disabled athlete, 786-787 
Preparticipation physical examination (PPE), 2, 102-114, 782 
with cancer, 800 
clearance in, 111, 111t-114t 
content of, 102-103 
diagnostic tests in, 109 
in disabled athlete, 786-787 
exercise-related sudden death screening in, 109-110 
format of, 102 
frequency and timing of, 102 
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Preparticipation physical examination (PPE) (continued) 
of geriatric athlete, 768-769, 769t 
goals of, 102 
history in, medical, 103, 104f-107f 
with intellectual disabilities, 782 
ocular, 194 
in pediatric athlete, 764 
physical examination in, 103-109 
blood pressure, 108 
cardiovascular, 103, 108 
eye, 194 
musculoskeletal, 108, 108t 
other areas, 108—109 
providers of, qualified, 102 
specific medical conditions and clearance in, 111, 112t—114t 
Prepatellar bursa, 437 
Prepatellar bursitis, 437—438 
in wrestling, 754 
Prescription, exercise. See Exercise prescription 
Pressure, depth on, in diving, 611, 612t 
Pressure ulcer. See Skin breakdown 
Pressure urticaria, 260, 260t 
Prevalence, 17 
Prevention, injury. See also specific injuries and sports 
of catastrophic sports injuries, 101 
evaluating programs for, 4 
observations and injury data for, 4 
PRICE, 443 
Prickly heat, 183 
Primary bone, 39 
Privacy, 12 
Profile of Mood States (POMS), 268 
Progression 
of muscular strength and resistance training, 60 
rate of, 61-62 
Progressive overload, 61 
Progressive resistance training recommendations, weightlifting 
motor performance, 746t 
muscle endurance, local, 746t 
muscle hypertrophy, 745t 
muscle power, 746t 
older adults, 746t 
strength, 745t 
Proinflammatory therapies. See Prolotherapy 
Prolonged strenuous exercise, cancer risk from, 799 
Prolotherapy, 507-510 
agents in, 508 (See also Autologous blood; Platelet-rich plasma [PRP] 
therapy) 
contraindications and adverse reactions to, 510 
definition of, 507 
evidence for, 509-510 
history of, 507-508 
mechanism of action of, 508 
technique of, 509 
theoretic basis of, 508—509 
uses of, common, 507 
Pronator syndrome, 392-393 
Prophylactic bracing, 547 
Proprioception, 16 
Prostate cancer prevention, exercise for, 801-802, 801t 
Protective equipment. See also specific sports 
for baseball/softball, 82 
for basketball, 83 
for eyes, 198 
for football, 81-82 
for ice hockey, 82 
for lacrosse, 82 
for racquet sports, 82-83 
for soccer, 83 
for wrestling, 83 
Protein, 69 
Protein powders, 73 
Proteinuria, 189, 190, 192f 
Protocols, when not available, 3 
Provocation electrodiagnostics, 131 
Proximal fifth metatarsal stress fracture, in running, 683 
Proximal humerus fractures, 314 
physeal stress fractures, in pediatric athlete, 761 
Proximal interphalangeal (PIP) joint injuries, 369 
rotary subluxation, 369 
volar dislocations, 369 
Proximal phalangeal fractures, 381 
Proximal phalanx of thumb fractures, in lacrosse, 669 


Proximal radius fractures, pediatric, 361-362 
Proximal tibial metaphysis stress fracture, 467 
PR segment, 136 
Pseudoanemia, athletic, 229 
Pseudoarthrosis, 18 
Pseudoboutonniére deformity, 371 
Pseudoephedrine, 498t, 502 
Pseudoerythrocytosis, 231 
Psicobloc, 656 
Psychological considerations, 553-558, 553-559 
alcohol use and dependence, 555-556, 555t, 556t 
disordered eating behavior, 554-555, 554t 
exercise dependence and overtraining, 557 
exercise on psychology in, 553 
in golf, 638 
initiating and increasing physical activity in, 553 
performance anxiety, 557—558 
in rehabilitation 
injury rehabilitation, 558-559, 559t 
referral to specialty behavior services, 559 
sleep disturbance, 558 
tobacco use and dependence, 556-557, 557t 
Psychologist, sport, 559 
Pubic ramus stress fracture, 399, 400f, 466 
Pudendal neuropathy, in bicycling, 47, 605 
Pulmonary barotrauma, 612, 613t 
Pulmonary disorders, 248-254 
asthma, 248-252 (See also Asthma) 
chronic obstructive pulmonary disease, 252-253 
cystic fibrosis, 253 
respiratory infections, 253-254 
signs and symptoms suggestive of, 137, 138t 
sports clearance with, 113t 
Pulmonary edema, high altitude, 283—284, 284t 
Pulmonary ventilation, 23 
Pulpitis, 208 
Pulp, tooth, 206, 207f 
Pulsed electromagnetic fields (PEMFs), 487, 564 
for bone healing, 43 
Pump bump, in figure skating, 624 
P value, 16 


Qangle, 431 
Quadratus lumborum, 494 
Quadriceps injuries, 409 

in football, contusion, 629 

musculoskeletal ultrasound for, 124 
Quadriceps tendinitis, 436 
Quadriceps tendinopathy 

in bicycling, 604 

in rowing, 594 
Quadriceps tendon ruptures, 435 
Quadrilateral space syndrome, 48 
Quality, study (evidence), 17 
Quantitative electromyography, 131 


Race flats, 532 
Race spikes, 532 
Racing flats, 531 
Racquet sports, protective equipment for, 82-83 
Radial collateral ligament injury, 370 
Radial gutter cast, 550 
Radial gutter splint, 550 
Radial head fractures, 362 
Radial neck fractures, pediatric, 361-362 
Radial nerve, 394 
Radial nerve entrapment, 395 
Radial tunnel syndrome, 395 
Radiation risk, in traveling athletes, 798 
Radiculopathy, upper extremity, 385 
Radiography 
plain 
site-specific uses of, 119-120 
strengths and weaknesses of, 116 
uses of, 117 
stress 
strengths and weaknesses of, 116 
uses of, 117 
Radionuclide bone scanning 
strengths and weaknesses of, 117 
uses of, 118 


Radius fractures 
distal, 375-376 
proximal, pediatric, 361-362 
Randomized controlled, double-blind trial, 17 
Range of motion (ROM) 
active-assisted, 15 
passive, 16 
Rapport, with coach, 4 
Rating of perceived exertion (RPE), 25 
in cardiorespiratory endurance training, 59-60 
Readiness to change, assessing, 79-80 
Rearfoot posting, lateral, 535 
Recombinant erythropoietin (rEPO), 160, 498t, 500 
Recommendation grades, strength of, 17 
Record keeping, 4 
Recovery, 265 
Recovery-Stress Questionnaire for Athletes (RESTQ-Sport), 268 
Recreational drugs, 160 
Recurvatum, 16 
Reduction 
of shoulder instability 
methods for, 313—314 
postreduction care in, 314 
of sternoclavicular joint, 327-329, 328f, 329f 
Reflex sympathetic dystrophy (RSD), 550 
Refractory period, in asthma, 252 
Regression techniques, 164 
Rehabilitation. See also specific injuries 
after baseball injury, 577 
after surgery 
ankle Brostrom-Gould procedure, 572 
anterior cruciate ligament reconstruction, 570-571 
hip arthroscopy, 572-573 
lateral epicondyle debridement/release, 574 
medial/lateral meniscectomy, arthroscopic partial, 571 
meniscus repair protocol, 571-572 
rotator cuff repair, arthroscopic, 573-574 
superior labral tear (slap lesion), 574 
psychology of 
in injury rehabilitation, 558-559, 559t 
referral to specialty behavior services in, 559 
Rehabilitative bracing, 547 
Relationship 
athlete-physician, 12 
with colleagues, 8 
Relative intensity, 28 
Relaxation, exercise and, 62 
Reliability, 163 
Reliable change index (RCI), 163-164 
Remodeling, 18 
Remodeling stage, of bone healing, 41 
Renal disease, chronic, in athletes, 272 
Renal failure, acute, 189, 190-191 
Renal trauma, 191—192 
Repair stage, of bone healing, 40 
Repetition maximum (RM), 27 
Repetitions, 27 
in cardiovascular endurance prescription, 79 
Reportable diseases, 216 
Research, 4 
Resistance exercise 
adaptations to, 64 
with aerobic exercise, in HIV-infected, 810-811 
biomechanical factors in muscle strength in, 28 
with cancer, 800 
definition and use of, 27 
delayed-onset muscle soreness in, 28 
in HIV-infected, 810 
resistance training concepts in, 28 
weight training parameters in, 27—28 
Resistance training 
adaptations to, 28-29 
recommendations for, 60 
on skeletal muscle, 741, 742 
Resolution, ultrasound 
axial, 122 
lateral, 122 
principles of, 121-122 
Respiratory condition, sports clearance with, 113t-114t 
Respiratory exchange ratio (RER), 24 
Respiratory heat exchange theory, 274 
Respiratory quotient (RQ), 24 
Respiratory rate (fg), 23, 23f 
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Respiratory tract infections, 253-254 


upper, 211, 212, 253-254 
sports clearance with, 114t 


Responsibilities 


administrative, 3 
communication, 3—4 
medical, 2-3 

of team and athletes, 11 

of team physician, 1, 10-11 


Resting energy expenditure (REE), 66 
Rest periods 


during training, 62 
in weightlifting, 744, 747 


Retardation, mental, 781. See also Intellectual disabilities 


Retinal detachment, 197 
Retrobulbar hemorrhage, 88 
Retrocalcaneal bursa, 452 
Retrocalcaneal bursitis, 452 
in soccer, 697 
Retrocondylar groove, ulnar nerve entrapment at, 396-397 
Retroflective taping landmarks, 147, 147t, 148f 
Retropatellar crepitus, 431 
Retropatellar knee pain, in cross-country skiing, 598 
Return to play 
after cervical spine injury, 295, 295t 
after concussion, 237, 237t, 287—288, 288t 
after infectious disease, 217 
after lumbar spine injuries, 302-303 
after thoracic spine injuries, 302-303 
with genitourinary disorders, 193 
nerve recovery and, 132 
Rhabdomyolysis, 232, 272 
exertional, 232 
follow-up to, 234 
fulminant, 233 
of isolated muscle or muscle group, 233-234 
mild, 232-233 
moderate, 233 
severe, 233 
in triathlons, 731 
Rhabdomyosarcoma, 799, 799t 
Rhinitis, 256—259. See also Rhinitis 
allergic, 256 
allergy testing for, 258-259 
epidemiology of, 256 
management of 
allergen immunotherapy in, 250t, 259 
athlete-specific medication issues in, 258 
medical therapy in, 256-258, 257f, 257t, 258t 
nonallergic, 256-258, 257f, 257t, 258t 
testing for, 258-259 
Rib fractures 
in lacrosse, 669 
in rowing, 593, 594 
in wrestling, 754 
Rib syndromes, 302 
Rib-tip syndrome, 302 
RICE principle, 53, 488 
Right ventricular cardiomyopathy, arrhythmogenic 
screening for, 110 
sudden cardiac death and, 173 
Rigid forefoot extension, 535 
Ringside physician 
in boxing, 586-589 (See also Boxing) 
in mixed martial arts, 590-592 
Risk management, 13 
Road cycling, 601. See also Bicycling 
Road rash, 181, 603 
Rock climbing, 656. See also Climbing 
Rock climbing injuries, 656-659, 657 
overuse, 657 
prevention of, 659-660 
treatment of, 659 
Rockwood method, 313 
Rodeo, 692-695 
cowboys, cowgirls, and organizations in, 692 
event preparation in, 694—695 
events and rules of, 693-694 
events in, 692, 693t 
history of, 692 
injuries and epidemiology of, 694 
injury prevention in, 695 
sport medicine in, 693 
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Rolando fracture, 18, 380 
Roping 
team, 693t 
tie-down, 693t, 694 
Rotary proximal interphalangeal joint subluxation, 369 
Rotation, 18 
Rotator cuff impingement 
management of, 355 
pathophysiology of, 354 
Rotator cuff inflammation, in tennis, 716 
Rotator cuff injuries 
in baseball, 575 
in throwing shoulder, 353 
in volleyball, 733 
in water polo, 737 
in wheelchair athlete, 787 
Rotator cuff pathology, 317-321 
examination in, 318 
history of, 317 
impingement or rotator cuff syndrome, 317 
pathophysiology of, 317-318 
postoperative rehabilitation in, 321 
radiographic examination in, 319 
treatment of 
nonoperative, 319 
surgical, 319-321 
Rotator cuff repair 
arthroscopic, rehabilitation after, 573-574 
rehabilitation after, 321 
surgical technique in, 320-321 
Rotator cuff strengthening, 319 
Rotator cuff tear (RCT), 314 
management of, 354 
MRI of, 304-306 
in tennis, 716 
in water polo, 737 
Rough stock, 693, 693t 
Rower’s rump, 183 
Rowing, 592-595 
injuries in, 593-595 
dermatologic problems, 594-595 
low back pain, 593 
nerve entrapment syndromes, 594 
overuse knee, 593-594 
rib stress fracture, 594 
tendinopathy, 594 
mechanics and equipment in, 593 
training in, 593 
Rowing stroke, 593 
Rows, 744 
Rug burn, 181 
Rugby, 670-676 
catastrophic injuries in, 101 
history of, 670 
injuries in 
epidemiology of, 673-675 
by position, 675 
prevention of, 675 
match in, 670-673 
equipment in, 673 
formations in, 672—673 
goals of, 670-671 
pitch in, 671 
positions in, 671—672 
rules of, 671 
popularity of, 670 
sideline preparedness in, 676 
Runner’s base, 705 
Runner’s diarrhea (trots), 242, 245-246 
in triathlons, 726 
Runner’s rump, 183 
Running, 677—683 
biomechanics of, 677-679 
kinematics of, 677-678 
kinetics of, 678-679 
running gait cycle in, 677 
epidemiology of, 677 
injuries in, common, 677, 678t, 679-683 
Achilles tendinopathy, 682 
exertional compartment syndrome, 681—682 
focal entrapment neuropathies, electrodiagnostic testing for, 133, 133t 
in geriatric athlete, 770-771 
iliotibial band syndrome, 680 
patellofemoral syndrome, 679-680 


plantar fasciitis, 682-683 
shin splints, 680-681 
stress fractures, 683 
joint load in, 795, 796t 
participation in, 677 
practical guidelines on, 683 
risk factors for injuries in, 677 
in triathlons, 725-731 (See also Triathlon) 
Running gait cycle, 677 
Running shoes, 530-533. See also Footwear 
Ruptured globe, 197 
Ruptured ligamentum teres, 413 


Sacroiliac (SI) joint dysfunction, 302 
in basketball, 582 
Sacroiliitis, in cross-country skiing, 598 
Sacrum, 297 
Sacrum stress fracture, 466 
Saddle, bicycle, 602, 602f 
Saddle bronc, 693, 693t 
Saddle sores, in bicycling, 605 
Sagittal ankle joint moment, 145 
SAID (specific adaptation to imposed demand), 28 
Salmeterol, 500 
Salter-Harris classification, of physeal fractures, 758 
Sanders classification, for calcaneal fractures, 459, 460f 
Sand toe, 733 
Sangeorzan fracture classification, 461 
Saphenous nerve, 472f, 473f, 475f, 480 
Saphenous nerve entrapment, 480 
Sarcolemma, 21 
Sarcomeres, 21, 51, 741 
Sarcoplasmic reticulum, in skeletal muscle, 51 
Satellite cells, 21,51 
in muscle healing, 52 
SAWA Shoulder Orthosis, 314 
Scalenus anticus syndrome, 388 
Scalp lacerations, 86 
Scaphoid fractures, 376 
in pediatric athlete, 759 
by sport 
in ice hockey, 651 
in lacrosse, 668 
Scapholunate dissociation, 367 
Scapholunate instability, MRI of, 309 
Scapula manipulation technique, 314 
Scapulothoracic articulation, 355 
Scapulothoracic dyskinesia, 355 
SCAT2, 164 
Scheuermann disease, 761 
Sciatica, in rowing, 594 
Sciatic nerve, 476t 
Sculling, 593 
Seabather’s eruption, 187 
in diving, 615, 615f 
in surfing, 709 
Seat, bicycle, 602, 602f 
Seated military press, 744 
Sea urchins, 615 
Seaweed dermatitis, 615 
Secondary bone, 39 
Second impact syndrome, 86-87, 238, 289, 632 
Seddon classification, 19, 45, 128 
Sedentary behavior, 20 
Segmental fracture, 18 
Segond fracture, 18 
Seizure. See also Epilepsy 
posttraumatic, 289 
sports clearance with, 113t 
Selective androgen receptor modulators, as ergogenic aids, 
498t, 499, 499t 
Self-determination theory model, for injury 
rehabilitation, 559 
Semimembranosus tendinopathy, in bicycling, 604 
Sensitivity, 16t, 17, 163 
Sensory nerve action potential (SNAP), 129 
Sensory pathway, 128 
Sensory receptors, in muscle, 21—22 
Septal hematoma, 88, 202 
Sesamoid bone, 16 
Sesamoid fractures, 462 
Sesamoid stress fractures, 469 
Sets, 28, 79 





Sever disease 
in gymnastics, 641 
in pediatric athlete, 760 
in soccer, 697 
in tennis, in adolescents, 722 
Sex hormones 
estrogen, 226 
luteinizing hormone, 226 
testosterone, 226—227 
Sexually transmitted diseases (STDs), 189, 216 
Shadowing, 123 
Shape, shoe, 530 
Shiners, allergic, 258 
Shin splints 
in basketball, 582 
in lacrosse, 667 
in running, 680-681 
in volleyball, 732 
Shock, hypovolemic, 86 
Shoes. See Footwear 
Short-acting By-agonists (SABAs) 
for asthma, 250 
for exercise-induced asthma, 251 
Short arm cast, 551 
Shortboards, 707-708 
Short bone, 16 
Short leg cast, 551 
Short leg walking cast, 551 
Short program, in figure skating, 621 
Shorts, bicycle, 605 
Short-term energy system, 67f, 68, 68t 
Shortwave diathermy (SWD), 487 
Shoulder 
anatomy of, 575 
diagnostic radiography of, 119 
motion of, 716 
MRI of, 304-307, 305f-307f 
throwing, 352-355 
Shoulder injuries 
dislocation, 89 
musculoskeletal ultrasound for, 125 
by sport 
in alpine skiing, 688 
in golf, 636 
in ice hockey, 651 
in lacrosse 
burners/stingers, 668 
subluxation/dislocation, 668 
in rugby, 674 
in softball, 703-704 
in tennis, 716-717 
in volleyball, 733 
in water polo, 737 
in wheelchair athlete, 787-788 
in wrestling, 754 
Shoulder instability, 312-315 
acquired, 312 
atraumatic, 312 
clinical presentation of, 313 
imaging of, 313 
natural history and nonoperative treatment of, 314 
operative treatment for, 315 
pathophysiology of, 312-313 
postreduction care in, 314 
reduction methods for, 313-314 
by sport 
in golf, 636 
in swimming, 712 
traumatic, 312 
Shoulder pads, for football, 82 
Shoulder pain 
in water polo, 737 
in wheelchair athlete, 788 
Shoulder replacement, athlete with, 792-797. See also Total joint replacement, 
athlete with 
Shoulder Subluxation Inhibitor (SSI) brace, 314 
Shoulder syndrome, 386 
Shoulder tears. See Superior labrum 
Shoulder, throwing, 352-355 
dead arm in, 353 
glenohumeral internal rotation deficit in, 353 
kinetic chain of throwing in, 352 
management of, 354-355 
pathophysiology of, 354-355 
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rehabilitation issues in, 354 
throwing motion in, 352 
Sickle cell disease, sports clearance with, 114t 
Sickle cell trait (SCT), 231 
diagnostic tests for, 109 
sports clearance with, 114t 
SICK scapula, 717 
Sideline awareness, 2 
Sideline coverage, 2 
Side plank core-strengthening exercise, 494f, 495 
Side stitch, 246 
Signals, in musculoskeletal ultrasound, 123—124 
Silver fork deformity, 375 
Simple regression, 164 
Sinding-Larsen-Johansson syndrome, in pediatric athlete, 760 
Single photon emission computed tomography (SPECT), strengths and 
weaknesses of, 117 
Singles skaters, 621 
Single sugar tong splint, 551 
Single support, 144 
Sinus barotrauma, 611—612, 613t 
Sinusitis, 212 
“Sinus squeeze,” 611-612, 613t 
Sinus tarsi pain, in figure skating, 624 
Sinus tarsi syndrome, MRI of, 405 
Sinuvertebral nerve, 297 
Sit bones tenderness, in bicycling, 605 
Skates, ice hockey, 648 
Skating. See Figure skating 
Skating boot, 622 
Skeletal muscle 
concentric and eccentric contractions in, 741—742 
contraction of, 741 
fibers of, 21, 22f 
fiber types in, 22-23, 22t, 741 
hypertrophy of, 742 
injury and repair of, 51-55 (See also Muscle injury and repair) 
physiology of, 21-23, 22f, 22t 
resistance training response of, 742 
Skier’s thumb, 370. See also Gamekeeper’s thumb 
in alpine skiing, 688 
in cross-country skiing, 596 
in lacrosse, 668 
MRI of, 309 
Skier’s toe, in cross-country skiing, 599 
Skiing 
alpine, 688-690 (See also Alpine skiing) 
cross-country, 596-600 (See also Cross-country skiing) 
disabled, 751 
joint load in, 795, 796t 
Skiing helmets, 688 
Skills, adaptive, 781 
Skin breakdown 
in amputee athlete, 788 
from casting and splinting, 550 
from injections, 520, 521t 
in spinal cord injury athlete, 789 
Skin depigmentation, from injections, 520, 521t 
Skin disorders. See also Dermatology 
in golf, 638 
sports clearance with, 114t 
Skin hyperpigmentation, from injections, 520-521, 521t 
Skin infections, in wrestling, 754-755 
Skin injuries, in bicycling, 603 
Skin testing, allergy, 259 
Skull fracture, 86 
SLAP lesion, rehabilitation after repair of, 574 
SLAP tear, in football, 629 
Sleep disturbance, 558 
Sliding-filament theory, 21, 741 
Sliding injuries, in softball, 703, 705 
Slow twitch muscle fibers, 22-23, 22t, 51, 741 
Snapping hip, 411 
Snapping hip syndrome, in dance, 609 
Snowboarder’s ankle, 689 
Snowboarding, 688-690 
participation in, 688 
Snowboarding helmets, 688 
Snowboarding injuries 
common, 689 
environmental and altitude, 689 
prevention of, 690 
Soccer, 696-700 
epidemiology of, 696-697 


851 


852 Index 





Soccer (continued) Spinal manipulation, 566 
history of, 696 Spindles, muscle, 21 
injuries in Spine, cervical 
ankle, 697 functional anatomy of, 292 
catastrophic, 98 pain in, 292 
facial and oral, 699 sport-specific biomechanics of, 293 
groin, 698-699 Spins, in figure skating, 622-623 
head, 699 Spiral fracture, 18 
knee, 697-698 Splenic injury, 88 
lower leg, 698 Splenomegaly, sports clearance with, 114t 
injury prevention in, 699-700 Splint 
participation in, 696 aluminum U-shaped, 551 
physical demands of, 696 dorsal extension-block, 551 
playing surface for, 81 double sugar tong, 551 
protective equipment for, 83 long arm posterior, 551 
Sock liner, shoe, 530 mallet finger, 551 
Softball, 702-705 posterior ankle (“post mold”), 551 
epidemiology of, 702-703, 703t posterior long leg, 551 
injuries in radial gutter, 550 
ankle, 704 single sugar tong, 551 
by body part, 703, 703t stirrup, 551 
concussions, 704 thumb spica, 551 
fifth metacarpal stress fractures, 704 ulnar gutter, 550 
mechanism of, 703 volar/dorsal forearm, 551 
pitching, 704 Splinting 
shoulder, 703-704 advantages and disadvantages of, 549 
types of, 703 vs. casting, 549 
ulnar diaphyseal stress fractures, 704 complications of, 550 
injury prevention in, 704—705 dynamic, 551 
participation in, 702 follow-up of, 550 
protective equipment, 82 materials for, 549 
rules and regulations of, 702 principles of, 549 
Soft knuckles, 371 process of, general, 549-550 
Solar urticaria, 260, 260t Spondylolisthesis, 301-302 
Solo climbing, 656 in basketball, 582 
Soloing, 656 in football, 631 
Sonopalpation, 123 in pediatric athlete, 761 
Soreness, muscle. See also specific muscles and sports in swimming, 713 
delayed-onset, 28, 53-54 in tennis, 716 
Sore throat Spondylolysis 
infectious mononucleosis, 213 in dance, 609-610 
pharyngitis, 213 in football, 631 
Sparring, in wrestling, 752 in gymnastics, 641 
Spasticity, in spinal cord injury athlete, 790 lumbar, 301-302 
Spa therapy, 485 in pediatric athlete, 761 
Spear tackler’s spine, 294, 295t, 631 in swimming, 713 
Spearing, 97 in tennis, 716 
head, in football, 295 Spondylosis 
Spear tackling, 292, 294 in basketball, 582 
Special Olympics, 784 in figure skating, 625 
Specificity, 16t, 17, 60, 163 Spontaneous pneumothorax, in diving, 618 
Speed climbing, 655-656 Sport bars, 74 
Speed test, 350 Sport climbing, 655 
Spinal accessory nerve (CN XI), 385-386 Sport Concussion Assessment Tool (SCAT), 164 
Spinal accessory nerve (CN XI) entrapment, 386 Sport drinks, 74 
Spinal and spinal cord injuries. See also specific injuries Sport psychologist, 559 
athlete with Sports Concussion Assessment Tool (SCAT2), 236 
autonomic dysreflexia in, 789 Sports hematuria, 189, 190 
heterotopic ossification in, 789-790 Sports hernia, 399, 409-410 
orthostatic hypotension in, 790 Sprain, 16. See also specific types 
osteoporosis in, 790 Spray and stretch treatments, 488 
skin breakdown in, 789 Sprint races, rowing, 593 
spasticity in, 790 Spurling’s test, 607-608 
thermoregulation in, 789 Squats, 744 
cervical spine, 292-296 Squeeze test, 441, 455 
clinical features of, 293 Stability, shoe, 531, 532 
diagnostic studies of, 294 “Staggers,” 614 
in football, 630-631 Standardized Assessment of Concussion (SAC), 164, 236 
management of Static contractions, 24, 51 
general, 294 Static magnetic fields, 489 
on-site acute, 294 Steady state exercise, 27 
rehabilitation in, 294-295 Steer wrestling, 693t, 694 
prevention of, 295-296 Stem cells, muscle-derived, 52 
return to play after, 295, 295t Step length, 144 
by sport Step time, 144 
in alpine skiing and snowboarding, 688 Sternoclavicular (SC) joint 
in basketball, 581-582 anatomy and biomechanics of, 323-324, 324f 
in figure skating, 625 applied anatomy of, 325-326, 326f 
in football, 630-634 Sternoclavicular (SC) joint injuries 
cervical spine, 630-631 classification of, 324, 324f 
lumbar spine, 631-634 epidemiology of, 323 
in water polo, 739 mechanism of, 325, 325f 


Spinal column, 297 physical examination and classification of, 325-327, 325f-327f 


radiologic evaluation of, 327, 327f 
treatment of 
nonoperative, 327-329, 328f, 329f 
operative, 329 
Stimson method, 313-314 
Stimulants, 160 
Stingers, 47—48, 87, 631 
epidemiology of, 292 
Erb’s point in, 387 
management of, 294 
neck, in wrestling, 754 
shoulder, in lacrosse, 668 
Stingrays, 709 
Stirrup splint, 551 
Stitch, 88 
side, 246 
St. John’s wort, 564 
Stonefish stings, 615 
Strains, 52-53. See also specific types 
classification of, 19, 52 
definition of, 409 
of hip and pelvis, 409 
muscle, 52-53 
muscle strengthening in, 53 
prevention of, 53 
tendon, 434 
in wrestling, 753 
Strawberry, 181 
Streaming, 486 
Strength 
of recommendation grades, 17 
tensile, 16 
Strength-endurance continuum, 28 
Strengthening, core, 493—495 
Strengthening, muscular 
bilateral, 60 
for muscle strain, 53 
unilateral, 60 
Strength, muscle 
biomechanical factors in, 28 
in clearance to play, 3 
definition of, 742 
estimating, 29 
vs. muscular power, 747 
resistance training in, 742 
weightlifting for, 745t 
Strength training 
muscular, 747 
recommendations for, 60 
in pediatric athlete, 764 
recommendations for, 60 
on skeletal muscle, 742 
in weightlifting, 745t, 747 
Strenuous exercise, cancer risk from, 799 
Stress fractures, 576. See also specific types 
biomechanics of, 41 
definition of, 464 
etiology of, 464 
lower extremity, 464—469 (See also Lower extremity stress fractures) 
in pediatric athlete, 761 
distal radius physeal, 761-762 
lunatomalacia (Kienbock disease), 762 
pathophysiology and diagnosis of, 761 
proximal humeral physeal, 761 
spondylolysis, 761 
in running, 683 
in soccer, 698 
Stress hematuria, 189, 190 
Stress radiography 
strengths and weaknesses of, 116 
uses of, 117 
Stress reaction, 464 
bony, 467 
ischial ramus, 466 
osseous, in hip, 399 
Stress test, exercise. See Exercise testing 
Stress urinary incontinence, 779 
Stress views, 16 
Stretching 
for muscle strain prevention, 53 
passive, for muscle cramps, 55 
Stride length, 144 
Stride time, 144 
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Stroke 
exercise after, 271 
rowing, 593 
swimming, mechanics of, 711 
Stroke volume (SV), 136 
Stryker Intracompartmental Pressure Monitor, 152 
ST segment, 136 
ST segment depression, from exercise testing, 140 
ST segment elevation, from exercise testing, 140, 141 
ST segment normalization, from exercise testing, 141 
Studies, research, 17 
Study quality, 17 
Subacromial bursitis 
in water polo, 737 
in wheelchair athlete, 787 
Subacromial decompression surgery 
rehabilitation after, 321 
technique in, 319-320 
Subacromial impingement, in water polo, 737 
Subacromial space injections, 524 
Subacromial spurs, in wheelchair athlete, 787 
Subchondral stress fractures, 403 
Subconjunctival hemorrhage, 87, 197 
Subdural hematoma, 97 
Subluxation, 16. See also specific types 
Substance abuse, 555-556, 555t 
Substance dependence, 555-556, 556t 
Subtalar joint, 440 
Subungual hematoma, 368 
Suction sign, 441 
Sudden cardiac death (SCD), 172, 173-175 
arrhythmogenic right ventricular cardiomyopathy 
in, 173 
in basketball, 580 
epidemiology of, 173 
etiologies of, 173 
exercise-related, 109-110, 172 
familial conditions in, 175 
in football, 634 
hypertrophic cardiomyopathy in, 173 
screening for prevention of, 109-110, 173-175, 174t 
Sudden death 
in football, 634 
traumatic, 85 
Sunburn 
in triathlons, 727 
in water polo, 739 
Sun damage, in swimming, 713 
Sunderland classification, 19, 45 
Sunderland classification of nerve injuries, 19 
Sun exposure 
cancer risk from, 798 
in pediatric athlete, 763 
Superficial heating modalities, 484—486 
contrast baths, 485 
fluidotherapy, 485 
heat lamps, 485 
hot packs (hydrocollator), 484—485 
hydrotherapy, 485 
indications, contraindications, and precautions with, 484 
paraffin baths, 485 
physiology of, 484 
spa therapy (balneotherapy), 485 
Superficial peroneal nerve (SPN), 474f, 475f, 478 
Superficial peroneal nerve (SPN) entrapment, 478-479 
Superior labral injuries, 575-576 
Superior labrum 
anatomy of, 347-348 
function of, 348 
Superior labrum anterior to posterior (SLAP) tears 
diagnosis of, 348 
epidemiology of, 347 
etiology and pathophysiology of, 348 
management of, 354 
MRI of, 304, 306f 
rehabilitation after repair of, 574 
in throwing shoulder, 353 
treatment of, 348-349 
Superior labrum ganglions, juxta-articular, 348 
Supernumerary bone, 15 
Supinator syndrome, 395 
Supplements. See also Ergogenic aids 
nutritional, 72-74 
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Supraclavicular triangle, 386 
Supracondylar fractures, pediatric, 360-361, 759 
Suprascapular nerve, 391 
Suprascapular nerve entrapment, 47, 391 
Suprascapular neuropathy 
in racquet sports, 47 
in throwing sports, 48 
in volleyball, 733 
Supraventricular arrhythmias, in athletes, 178-179 
Sural nerve, 475f 
Sural nerve entrapment, 133t, 479-480 
Surface electromyography, 146 
Surface interval, 611 
Surface, playing, 81 
Surfboards, 707-708 
Surfer’s ear, 708-709 
Surfer’s myelopathy, 708 
Surfing, 707-709 
athlete attributes in, 707 
envenomation in, 709 
epidemiology of, 708 
equipment in, 707-708 
gastroesophageal reflux disease in, 709 
history and competitions in, 707 
lacerations in, 708 
otitis externa in, 709 
participation in, 707 
sport profile in, 707 
surfer’s ear in, 708-709 
surfer’s myelopathy, 708 
tympanic membrane rupture in, 708 
Surfing helmets, 708 
Surgery, recovery from. See Postoperative athletes 
Surgical airway, 204, 204t 
Sweat rate, 69 
Sweep rowing, 593 
Swimmer’s ear 
in surfing, 709 
in swimming, 713 
in water polo, 737 
Swimmer’s itch, 187 
Swimmer’s shoulder, 712 
Swimmer’s xerosis, 713 
in water polo, 739 
Swimming, 711-714 
drowning, 714 
epidemiology of, 711 
injuries in 
breaststroker’s knee, 712 
catastrophic, 100-101 
cervical strain, 713 
elbow, 712 
foot/ankle, 713 
low back strain, 713 
patellofemoral pain, 712 
shoulder instability, 712 
spondylolysis/spondylolisthesis, 713 
swimmer’s shoulder, 712 
medical problems in 
asthma, 713 
conjunctivitis, 713 
green hair, 714 
otitis externa, 713 
sun damage, 713 
swimmer’s xerosis, 713 
popularity and benefits of, 711 
stroke mechanics in, 711 
in triathlons, 725-731 (See also Swimming) 
trihalomethane exposure in, 798 
Swing, golf, 635 
Symphysis pubis stress reaction, 466 
Symptomatic dermatographism, 260t, 261 
Synchronized skating, 621 
Syncope 
exercise-associated collapse and, 175-176, 175t, 176f 
heat, 97 
in football, 633 
Syndesmotic ankle sprain, 440, 443 
Syndesmotic ligament, 440 
Syndesmotic ligament injury 
rupture, 455 
treatment of, 443 
Syndrome of inappropriate antidiuretic hormone (SIADH), 225 


Synovial fluid 
classification of, 520, 521t 
on tendons, 55 
Synovial plica, 432 
Synovial plicae syndrome, 438 
Synovitis. See also Tenosynovitis 
of metatarsophalangeal joint, 454, 471 


Tackling, spear, 97 
T’ai chi, 62 
Takedown, 752 
Talar body fractures, 457 
Talar dome osteochondral lesion, 404, 405f 
in soccer, 697 
Talar head fractures, 458 
Talar neck fractures, 457, 458f 
Talar tilt test, 441 
Talocalcaneal joint, 440 
Talocrural joint, 440 
Talofibular ligament sprain, MRI of, 404, 405f 
Talonavicular articulation, 460 
Talonavicular joint, 459 
Talon noir, 181 
Talus, 440, 457 
Talus fractures, 457—458, 457f, 458f 
stress, 468 
Talus osteochondritis dissecans, in pediatric athlete, 760-761 
Taping, 539-545 
ankle, 583 
application of, 540 
evidence for, current, 544—545 
fundamentals of, 539 
indications for, 539 
materials for, 539—540 
methods for, current, 539 
removal of, 540 
site preparation for, 540 
site-specific techniques of 
ankle sprain, 540-542, 541f-543f 
McConnell, 539, 543-544, 544f, 545f 
plantar fascia, 540, 541f 
“Tapping out,” in mixed martial arts, 590, 591 
Tardy ulnar palsy, 396-397 
Target training heart rate, 24 
Tarsal coalition, 762 
Tarsal navicular stress fractures, 468 
Tarsal tunnel, 451, 472f, 473 
Tarsal tunnel syndrome, 133-134, 133t, 451, 472f, 473-476 
anatomy, pathophysiology, and risk factors in, 473 
anterior, 474f, 475f, 479 
definition of, 472f, 473 
differential diagnosis and evaluation of, 474-476 
electrodiagnostic testing for, 134 
symptoms and signs of, 474 
treatment of, 476 
Tattooing, traumatic, 725 
Team competition, 2 
Team physician, 1-5 
definition of, 1 
duties and responsibilities of, 1, 10-11 
knowledge of, core, 2 
liability risk and contracts for, 4-5 
other considerations for, 4—5 
responsibilities of 
administrative, 3 
communication, 3—4 
medical, 2-3 
specialties practicing as, 1 
time requirements of, 1-2 
Team Physician Consensus Statement on Concussion, 162 
Team practice, 1-2 
Team roping, 693t, 694 
Teeth, 206, 207f 
Temperature regulation 
in geriatric athlete, 772 
in pediatric athlete, 763 
Temporary orthotics, 534 
Tendinitis (tendonitis), 16, 55-56. See also specific types 
by site 
biceps, 716-717, 737 
calcific, in posterosuperior glenoid impingement, 319 
extensor, 713 


extensor carpi ulnaris, 372, 719 
extensor digitorum communis, 719 
extensor pollicis brevis, 719 
flexor compartment, 372-373 
insertional Achilles, 452 
patellar, 436, 583, 732 
popliteus, 436-437 
quadriceps, 436 
triceps, 712 
wrist, 719 
by sport 
in basketball, patellar, 583 
in dancing, 609 
in swimming 
extensor, 713 
triceps, 712 
in tennis 
biceps, 716-717 
extensor carpi ulnaris, 719 
extensor digitorum communis, 719 
extensor pollicis brevis, 719 
wrist, 719 
wrist flexor, 719 
in volleyball, patellar, 732 
in water polo, biceps, 737 
ys. tendinosis, 364 
Tendinopathy (tendonopathy), 16, 56. See also specific types 
platelet-rich plasma therapy for, 515-516 
by site 
Achilles, 609, 682, 697 
flexor compartment, 372-373 
patellar, prolotherapy for, 509 
quadriceps, 594, 604 
by sport 
in bicycling, 604 
biceps femoris, 604 
iliopsoas, 605 
quadriceps, 604 
semimembranosus, 604 
in crew, 594 
in dance, Achilles, 609 
in golf, 637 
in musicians, 607 
in rowing, forearm, 594 
in running, Achilles, 682 
in soccer 
Achilles, 697 
adductor muscle, 698 
Tendinosis (tendonosis), 16, 56. See also specific types 
in figure skating 
Achilles, 624 
extensor hallux tendon, 624 
infrapatellar, 624 
patellar, 624 
tibialis anterior, 624 
by site 
Achilles, 624 
biceps, 349-350 
elbow, 308, 364-365 
extensor hallux tendon, 624 
gluteus, 399 
infrapatellar, 624 
MRI of, 304-305 
patellar, 403, 624 
vs. tendonitis, 364 
tibialis anterior, 624 
Tendon 
anatomy and physiology of, 55 
diagnostic imaging of, 118 
Tendon failure, 434 
Tendon injury and repair, 55-57. See also specific types and sports 
anatomy and physiology of, 55 
chronic tensile overload injuries, 55-56 
epidemiology of, 55 
platelet-rich plasma therapy for, 515-516 
Tendon rupture. See also specific types 
biomechanics of, 434 
from injections, 520, 521t 
patellar, 434—435 
quadriceps, 435 
Tendon strain, 434 
Tendon tear, MRI of, 305 
Tendon transfer, ankle, 445 
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Tennis 
joint load in, 795 
playing surface for, 81 
Tennis elbow. See Lateral epicondylitis (tennis elbow) 
Tennis injuries, musculoskeletal, 715-722 
abdominal muscle strains, 716 
adolescent, 722 
back, 715 
elbow, 717-719 
epidemiology of, 715 
hip/thigh, 720 
knee, 720-721 
leg, ankle, and foot, 721 
participation in, 717 
shoulder, 716-717 
spondylolysis, 716 
wrist, 719—720 
Tennis leg, 435-436, 721 
Tennis player’s shoulder, 717 
Tennis toe, 721 
Tenosynovitis, 16 
MRI of 
ankle, 405 
of wrist and hand, 309 
Tenosynovitis, de Quervain, 372 
anesthetic and corticosteroid injections for, 525 
MRI of, 309 
by sport 
in bicycling, 604 
in cross-country skiing, 596 
in golf, 637 
Tensile strength, 16 
Tension pneumothorax, 85 
Terminology, orthopedic sports medicine, 15-20 
classification systems, 18-19 
evidence-based medicine, 16—17, 16t 
fitness, 19-20 
fracture, 17-18 
fracture eponyms, 18 
general, 15-16 
Tesamorelin, for HIV-infected, 809 
Testicular anomalies, sports clearance with, 114t 
Testicular injuries, 193 
Testosterone, 226—227 
abuse of, 226-227 
for HIV-infected, 809 
Test-retest reliability, 163 
Theophylline, for asthma, 250 
Therapeutic cold, 487-488 
Therapeutic drugs, 159-160 
Therapeutic heat, 484-487. See also Heating modalities 
Therapeutic use exemption (TUE), 160 
Thermal expenditure theory, 251 
Thermoregulation, in spinal cord injury athlete, 789 
Thigh injuries 
athletic pubalgia, 399, 409-410 
contusions, 409, 629 
femoroacetabular impingement, 412 
hamstring syndrome, 409 
hematomas, 651 
piriformis syndrome, 410-411 
ruptured ligamentum teres, 413 
by sport 
in football, 629 
in ice hockey, 651-652 
in tennis, 720 
in water polo, 738 
Thigh innervation, cutaneous, 475f 
Thigh splints, MRI of, 399 
Thinking, in clearance to play, 3 
Thoracic inlet, 388 
Thoracic nerve entrapment, long, 389-390 
Thoracic nerve, long, 389 
Thoracic outlet, 388 
Thoracic outlet syndrome, 388-389, 608 
Thoracic spine 
anatomy of, 297-298 
diagnostic radiography of, 120 
Thoracic spine injuries, 297-303 
anatomy in, 297-298 
clinical syndromes in, 300-302 
disc herniation, 301 
facet joint syndrome, 302 
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Thoracic spine injuries (continued) 
fracture, subluxation, and dislocation, 301 
musculoligamentous injuries, 300-301 
osteoporotic thoracic vertebral compression fractures in 
elderly, 301 
rib syndromes, 302 
spondylolysis and spondylolisthesis, 301-302 
epidemiology of, 297 
evaluation of 
imaging in, 299-300 
initial, 298—300, 299t, 300t 
red flags in, 299t 
return to play after, 302-303 
Thoracic spine kyphosis, in climbing, 658 
Thoracic vertebral compression fractures, osteoporotic, in elderly, 301 
Thoracolumbar junction, 297 
Throat protectors, ice hockey, 647 
Throat sprays, 217 
Throat trauma, in lacrosse, 669 
Thrombocytosis, 232 
Through transmission enhancement, 123 
Throwing 
overhand, biomechanics of, 575 
phases of, 575 
Throwing shoulder, 352-355 
dead arm in, 353 
glenohumeral internal rotation deficit in, 353 
kinetic chain of throwing in, 352 
management of, 354-355 
pathophysiology of, 354-355 
rehabilitation issues in, 354 
throwing motion in, 352 
Throws, in figure skating, 623 
Thumb fractures, of distal or proximal phalanx, in lacrosse, 669 
Thumb injuries 
joint, 370 
in wrestling, 754 
Thumb metacarpal fractures, 380-381 
Thumb spica cast, 551 
Thumb spica splint, 551 
Thunderclap headache, 238 
Thyroid disease 
in athletes, exercise and, 272 
hyperthyroidism, 223, 272 
hypothyroidism, 223, 272 
Thyroid hormone, 222 
Thyrotoxicosis, 223 
Tibia fractures 
in alpine skiing, 688 
in running, 683 
in soccer, 698 
Tibialis anterior tendinosis, in figure skating, 624 
Tibialis posterior tendon (TPT) injuries, MRI of, 405, 406f 
Tibial nerve entrapment, 133—134, 472f, 473—476. See also Tarsal tunnel 
syndrome 
definition of, 472f, 473 
Tibial nerve injuries, electrodiagnostic testing for, 133-134 
Tibial periostitis (shin splints) 
in basketball, 582 
in lacrosse, 667 
in running, 680-681 
in volleyball, 732 
Tibial plateau fracture, 401, 401f 
Tibial stress fractures, 467 
in basketball, 582-583 
in running, 683 
Tibial stress syndrome, medial, in running, 680-681 
Tibial tubercle apophysitis (Osgood-Schlatter disease) 
in basketball, 583 
in pediatric athlete, 760 
in soccer, 697 
in tennis, in adolescents, 722 
Tibial tubercle avulsion, in pediatric athlete, 758 
Tidal volume (V+), 23, 23f 
Tie-down roping, 693t, 694 
Tietze syndrome, 302 
Time. See Duration 
Time advantage, 752 
Tinea capitis, in wrestling, 755 
Tinea corporis, 186 
in wrestling, 755 
Tinea cruris, 186, 579 
in bicycling, 605 





Tinea pedis, 186 
in basketball, 579 
Tinea versicolor, 186 
Tobacco, 160 
cancer risk from, 798 
use and dependence on, 556-557, 557t 
Toe crests, 535 
Toe plate extensions, 551 
Tooth fracture, 208 
Tooth intrusion, 208 
Top-roping, 656 
Top tube length, bicycle, 602, 602f 
Torg and Ramsey-Emrhein collision sport participation guidelines, 295t 
Torg—Pavlov ratio, 294 
Tort, 10 
Torus fracture, 18 
definition of, 758 
in pediatric athlete, 758-759 
Total ankle replacement, athlete with, 792-797. See also Total joint replacement, 
athlete with 
Total energy expenditure (TEE), 66 
Total hip arthroplasty, athlete with, 792-797. See also Total joint replacement, 
athlete with 
Total joint replacement, athlete with, 792-797 
activity after, by joint type, 792, 793t-795t, 796 
experience and preoperative patient activity level in, 795 
indications for, 794 
joint load and moments during sports in, 795, 796t 
prevalence and outcome of, 792 
recreation vs. exercise in, 795 
surgical factors in, 797 
wear of joint replacements in, 792 
Total knee arthroplasty, athlete with, 792-797. See also Total joint replacement, 
athlete with 
Total Quality Recovery (TQR), 268, 268t 
Total shoulder replacement, athlete with, 792-797. See also Total joint replacement, 
athlete with 
Touring. See also Bicycling 
bicycle, 601 
Trabecular bone, 40 
Tracheal injuries, 203-204, 204t 
Track bite, in rowing, 595 
Traction apophysitis, in pediatric athlete, 759-760 
Traction/counter-traction method, 313 
Traditional climbing, 655 
Traditional medicine, 561 
Trail shoe, 531 
Training and conditioning, exercise, 59-64. See also specific types and sports 
adaptations to, 28-29 
aerobic exercise effects in, 63-64 
definition of, 265 
health benefits of, 59, 63—64 
medical clearance for, 62—63 
physiologic changes in, 265 
principles of, 28 
program components in, 61—62 
recommendations for 
cardiorespiratory endurance training, 59-60 
flexibility training, 61 
muscular strength and resistance training, 60 
Training intensity. See Intensity; specific sports 
Training room time, 1 
Training volume. See also specific sports 
in weightlifting, 744 
Train low, compete high, 72 
Transcutaneous electrical nerve stimulation (TENS), 565-566 
Transcutaneous electrical nerve stimulators, 488 
Transducers, ultrasound, 122 
Transient lower esophageal sphincter relaxations (TLESRs), 242 
Transition zone, 725 
Transition zone training, for triathlons, 727-728 
Transverse fractures, 18, 21. See also specific types 
of hand, 379 
Transverse tubules, 21 
Transversus abdominis muscle, 494 
Trapezium fractures, 378 
Trapezius muscle, 385 
Trapezoid fractures, 378 
Trapezoid ligament, 336, 336f 
Traumatic brain injury (TBI) 
in alpine skiing and snowboarding, 688 
in basketball, 579-580 
in boxing, 589 


in ice hockey, 650 
in soccer, 699 
in volleyball, 734 
Traumatic iritis, 195 
Traumatic tattooing, 725 
Travel, radiation risk in, 798 
Triangular fibrocartilage complex (TFCC) 
injury of, 368 
in tennis, 719 
MRI of, 309 
Triathlon, 725-731 
epidemiology of, 725-727 
events in, 725 
exercise-associated collapse in, 730 
governing bodies for, 725 
heat illness in, 731 
history of, 725 
hyponatremia in, 730-731 
hypothermia and water temperature in, 730 
medical considerations in, 730-731 
medical services location in, 730 
medical team and responsibilities in, 729-730 
nutritional considerations in, 728-729 
participation in, 725 
rhabdomyolysis in, 731 
supplies in, 730 
training considerations in, 727-728 
vocabulary in, 725 
Tricarboxylic acid (TCA) cycle, 67f, 68 
Triceps extension, 744 
Triceps tendinitis, in swimming, 712 
Trick cycling, 601. See also Bicycling 
Trigger digits, 373 
Trigger finger injection, anesthetic and corticosteroid, 525 
Triglycerides, 66 
Trihalomethanes, 798 
Triple-phase bone scan, for compartment syndrome, 154 
Triquetrum fractures, 377 
Trochanteric bursitis, 525-526 
in bicycling, 605 
Trochanteric pain syndrome, 410 
Tropomyosin, 51 
Troponin, 21, 51 
Troponin T levels, in triathlons, 726 
Trumpet player’s neuropathy, 607 
Trunk, weightlifting for, 744 
Trust, 7 
Turf, artificial, 81 
Turf burns, 81 
in lacrosse, 667 
Turf toe, 406, 406f 
in football, 629 
in lacrosse, 667 
Turnout, 609 
Tympanic membrane perforation (rupture), 88, 202 
in surfing, 708 
in water polo, 737 
Type I error, 17 
Type I error, 17 
Type of activity, in exercise prescription, 78 


Ulnar collateral ligament (UCL) 
lateral (See Lateral ulnar collateral ligament [LUCL] instability) 
medial (See Medial (ulnar) collateral ligament [MCL]) 
Ulnar collateral ligament (UCL) injury (gamekeeper’s thumb), 370. See also Medial 
(ulnar) collateral ligament (MCL) injuries 
MRI of, 309 
by sport 
in alpine skiing, 688 
in baseball, 576 
in cross-country skiing, 596 
in ice hockey, 651 
in lacrosse, 668 
in swimming, 712 
in tennis, 718 
in water polo, 737, 738 
in wrestling, 754 
Ulnar diaphyseal stress fractures, in softball, 704 
Ulnar gutter cast, 550 
Ulnar gutter splint, 550 
Ulnar impaction syndrome, MRI of, 309 
Ulnar nerve, 396 


Index 


Ulnar nerve entrapment, 396-397 
in wheelchair athlete, 788 
Ulnar neuritis, in baseball, 576 
Ulnar neuropathy 
in bicycling, 604 
in cycling, 47 
in musicians, 608 
in throwing sports, 48 
in wheelchair athlete, 788 
Ulnar sulcus, ulnar nerve entrapment at, 396-397 
Ulnar translocation, 367-368 
Ulnocarpal abutment, MRI of, 309, 309f 
Ulnohumeral joint, 357 
Ultrasound 
deep heating with, 486 
low-intensity pulsed, for bone healing, 43 
Ultrasound, musculoskeletal, 121—127 
advantages and disadvantages of, 121 
anisotropy in, 122 
artifacts in, 123 
Doppler imaging in, 123 
evidence for use of, 125—126 
gain in, 123 
indications for, 124-125 
physics of, 121-122 
shadowing in, 123 
signals in, 123-124 
sonopalpation in, 123 
strengths and weaknesses of, 117 
through transmission enhancement in, 123 
uses of, 118 
volume averaging in, 123 
Ultraviolet light, on skin, 183 
Unilateral contract, 9 
Unilateral strengthening, 60 
Union, 18 
delayed, 17 
fibrous, 17 
mal-, 17 
non-, 17 
United States Anti-Doping Agency (USADA), 159 
Upper airway obstruction, 84-85 
Upper body/trunk, weightlifting for, 744 
Upper extremity injuries. See also specific types 
in basketball, 582 
in bicycling, 603 
in figure skating, 625 
in football 
acromioclavicular sprain, 629-630 
glenohumeral instability, 629 
jersey finger, 630 
mallet finger, 630 
in rugby, 674 
in volleyball, 733 
Upper extremity MRI, 304-310. See also Magnetic resonance imaging (MRI), 
of upper extremity 
Upper extremity nerve entrapments, 384-397 
axillary nerve, 390-391 
brachial plexus, 387 
diagnosis and evaluation of, 384-385 
epidemiology of, 384 
long thoracic nerve, 389-390 
lower trunk plexopathy, 388-389 
median nerve, 392-394 (See also Median nerve) 
musculocutaneous nerve, 391—392 
pathophysiology of, 384 
radial nerve, 394—396 
radiculopathy, 385 
risk factors in, 384 
spinal accessory nerve (CN XI), 385-386 
suprascapular nerve, 391 
ulnar nerve, 396-397 
upper trunk plexopathy, 387-388 
Upper intake levels (ULs), for nutrients, 73 
Upper limb fractures. See also specific types 
in wheelchair athlete, 788 
Upper limb tension test, 389 
Upper respiratory tract infections (URIs), 211, 212, 253-254 
acute, sports clearance with, 114t 
Upper, shoe, 530 
Upper trunk plexopathy, 387-388 
Ureter injuries, 192 
Urethra trauma, 193 
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Urgencies, planning for, 3 
Urinary incontinence, stress, 779 
Urticaria, 259-261 
evaluation of, 261 
management of, 261 
pathophysiology of, 259-261, 260t 
U.S. Navy Diving Manual, 612, 613f 
Utility, clinical, 164 
U wave inversion, from exercise testing, 141 


Vaccine, influenza, 212 
Valgus extension overload (VEO) 
in alpine skiing, 718-719 
in baseball, 576 
in water polo, 737 
Valgus stress testing, 426 
Validity, 17, 163 
Valleix phenomenon, 474 
Valvular disorders, screening for, 110 
Variable, 17 
dependent, 17 
independent, 17 
Vasomotor rhinitis, cold-induced, 652 
Vastus medialis oblique (VMO) dysplasia, 431 
Venous thoracic outlet syndrome (VTOS), 388-389 
Ventilation 
maximal voluntary, 23 
minute, 23 
pulmonary, 23 
Ventilatory equivalents, 24 
Ventilatory threshold, 26 
Verrucae, 185 
in water polo, 739 
in wrestling, 755 
Verrucous hyperplasia, in amputee athlete, 788 
Vertebrae, 297 
Vertebral dislocation, 301 
Vertebral end-plate fractures, in pediatric athlete, 758 
Videotaped observational gait analysis (VOGA), 147-149, 147t, 148f, 148t 
Viral skin infection 
herpes gladiatorum, 185-186 
molluscum contagiosum, 185 
verrucae, 185 
Vitamin C, 217 
Vitamin D, 40 
deficiency of, 224-225 
function of, 224 
intake of, for bone mineral density, 778 
Vitamins, in sports nutrition, 69 
Volar dislocations, of PIP joint, 369 
Volar forearm splint, 551 
Volar intercalated segmental instability (VISI) deformity, 367 
Volkmann canals, 39 
Volkmann contracture, 361 
Volleyball, 732-734 
beach, 734 
injuries in 
finger, hand, and wrist, 733 
foot and ankle, 732-733 
hip pointers, 734 
knee, 732 
leg, 732 
low back, 733-734 
shoulder, 733 
traumatic brain injury, 734 
participation in, 732 
Volume averaging, 123 
Volume, training 
in weightlifting, 744 
in weight training, 28 
(VOomax) 136 
Vomiting, in triathlons, 727 
Vulvar hematomas, in gymnastics, 642 





Walking, joint load in, 795, 796t 
Warm-up, for muscle strain prevention, 53 
Warm-up phase, 61 
Wartenberg syndrome, in ice hockey, 651 
Warts, 185 

in water polo, 739 

in wrestling, 755 


Wasp stings, 187 
Water losses 
in exercise, 69 
in triathlons, 729 
Water loss theory, 251, 274 
Water polo, 735-739 
equipment in, 735 
fouls in, 735-736 
game play in, 735 
history of, 735 
injuries in 
ear, 736-737 
elbow, 737-738 
environmental, 739 
eye, 736 
hand and finger, 738 
hip, 738 
knee, 738 
shoulder, 737 
spinal, 739 
thigh, 738 
participation in, 735 
Water temperature, in triathlons, 730 
Wave riding, in surfing, 707 
Web space tear, in water polo, 738, 739 
Weighing in, wrestling and, 755-756 
Weight classes, in wrestling, 755-756 
Weightlifter’s headache, 238-239 
Weightlifting, 741-747 
exercise prescription in 
progressive resistance training recommendations in 
motor performance, 746t 
muscle endurance, local, 746t 
muscle hypertrophy, 745t 
muscle power, 746t 
older adults, 746t 
strength, 745t 
rest periods in, 744, 747 
training volume and intensity in, 744 
for lower body, 744 
muscle physiology and, 741-742 
partners for training in, 747 
programs for 
daily adjusted progressive resistance exercise (DAPRE), 743, 743t 
DeLorme method, 742-743, 743t 
periodization, 743-744 
strength training in, 747 
strength vs. power in, 747 
for upper body/trunk, 744 
Weight training, parameters of, 27-28 
Western medicine, 561 
Westin method, 314 
West Point ankle grading system, 442, 443t 
Wheelchair athlete injuries 
elbow, 788 
shoulder, 787-788 
upper limb fractures, 788 
wrist injuries, 788 
Wheelchair athletes. See Disabled athlete 
Wheelchair sports, 749-751 
groups and classifications of, 749-750 
history of, 749 
injuries and injury prevention in, 750-751 
injury risk in, 786 
medical care in, 750 
Paralympic Games for, 749 
participation in, 749 
Whey protein, 73 
White blood cell (WBC) abnormalities, exercise in, 231 
Whole-body cryotherapy, 488 
Windmill pitch, 704 
Withdrawal, alcohol, 555, 556t 
Wolff-Parkinson-White (W-P-W) syndrome, exercise testing for, 137 
Women’s barrel racing, 693t, 694 
Work, 25 
Work efficiency, 25 
World Anti-Doping Agency (WADA), 159 
Woven bone, 39 
Wrestler’s ear, 83, 88, 201, 736 
in water polo, 736 
in wrestling, 753 
Wrestling, 752-756 
catastrophic injuries in, 98-99 


epidemiology of, 752-753 
injuries in 
back, 754 
chest, 754 
ear, 753-754 
extremity, 754 
head, 753 
knee, 754 
neck, 754 
shoulder, 754 
injury mechanism in, 753 
leg, 752 
participation in, 752 
protective equipment for, 83 
skin infections in, 754—755 
sprain in, 753 
styles of, 752 
terms in, 752 
weighing in, 755-756 
Wrist 
diagnostic radiography of, 119 
MRI of, 308-309, 309f 
Wrist epiphysitis, in tennis, in adolescents, 722 
Wrist flexor tendonitis, in tennis, 719 
Wrist fractures 
capitate, 377 
comminuted, 379 
distal radius, 375-376 
epidemiology of, 375 
hamate, 376-377 
lunate, 377—378 
oblique and spiral, 379 
in pediatric athlete, 759 
pisiform, 377 
scaphoid, 376 
trapezium, 378 
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trapezoid, 378 
triquetrum, 377 
Wrist injuries 
gymnast’s wrist, 373 
musculoskeletal ultrasound for, 125 
overuse, 372-373 
soft tissue, 366-368 
carpal instability, 367 
dorsal wrist syndromes, 366 
epidemiology of, 366 
lunotriquetral instability, 367 
scapholunate dissociation, 367 
triangular fibrocartilage complex injury, 368 
ulnar translocation, 367—368 
by sport 
in alpine skiing, 688 
in golf, 637 
in ice hockey, 651 
in rock climbing, 657 
in snowboarding, 689 
in tennis, 719-720 
in volleyball, 733 
in wheelchair athlete, 788 
Wrist pain 
chronic, 366 
dorsal, in gymnastics, 641-642 
Wrist tendonitis, in tennis, 719 


Yips, 638 
Yoga, 62 
Yosemite Decimal System, 656 


Zinc, 216 
Zurich Consensus statement on concussion, 162 
Zygomatic fractures, 203 
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